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General remarks
A few words on the working pr inciple l f  objects or detai ls are to be seen clear ly,

of the microscope a suff  ic ient ly large image must be formed on
the ret ina of the eye. A measure of the size
o f  th is  image-wh ich  cannot  be  measured d i -
rec t l y -  i s  the  so-ca l led  ang le  o f  v iew.  In  many
cases  th is  i s  so  smal l  tha t  the  des i red  c la r i t y
can no  longer  be  ach ieved.  To  ob ta in  g rea ter
clearness, means must therefore be used to
increase the  v iewing  ang le  and thus  the
imaoe fo rmed on the  re t ina .

fhe  s imp les t  so lu t ion  cons is ts  in  ap-
proaching the eye as closely to the object as
poss ib le .  Th is .  however ,  i s  feas ib le  on ly  to
a  cer ta in  ex ten t  because o f  the  l im i ted  ab i l i t y
of the eye to accommodate. To overcome
this di f f icul ty we have to avai l  ourselves of
lenses or lens systems. The effect of  such an
auxi l iary means is,  in each case, that the ob-
ject located a short  distance in front of  the
eye-or even an image of such an object- is
imaged at a greater viewing angle and a suf-
f ic ient distance from the eye to al low obser-
vat ion without any part icular stress on our
mechan ism o f  accommodat ion .

The a id  usua l ly  employed fo r  th is  purpose
is an ordinary converging lens of suff ic ient ly
shor t  foca l  leng th ,  wh ich  w i l l  fo rm a  magn i f  ied
image of an object located in i ts focal plane
at a distance far enough for the eye looking
through the  lens  to  v iew i t  w i thout  d i f f i cu l ty .
The eyewi l l then  see the  ob jec t  under  awider
viewing angle as i f  i t  were viewed from a
normal  d is tance.  Such a  lens  is  ca l led  a
magnif ier.  l ts magnif icat ion is def ined as the
relat ionship between the tangent funct ions of
the two viewing angles, a certain value hav-
ing been adopted as the normal viewing dis-
tance,  v iz .250 mm.  Th is  i s  the  so-ca l led  d is -
tance of dist inct v is ion. Using this value, we
obta in  fo r  the  numer ica l  va lue  VL o f  the  magn i -
f icat ion of a magnif ier of  focal length fL:

,r, - -250
v L  -  

f ,



l f  h igher magnif icat ions are required,
simple lenses are no longer suff ic ient.  In this
case, the requirements to be made of image
qual i ty can only be sat isf ied by lens combi-
nat ions. However,  the magnif icat ion which
can be achieved in a single magnif icat ion
stage, as in a magnif ier,  is l imited because
technical  problems only al lowthe focal length
to be reduced to a certain degree:the lenses
have to be curved ever more steeply and their
diameters thus become smal ler and smal ler.
This results in di f f icul t ies not only in manu-
fac tur ing ,  bu t  p r imar i l y  in  us ing  them:  the
viewing distance is great ly reduced, the
image br ightness is low and the visual f ie ld
smal l .

These disadvantages can be overcome i f
two successive image-forming systems are
used as is the case in the compound micro-
scope:

The first stage of image formation con-
sists of a lens system, the microscope objec-
tive, located close to the object, which forms
a real and magnif ied aerial  image of the ob-
ject,  usual ly at a certain distance from the
latter.  The relat ionship between image size
and object s ize, the scale of the image M,ni,
is governed by opt ical  laws and is repre-
sented by the relat ionship of the separat ion
between the image and the pr imary focal
point of  the object ive, which is cal led the
"opt ical  tube length t" ,  and the object ive
focal length foui ,  v iz.

Mobi  =

The content of this aerial  image formed by
the object ive, i .  e.  the detai l  of  f ine object
structures i t  contains, however,  has nothing
to do with the scale at which the object ive
reproduces the object.  On the contrary-as
Abbel was the f i rst  to prove-i t  depends not

fobi



I  I  I  us t ra t ion :
l l l u m i n a t i n g  c o n e  m a d e  v i s i b l e .
The cone o f  l igh t  var ies  as  a  func t ion  o f  the  numer ica l  aper tu re .

only on the wavelength of the l ight used for
observat ion, but pr imari ly on the l ight-admit-
t ing propert ies of the object ive. These are
determined by the aperture angle of the cone
of rays from the penci l  or iginat ing at the ob-
ject,  which is able to enter the instrument
through the aperture of the object ive. The
measure of this angle is- l ikewise since
Abbe-the numerical  value of the sine func-
t ion of hal f  the aperture angle. l f  the penci l
or iginat ing at the object does not pass
through air  before i t  reaches the object ive,
but through another medium of di f ferent re-
fract ive index, the angle must be mult ipl ied
by this index. Because of i ts importance for
image formation in the microscope, Abbe
coined the term numerical aperture for the
product of the sine of hal f  the aperture
angle and refract ive index. Thus i f  this rerm
is abbreviated N.A.,  as is customary in micro-
scopy, and o inserted for hal f  the aperture
angle, then we have

N . A , : n . s i n o

With regard to the magnif ied image formed
by a microscope object ive i t  must be noted
that two adjacent object detai ls wi l l  only be
separated, or resolved as i t  is cal led in opt ical
language, i f  the expression

) '  >a  >  ) '
N . A .  : - : 2 N . A .

appl ies with regard to their  separat ion d.
Consequent ly,  the magnitude of the sepa-

ration d to be resolved is always between the
l im i ts

), I
* -A-  

ano 
2NA

I Ernst Abbe (1840-1905), physicist and professor at Jena. From
1867 worked for the ZEISS Optical Works. Became a Dartner in
the company in 1875. Pioneer of  microscope construct ion.  Eslab-
l ished the ZEISS Foundat ion.





Resolving power al J" = 550 nm Table 1

Objective
aperture Separat ion d (p)

N.A. 2 N.A.
0 .10 5.5 2.75
0.30 1.83 0.92
0.65 0.84 0.42
0.95 0.58 0.29
1 . 2 5 0.44 0.22
1.40 0.20

An important fact which is frequent ly over-
looked is that near the lirnit of resolution given
by the above formula i t  is exclusively the dis-
tance between the object details which is re-
produced correct ly.  Nothing can be said
about their  shape. To reproduce object con-
f igurat ions with a reasonable degree of s imi-
lar i ty,  we must remain considerably-by a
factor of about 5 to 1O-above the l imit  of
resolut ion for the detai l  in quest ion.

The second stage of image formation in
the compound microscope is exclusively
designed to spread the image produced by
the f i rst  stage so that al l  detai ls can be con-
venient ly recognized by the eye. For this
purpose the aerial  image formed by the ob-
ject ive is viewed through a lens system act-
ing l ike a magnif ier and cal led the eyepiece.

I t  is natural  that even the highest eye-
piece magnif icat ion cannot show the eye
more than the aerial  image in accordance
with the resolving power of the object ive.
There is thus no point using a higher eye-
piece magnif icat ion than is required to make
the resolved detai l  of  the aerial  image visible.
Abbe real ized that i t  was suff ic ient to use a
total  magnif icat ion of the object ive-eyepiece
system of 500 to 1000x ihe object ive aper-
ture. He coined the term useful magnification

0.39



Eyep i  ece

In te rmed ia te  lmage

fo r  th is  range.
The total  magnif icat ioh Vmicr is just the

produc t  o f  the  sca le  o f  the  aer ia l  image Moo i
produced by the object ive and the eyepiece
magnif  icat ion Voct,  namely

On the  bas is  o f  th is  fo rmula  we ob ta in  fo r
the total  focal length of a compound micro-
scope

250
f  m i c r

A c loser  look  a t  th is  fo rmula  c lear ly  shows
the advantages which the compound system
has over the simple magnify ing system:

Due to  the  poss ib i l i t y  o f  combina t ion ,  a
mult i tude of total  focal lengths can be
achieved with only a few elements of di f ferent
foca l  leng th .

Since the focal lengths of the di f ferent
components remain large as compared to
the focal length of the overal l  system, i t  is
possible by appropriate select ion of the
former to obtain pract ical ly any desired short
overal l  focal length. This means no less than
that the magnify ing power of a microscope is
ac tua l l y  un l im i ted .  That  th is  un l im i ted  mag-
n i fy ing  power  cannot  be  fu l l y  u t i l i zed  in  the
compound mic roscope is  due to  the  l im i ted
resolving power of the object ive, which is
determined by the wavelength of the l ight
used and the  numer ica l  aper tu re .

However,  suff  ic ient ly high resolving power
and a  magn i fy ing  powerh igh  enoughto  make
the resolved image detai l  c lear ly vis ible st i l l
do not enable a compound system to present
the eye with an undistorted image of this

Vmicr :+ 250
foc  I

\/ 250
vmrc r  -  

f " b  .  f " "  
-

t

,  fobi  '  foc l
l m i c r :  

1

Objec t ive

Spec imen

Schemat ic  d rawing  o f  the  l igh t  pa th  in  the  mic roscope
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detai l .  In addit ion, the errors inherent to a
greater or lesser degree in any image formed
by the lenses have to be el iminated to such
an extent that the overall system guarantees
a largely unaberrated reproduct ion of re-
solved image detai l .

Whi le-as we have seen-the resolving
power at a given wavelength of l ight depends
exclusively on the objective, the image-form-
ing properties are determined jointty by the
object ive and the eyepiece, al though the
primary inf luence is the type of object ive.

The magnifying power is determined on
the one hand by the object ive and the eye-
piece, but on the other also bythe mechanical
system of the microscope connect ing the
two, because i ts Iength determines the opt ical
tube length. Since the demands made with
regard to resolving power, magnify ing power
and image-forming propert ies cannot be
sat isf ied with a single object ive and eyepiece
system, the connect ing element,  the body
tube, must be designed so that the two com-
ponents can be easi ly detached from i t .  This
is why the lens elements of both the object ive
and the eyepiece are accommodated in spe-
cial  "mounts".  The former have a standard
thread by which they can be screwed into the
lower end of the body tube. The simpler,
tubular mounts of the eyepiece lenses are
sl ipped from above into the sui tably shaped
eyepiece tube.

Parfocalization of objectives and eyepieces To facilitate the exchange of objectives,
so-cal led "object ive changers" are usual ly

. inserted between the objective and the body
tube. The locat ion of the plane separai ing
the body tube from the object ive on the one
hand and the eyepiece on the other is deter-
mined by pract ical  considerat ions:

The tube should always be in the same
posit ion in relat ion to the specimen.

The image must remain in focus when
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m : mechanical  tube length
: object- to- image distance
: object distance of object ive
: intermediate image distance

of eyepiece
- working distance of the object ive

object ives or eyepieces are changed. ln mi-
croscope language, this is cal led "parfocal-

izat ion of object ives and eyepieces".
To sat isfy the lat ter requirement,  which is

essent ial  for undisturbed work with the mi-
croscope, the opt ical  tube length cannot be
the same for al l  types of object ives. l t  is the
distance between the specimen and the aerial
image that must be kept constant.  With a
given mechanical  tube length this can only
be achieved by appropriate design of the ob-
ject ive mount.  The length of this must be
chosen so that the separat ion between the
object plane and the underside of the body
tube against which the object ive rests when
it  is screwed in is the same, and the lens
system is posit ioned so that the aerial  image
wil l  a lways be formed in the same plane in
the tube, regardless of the object ive focal
length. The measure of the distance between
object ive plane and object ive screw f lange is
the so-cal led object distance of the object ive.

ln order that the image wi l l  remain in
focus when the eyepieces are exchanged, the
eyepiece focal plane must always coincide
with the real aer ial  image. In otherwords, the
eyepiece f lange must also be located at a
f ixed distance ( intermediate image distance
of the eyepiece) from the plane of the aerial
image in the tube, and the eyepiece mounts
must be so designed that their  focal plane is
always at a f ixed distance from their  seat ing.

Several  points have to be taken into ac-
count when f ix ing the three mechanical
d imens ions : ihe  ob jec t  d is tance o f  the  ob jec-
t ive, the mechanical  tube length and the inter-
mediate image distance of the eyepiece.

The object distance of the objective is
preferably chosen so that the object ive of
lowest power that is used frequent ly as wel l
as object ives of part icular iy long construct ion
can st i l l  be parfocal ized. On the other hand,
however,  the object ives must not be made

a
b
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Object distance mechanical

excessively long or center ing wi l l  become +oo

dif f icul t .  A reasonable value has been found
to be 45 mm, which we have been using for
al l  ou r  t ransm i t ted- l ig ht object ives since 1950.

The intermediate image distance ol the
eyepiece should be chosen as short  as pos-
sible to al low eyepieces of short  focal length
also to be parfocal ized without di f f icul ty.
With our eyepieces i t  is 10 mm.

The mechanical tube length should above
al l  be chosen so that the microscope can be
dimensioned to sui t  i ts purpose without be-
coming unwie ldy .  The mechan ica l tube length
o f  our  mic roscopes is  160 mm.

For the normal transmit ted- l ight micro-
scope, the combinat ion of these three magni-
tudes results in a distance of 195 mm be-
tween the specimen and the aerial  image.

intermediate image objectto- image
of object ive tube length plane of eyepiece distance
45 mm 160 mm 1 0  m m 195 mm

Appropriate selection
of inilial magnifications

of objectives and eyepieces

Once the tube length has been f ixed, the
total  magnif icat ion of the microscope only
depends, in addit ion, on the focal lengths of
object ives and eyepieces, i .  e.  the scale of
the aerial  image and the eyepiece magni-
f i ca t ion .

The user of the microscope wi l l  f ind i t  of
advantage if these two factors are chosen so
that a Iarge number of total  magnif icat ions
can be achieved with a minimum equipment
out lay. Such a ser ies can be considered as
wel l  coordinated only i f  i t  sat isf ies the fol low-
ing  cond i t ions :

The relat ionship of every component in
the ser ies with the one preceding i t  and the
one fo l low ing  i t  shou ld  be  o f  equa l  magn i -
tude.

I t  should be possible to obtain ser ies with
larger increments by leaving components
with smal ler increments out of a basic ser ies.
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The values of the di f ferent components

shou ld  be  round f igures  or  shou ld  a t  leas t
be  c lose  enough to  round f igures  to  be  ex-
pressed by them with suff ic ient accuracy.

The series should be so establ ished that
once f ixed for a power of ten i t  can be
ex tended as  des i red  by  mul t ip ly ing  by  10 ,
100,  e tc .

These condit ions are wel l  sat isf ied by the
dec imal  geomet r ic  ser ies  on  wh ich  the  Ger -
man lndus t r ia l  S tandard  DIN 323 is  based.
The work ing  group on  mic roscopy  in  the
standards committee of the German Pre-
c is ion  Eng ineer ing  and Opt ica l  lndus t ry  has
therefore proposed that the R 10 standard
series from this standard be adooted as the
bas is  fo r  a  mic roscope magn i f i ca t ion  ser ies .
I t  is contained in the draft  standard on micro-
scope magnif icat ions, DIN 58,886, and is
composed as fol lows:

Standard Series
6.33.22.5l . t c t . o

80o,J50403225201 0 1 2 . 5 t o

100 125 1 6 0 200 250 320 400 500 630 800
1000 1250 1 600 2000 40002500 3200 etc.

When dec id ing  on  the  charac ter is t i c
values of object ives and eyepieces on the
bas is  o f  such a  ser ies ,  the  fo l low ing  po in ts
must  be  taken in to  cons idera t ion :

There should be 4 to 5 main object ives
with the aid of which the range of total  magni-
f icat ions required for pract ical  work can be
covered,  s ince  on ly  th is  number  o f  ob jec t ives
can be mounted on the convent ional type of
object ive changer (revolving nosepieces).

The va lues  fo r  the  in i t ia l  magn i f i ca t ion  o f
the object ives and eyepieces must also be
taken from the above series. Only then is the
advantage o f  the  s tandard  ser ies  f  u l l y  u t i l i zed ,
viz.  that the product of any two f igures is
aga in  a  s tandard  f igure .
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Series of initial magnifications of objectives

Basic ser ies

In view of these considerat ions we have
chosen the fol lowing magnif icat ion incre-
ments for our object ives .  Only in rare cases
and in the case of special-purpose object ives
have important reasons prompted certain
deviat ions.

2.5 4 6.3 10 16 25 40 63 100
Main ser ies 2.5 6.3 16 40 100
Simpl i f ied  ser ies 2.5

(2.5\
1 0
1 0

(100)
100

40
40

Series of initial magnifications of eyepieces 4x  5x  6 .3X  8X  10x  12 .5x  16x  20x  25 )<

Field of view and viewing angle

The numerical  aperture chosen for the
dif ferent object ive magnif icat ions depends
largely on the qual i ty of correct ion. In gener-
al ,  the largest aperture is used that is possi-
ble and just i f ied under the circumstances.
The numerical  apertures applying to our ob-
jectives may be taken from the different ob-
ject ive tables.

In the compound microscope, the image
is sharply l imited by a diaphragm in the eye-
piece which is called the eyepiece field stop.
I ts diameter depends on the focal length and
type of the eyepiece and is l imited by the
inside diameter of the tube accept ing the
eyepiece. This diaphragm al lows only a
certain port ion of the real intermediate image
to be viewed. The diameter of this f ie ld is
called the field-of-view number. In the tables
included in this booklet i t  is indicated for
each of the eyepieces. This number makes i t
possible to determine the diameter of the ob-
ject port ion which can be covered with the
eyepiece field of view. This so-called obiect
f ie ld is determined by dividing the f ie ld-of-
view number by the ini t ia l  magnif icat ion of
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the object ive used-i f  necessary making al-
Iowance for a factor due to body magnif i -
cat ion or an intermediate opt ical  system.

The f ield-of-view number and the eye-
piece focal length also serve to determine the
viewing angle under which the eye sees the
ent ire image. l f  S is the f ie ld-of-view number,
then the viewing angle w results from the
expression

Th is  v iewing  ang le  i s  a lso  ind ica ted  in  the
dif ferent eyepiece tables.

Al l  factors determining the magnify ing
power of the compound microscope and i ts
relat ionship to the resolving power given by
the aperture of the object ive (range of useful
magnif icat ion) can be represented diagram-
matical ly as is shown by the fol lowing ex-
ample of a typical  ser ies of object ives and
eyepieces.

The hor izon ta l  l ines  in  the  d iagram re-
present the steps by which the total  magni-
f icat ion increases in accordance with the
standard ser ies, page 13. The sol id l ines
from the lower r ight-hand corner to the upper
lef t-hand corner are guide l ines for the ob-
ject ives, the magnif  icat ion and numerical
aperture of which are indicated beside the
lower  end o f  the  gu ide  l ine .  The gu ide  l ines
for the eyepieces are the dash-dotted ones
runn ing  f rom the  lower  le f t -hand corner to  the
upper r ight-hand corner.  The eyepiece
magnif icat ion and the f ie ld-of-view number
are  ind ica ted  bes ide  the i r  lower  end.  The
guide l ines for the eyepieces intersect those
of the object ives at the steps which indicate
the total  magnif icat ion of the corresponding
combinat ion .  The co lo red  f rame l im i ts  the
range of useful  magnif icat ion as def ined by
Abbe.
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Correction of aberrations

and irs imporrance tJl';""?"JTlffi;
in the microscope

According to the laws of geometr ic opt ics,
there is a considerable number of errors
inherent in the image formed by an opt ical
lens. Of these, the fol lowing affect image
points even near the opt ical  axis:
spherical  aberrat ion
s ine  coma
longitudinal chromatic aberrat ion
chromatic di f ference of spherical  aberrat ion.

Towards the edge of the f ie ld,  the fol low-
ing aberrat ions are increasingly evident:
coma
ast igmatism
curvature of f ie ld
distort ion
chromatic di f ference of magnif icat ion.

I t  is impossible to correct al l  these aber-
rat ions at once and completely.  They can
only be more or less reduced, greater
emphasis being placed on the reduct ion of
some than others depending on the intended
use of the opt ical  system.

The technical  means required for the sat is-
factory correct ion of opt ical  aberrat ions
depend pr imari ly on the degree of perfect ion
des i red ;  in  add i t ion ,  they  depend on  the
desired numerical  aperture.

Special  at tent ion must be paid to the
effect which the cover glass general ly used
for examining specimens by transmit ted l ight
has  on  image qua l i t y .  Th is  in f luence is  c lear ly
not iceable with object ives of larger numerical
aperture than 0.3 to 0.35. l t  takes the form of
spherical  overcorrect ion and must be com-
pensated by an appropriate residue of under-
correct ion in the object ive i f  the lat ter is
designed for examining covered specimens.
This is,  of  course, possible only i f  the over-
correct ion introduced by the cover glass is
always ident ical ,  and this is only the case i f
the cover glass has a certain thickness and
refract ive index, and the specimen is in very
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close contact with the underside of the cover
glass.

Microscope object ives are normal ly cor-
rected for a cover glass thickness of.  0.17 mm.
l f  the cover glasses actual ly used deviate
from this nominal thickness, they wi l l  produce
a more or less disturbing over- or undercor-
rect ion, depending on the numerical  aperture
of the object ive employed. The fol lowing
table indicates the amount of deviat ion from
nominal thickness which is tolerable without
any not iceable loss of image qual i ty.

Cover-glass thickness with dry objectives Table 2

N.A. of object ive Admissible deviation
from nominal
thickness of 0.17 mm

Approxirnate range
of admissible cover-glass thickness
(mm)

0.08 - 0.3 0  -0 .3
0.3 - 0.45 +0.07 0.1 - 0.24
0.45 - 0.55 +0.05 0.12 -0.22
0.55 - 0.65 + 0.03 0.14 -0.20
0.65 - 0.75 + 0.02 0.15  -  0 .19
0.75 - 0.85 +0.01 0.16  -  0 .18
0.85 - 0.95 + 0.005 0.165 -  0 .175

This table shows that with object ives of
very high numerical  aperture the opt imum
image qual i ty is achieved only i f  special  care
is taken to use only cover glasses of pre-
scr ibed thickness and i f  the object detai l  on
which the microscope is focused is in direct
contact with the underside of the cover glass.
However,  this wi l l  be the case only very
seldom. General ly,  there wi l l  be a more or
less thick layer of mounting medium between
the focusing plane and the underside of the
cover glass, which has about the same effect
on the correct ion as i f  the thickness of the
cover glass were increased by the same
amount.  The "effect ive cover-glass thick-
ness" is therefore composed of the actual
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cover-glass thickness and the aforementioned
layer  o f  mount ing  med ium between the focus-
ing  p lane and the  unders ide  o f  the  cover
g lass .  The resu l t ing  inaccuracy  has  prompted
object ive manufacturers to use special
mounts for al l  object ives with which such f ine
d ifferences matter. These so-cal Ied correction
col lars al low one lens element to be shi f ted
so that the over- or undercorrect ion due to
a deviat ion of the cover-glass thickness
f rom the  nomina l  va lue  can be  comoensated .
For  th is  purpose,  the  cor rec t ion  co l la r  has  a
knur led  r ing  w i ih  a  g raduat ion  and index .
T h e  f i g u r e s  o f  t h e  g r a d u a t i o n  ( 1 2 . . . 1 7 . . . 2 2 1
indicate the cover-glass thickness in hun-
dred ths  o f  a  mi l l imeter .  Opt imum image
qua l i t y  i s  ob ta ined when the  f igure  cor res-
ponding to the thickness of the cover glass
used is opposite the index.

ln  genera l  m ic roscop ic  p rac t ice  i t  w i l l  no t
be possible to measure the effect ive cover-
glass thickness direct ly.  l t  is therefore neces-
sary to use indirect methods to determine the
correct sett ing of the correct ion col lar.

1.  The on ly  method wh ich  can be  used in  a l l  c i rcumstances
and a t  the  same t ime ensures  the  most  accura te  se t t inq  o f  the
cor rec t ion  co l la r ,  cons is ts  in  measur ing  the  e f fec t i ve  cov-er -g lass
th ickness  w i th  the  a id  o f  the  mic roscooe:
.  . .  U s i n g  a  4 0 x ,  N . A .  0 . 6 5 ,  4 0 X .  N . A .  0 . 7 5  o r  4 0 y ,  N . A .  0 . g S  o b -
jec t i ve ,  the  condenser  i s  s topped down to  ha l f  the  ob iec t ive
9per tu re .and the  mic roscope success ive ly  focused on  the  sur -
lace_ot  tne  cover  g tass  and the  focus ing  p lane w i th  the  a id  o f
the  f ine  ad jus tment .  The cor respond ing  read ings  o f  the  f ine
ad jus tment  a re  no ted  down.  The d i f fe rence be [ween the  rwo
set t ings  g ives  the  op t ica l  th ickness  o f  the  cover  q lass ,  wh ich  has
to  be  conver ted  to  the  mechan ica l l y  "e f fec t i ve  th ic :knesb"  bv  mul t i -
p ly ing  i t  by  a  fac to r  K .  The la t te r ' i s  p re fe rab ly  de termine i  once
and.  fo r  a l l  by_  means o f  an  exper jment .  Foa th is  purpose,  the
th ickness  D,  o f  a  few ord inary  cover  g lasses  is  acc t i ra tb lv  de ter -
mined by  means o f  a .  measur ing-a id  (mic rometer ,  d ia l  gage) ,
whereupon the l r  op t ica l  th jckness  D,  j s  measured w i th  the  mlc ro-
scope as  descr ibed above.  The des i red  fac to r  K  resu l ts  f rom the
two measurements :

K = +
I t  i s  no t ,  as  one might  assume,  ident ica l  w i th  the  re f rac t i ve

index  o l  the  cover  o lass .
Example :  K  iJ to  be  de termined w i th  two cover  q lasses  o f

d i f le ren t  th ickness .  Measurements  show the  fo l low ino  th ick -
n esses.
Cover  g lass  No.  1
Dl  mm 0.161
D, mm 0.102
We thus  ob ta in  fo r
Dr iD '  =  K  1 .529

No.2  (nD  =  1 .5288 )
0.240
0.152

1.572
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I I I ustrati on :
Rana, f rog,  b lood smear.

NEOFLUAR, 63x,  0.90 N.A.,  corr .
Magni f icat ion 500x

In the upper micrograph
the correct ion col lar  has been accurately set

for  cover-glass th ickness,
in the lower the set t ing deviates

by 0.01 mm from the correct  value.

The immersion method

2. With less,  but  st i l l  suf f ic ient  accuracy the exper ienced
microscopist  wi l l  be able to adjust  the correct ion col lar  by turn-
ing i t  unt i l  a f ine,  dark object  detai l  is  imaged wi th opt imum
conIrasl .

I t  fo l lows from the aforesaid that objec-
t ives designed for use with cover-glass spe-
c imens cannot  be  employed fo r  examin ing
uncovered specimens. For use with un-
covered specimens special ly corrected ob-
iect ives are avai lable.

An extremely eff ic ient means of improving
the image qual i ty with object ives of high
numer ica l  aper tu re  i s  the  pr inc ip le  o f  immer-
s ion .  l t  cons is ts  in  us ing  a  l iqu id  be tween the
specimen and the front surface of the objec-
t ive, which i f  possible should have the same
optical  propert ies as the glass of the front
lens (homogeneous immersion).  In accord-
ance w i th  the  fo rmula

d -
N . A .  n  ' s i n  o

w
,&

th is wi l l  a lso increase the resolving power by
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the factor n, an advantage which today is
f  requent ly considered as the pr imary purpose
of  immers ion .

Since an object ive can be far better cor-
rected for homogeneous immersion than a
dry system of ident ical  focal length and nu-
merical  aperture, i t  may also be of advantage
to use the immersion method with systems of
longer focal length. This gives object ives
permi t t ing  a  h igher  empty  magn i f i ca t ion  and
thus making i t  possible to cover a wide range
of resultant magnif icat ions by simple ex-
change of eyepieces.

Another advantage of the immersion me-
thod is that nei ther the cover-glass surface
nor the front lens of the object ive ref lect any
l ight so that for cr i t ical  work the image is of
cons iderab ly  h igher  cont ras t  than w i th  an
otherwise equivalent dry object ive.

Since the opt ical  character ist ics of the
immersion l iquids have to be taken into ac-
count in the computat ion of the object ives,
simi lar to those of the cover glass, i t  is
essent ial  to use only the prescr ibed immer-
s ion  o i l .  Th is  i s  a l l  the  more  impor tan t  as  the
pr inc ip le  o f  r igorous  homogene i ty  has  been
abandoned with many of the highly developed
immersion object ives present ly in use.

Instead of the usual oi l  ( refract ive index
no [20o C]  :  1 .515) ,  water  (no  :  1 .333)  o r
glycerin (no :  1.455) are occasional ly used
as immers ion  med ia  fo r  spec ia l  purposes .
Water immersion is used for examining ob-
jects in water.  Glycerin is used i f  for some
reason the object ive front lens and the cover
glass are made of amorphous quartz and
approximate homogeneity is desired.

Object ives designed for homogeneous
immersion may be used with covered or un-
covered specimens. The cover-glass thick-
ness is natural ly of  no importance with these
systems. l t  is di f ferent with present-day im-
mersion object ives, in which the pr inciple of
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homogeneity has been abandoned. This point
should be remembered i f  immersion objec-
t ives computed for covered specimens are
also employed for v iewing smears which are
left  uncovered to save trouble. This is nor-
mal ly the case in the examinat ion of blood
and bacter ia smears. Whi le the sl ight de-
gradat ion of the image thus produced may
st i l l  be tolerable for rout ine work, the trouble
of covering the specimen should def ini tely
no t  be  shunned in  c r i t i ca l  work  where  fu l l  use
is made of the high performance of the ob-
ject ive. l t  is t rue that the lack of a cover glass
can be made up by other means, such as the
use of immersion oi l  of  higher refract ive in-
dex-no  20oC :  1 .52  ins tead o f  1 .515-or  by
increasing the tube length, but who wants to
use two di f ferent types of immersion oi l  and
where can a microscope be found today in
which the tube length can be increased up to
25 mm ! Final ly,  cbject ives special ly corrected
for uncovered specimens, as normal ly em-
ployed for ref lected-l ight work, may also be
used for this purpose.
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classification of objectives The different types of objectives are

general ly classi f ied in accordance with the
degree to which their  aberrat ions have been
corrected, their  designat ion indicat ing chro-
matic correct ion f i rst .  This also automatical ly
const i tutes a classi f icat ion according to the
technical  means required for achieving their
respect ive degrees of correct ion and hence
their  pr ice categories.

We dist inguish between the fol lowing cor-
rect ion categories:
ach romatic object ives,
sem i-apoch romatic object ives,
apoch romatic object ives.

In their  or iginal  form, al l  object ives in
these three categories exhibi t  f ie ld curvature
which increases considerably with decreas-
ing focal length. As long as they were
primari ly used for v isual observat ion, this
was not fel t  as a ser ious drawback, because
any desired point in the f ie ld of v iew could
easi ly be focused with the aid of the f ine ad-
justment.  However,  s ince the techniques of
photomicrography have assumed such im-
portance, new types of object ives have had to
be developed in which the curvature of the
f ield is el iminated to a suff ic ient degree, in
addit ion to the other aberrat ions. Years of
computat ion were required to solve this
extraordinari ly di f f icul t  problem in a sat is-
factory manner.  In 1938 our f i rm intro-
duced the f i rst  object ives giving a f lat  f ie ld,
under the designat ion Planachromats. ln the
meantime, count less improvements have
been made in these object ives.

As a result  of  this unt i r ing work, a state
has now been reached which permits not only
achromats but also apochromats to be made
as flat-field objectives. Thus the aforemen-
t ioned three categories of object ives are
supplemented by those of the
Planachromats and the
Planapochromats.
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These can be suppl ied both as dry objec-

t ives and immersion object ives. There are
object ives corrected for the observat ion of
cover-glass specimens and others for use
with uncovered specimens. Whi le the objec-
t ives corrected for covered specimens are
mounted and parfocalized so that they may
be used for t ransmit ted- l ight work, the objec-
t ives for uncovered specimens are-with few
except ions-designed for use in conjunct ion
wi th  ver t i ca l  i l l umina tors .

To sat isfy the special  requirements which
have to be made for observat ion by polar ized
l ight (strain-free components, provision for
accurate center ing of object ives),  object ives
in center ing mounts are suppl ied, the opt ical
components of which are manufactured and
mounted with special  precaut ions to guaran-
tee complete freedom from strain (POL ob-
ject ives).

In pr inciple, pract ical ly al l  object ives can
be equipped with phase plates for use of the
Zernike phase-contrast method. Our manu-
factur ing program includes a wide choice of
such object ives.

Our opt ical  designers are today using the
most advanced techniques and the latest
glass types. They are constant ly str iv ing to
f ind the best for the microscope opt ics we
manufacture. the best that can be achieved
with the means present ly at our disposal.  The
use of highly perfected glass types may, how-
ever,  occasional ly have the disadvantage
that a greater sensit iv i ty to acids and water
vapor is unavoidable. l t  is obvious that this
appl ies above al l to the most highly corrected
and therefore most expensive types of objec-
t ive- i f  only in a few cases. Al lowance for this
fact can be made by using only the less cost ly
object ives for work with acids.

A lens error which has a very important
inf luence on the sat isfactory imaging of a
visual f ie ld of a certain extension is the chro-
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matic di f ference of magnif icat ion. Ever since
Abbe's t ime, this error has general ly not been
corrected in the object ive but by means of an
eyepiece having an error of ident ical  magni-
tude but opposite direct ion. Such eyepieces
are called compensating eyepieces. ln order
that a single ser ies of eyepieces may be suf-
f ic ient-a fact which is today considered in-
dispensable in the interests of easy operat ion
of the microscope by less experienced per-
sonnel-al l  our object ives have the same
lateral  chromatic aberrat ion. The fact that
this is the case with al l  our object ives ensures
that the user of our microscopes need not
bother about which type of eyepiece to use
for a certain object ive. Any of our eyepieces
wil l  do. However,  our object ives should never
be combined with eyepieces of another make
if  a more or less ser ious loss of image qual i ty
is to be avoided.

The di f ferent categories of object ives are
d ist i  ngu ished by the fol  Iowing character ist ics :

Achromats Achromats are lens combinat ions in which,
to keep the pr ice down, only the back focal
distances for the colors blue and red of the
spectrum have been made equal.  This gives
the most favorable correct ion for the br ightest
region of the spectrum. ln this region, spheri-
cal  aberrat ion and sine coma as wel l  as
ast igmatism have, of course, been el iminated
as far as necessary or feasible with the means
avai lable at this pr ice level.  The residual
chromatic aberrat ion in this type of object ive
can be  seen under  ob l ique i l lumina t ion  as
violet and yel lowish-green color f  r inges
around dark object detai ls.  Under straight
i l l umina t ion  and w i th  the  spec imen out  o f
focus, i t  appears as a weak violet  cast above
the plane of sharp focus and as a weak yel-
lowish-green cast below that plane. These
secondary colors are al l  the more pro-
nounced, the better the other aberrat ions
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have been corrected. Al together,  however,
they are general ly not bad enough to disturb
visual observat ion.

The focal lengths of achromatic objec-
t ives are chosen so that the upper l imit  of
usefulmagnif icat ion can be reached with eye-
pieces of relat ively low power. Eyepieces of
h igher  magn i f i ca t ion  than 12 .5x  shou ld
therefore not be used, or only in except ional
cases, e. g.  for measuring and count ing.

Achromatic object ives are employed for
rout ine work, for equipping teaching micro-
scopes and for al l  appl icat ions in which cr i t i -
cal  observat ion is not required. l f  due al low-
ance is made for their  character ist ics,  these
object ives may also be used for photomicrog-
raphy, even for color photography. We now
only manufacture achromats in simple mounts
and exclusively for t ransmit ted l ight.

Planachromats Planachromats are objectives of improved
chromatic correct ion. in which the curvature
of f ie ld has been el iminated pract ical ly en-
t i rely even for the largest f ie ld of v iew en-
countered in the microscope. This,  of  course,
requires a much greater out lay which results
in  a  cor respond ing ly  h igher  p r ice .  Due to  the
importance of f ie ld f lat tening for v iewing
po l ished spec imens under  ver t i ca l  i l l u -
minat ion, almost al l  our object ives for this
type of work are Planachromats. They are
then cal led EPIPLAN object ives and should
be used together with Kpl eyepieces.

For ref lecied- l ight microscopy we have
1.  EPIPLAN ob jec t ives  fo r  b r igh t - f ie ld  i l l u -
mina t ion ,  by  wh ich  the  i l l umina t ing  l igh t  i s
transmit ted to the specimen via a ref lect ing
means (plane glass or pr ism) through the ob-
jective. The objective acts as its own con-
denser.
2. EPIPLAN HD object ives for br ight{ ield
and dark - f ie ld  i l l umina t ion .  Br igh t - f ie ld  i l l u -
minat ion is attained as described above. In
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dark- f ie ld  i l l umina t ion  the  t igh t  i s  gu ided pas t
the object ive and concentrated in the spe-
cimen plane by means of concentr ic mirrors
or concentr ic lens systems. The concentr ic
mirrors or lens systems are combined with
the object ive to form one unit .

NEOFLUARS Using f luor i te instead of crown glass, mi-
croscope object ives can be bui l t  which are
dist inguished by considerably improved cor-
rect ion of aberrat ions al though they have the
same number of lens elements as achro-
matic object ives. The design we use for our"NEOFLUARS" and which can be traced
back to R. Winkel comes very close to the
correct ion of apochromatic object ives. Only
secondary color has not been completely
el iminated al though i t  is far less not iceable
than with the achromats. l t  is obvious that the
I im i ted  number  o f  lens  e lements  used in  the
NEOFLUARS does not al low a correct ion for
f ie ld curvature. However,  the low number of
glass-to-air  surfaces in these object ives
ensures a minimum of f lare so that they pro-
duce images of surpr is ingly high contrast.
The excel lent correct ion of NEOFLUARS
makes i t  possible to achieve considerably
higher numerical  apertures than in achro-
matic object ives. Thus the N.A. of NEOFLUAR
objectives-insofar as they are dry systems-
is 15 to 30 o/o above that of normal achromats
of ident icat focat tength ( tabtes 8-10).
NEOFLUARS may therefore be combined

y,'*#'*":","#",{J'fi5:?iJ;:iT,:H:11
lar ly wel l  sui ted for phase-contrast work.

Planapochromats With the aid of special glass types, which
were then new, and f luor i te,  Abbe was the
f i rst  to succeed, in the eighteen-eight ies, in
computing object ives of equal back focal
distance for more than two colors and, at the
same t ime, far-reaching correct ion of the
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Transmission of  ULTRAFLUARS

ULTRAFLUARS

other aberrat ions as wel l .  Abbe announced
this new type of object ive, which he cal led
apochromat,  on July 7, 1886. Ever since, i t
has been cont inual ly improved and today i t
is so highly developed that further improve-
ment appears hardly possible, al l  the more so
as i t  now gives a perfect ly f lat  f ie ld without
sacr i f ic ing any of i ts other character ist ics.
Since this has become possible we only
manufacture f lat- f ie ld apochromats, which we
cal l  "Planapochromats".  Owing to the apo-
chromatic correct ion of these object ives'
residual chromatic aberrat ion can no longer
be recognized in the image. l t  is,  of  course,
necessary to use suitable eyepieces which
compensate for the chromatic di f ference of
magnif icat ion.

The numerical  aperture of our Planapo-
chromats has been increased to a few per
cent above that of  the NEOFLUAR object ives.
They thus represent the ul t imate in perform-
ance that is possible today-and probably
that is possible at al l .  As a result ,  these ob-
ject ives are used whenever maximum resolu-
t ion is required for extremely cr i t ical  work.
I t  is obvious that they are superior to al l  other
types of object ive in color photomicrography.
Planapochromats should always be com-
bined with Kpl eyePieces.

ULTRAFLUARS are special-purpose ob-
ject ives designed so that the ul traviolei  l ight
is also used for image formation in the micro-
scope. They must therefore contain only
mater ial  the transmission of which is suff i -
c ient for the desired range f  rom 400 m,a down
to about 2O0mp^ Glass cannot be used forthis
purpose. Only amorphous quartz and f luor i te
are sui table. Since for many years i t  seemed
impossible to achieve chromatic correct ion-
even just for a smal l  region of the spectrum-
with the aid of these two mater ials alone, so-
cal led "Monochromats" were at f i rst  intro-



29

Objective
mounts

duced, which were corrected for only one
wavelength. Only recent ly have our opt ical
designers accomplished the feat of  comput-
ing a ser ies of object ives of excel lent chro-
matic correct ion over the very large spectral
region from 230 m4 to 700 m4. Since then we
have been making only one series of objec-
t ives for ul t raviolet microscopy. We cal l  them
ULTRAFLUARS. We do not manufacture any
monochromats or even ref lect ing object ives,
because these offer no advantages over
ULTRAFLUARS, but only have disadvan-
tages.

Trans i l luminat ion  ob jec t ives  have the
standard W 0.8"X1/zd" thread for screwing
into the revolving nosepiece or single nose-
piece. The high-power systems, which may
touch the cover glass, are equipped with
resi l ient mounts which give way i f  they knock
aga ins t  the  spec imen.  Th is  guarantees  ade-
quate protect ion of both the specimen and
the object ive front lens. The mount of the
immersion object ives-except the achromats
-can be locked in retracted posit ion so
as to faci l i tate appl icat ion of the immersion
l i q u i d .

In view of the Iarge number of object ives
with di f ferent character ist ics which we manu-
facture i t  has been found convenient to make
them dif fer external ly as wel l ,  so that the user
wi l l  recognize aI a glance what type of ob-
ject ive he has before him. They are there-
fo re  ident i f ied  by  the  co lo r  and f in ish  o f  the
mount,  as wel l  as i ts engraving (see table 3).

F io  u  r e :
Cr-oss-sect ion dlagram of  Planapochromat,  100x,1.3 N.A.,  o i l ,
wi th object  and f ront  lens protect ion.
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Objective mounts Table 3

Chromium-p la ted  Co lor
Objective type Upper part of mount lower part of en- Engraved

belt-pol ishe6 black

Planachromats black glossy white P lan .  EPIPLAN
NEOFLUARS chromium-plated,

belt-pol ished belt-pol ished black NEOFLUAR

Planapochromats
ULTRAFLUARS

chromium-plated,
glossy glossy

white P lanapo
black ULTRAFLUAR

lmmersion systems are dist inguished
from dry object ives by a black or colored r ing
at the lower end of the mount.  In addit ion, the
immersion medium indicated by the color of
the r ing is also ident i f ied by an abbreviat ion
after the object ive data. The fol lowing colors
and abbreviated designai ions are used on
immersion object ives:

lmmersion objectives Table 4

lmmers ion
medium
o i l
Water
Glycerin
Methylene iodide

Color
of r ing
black
white
orange
yel low

Designation
Oel
W
Glyz
Methylenjodid

Apart f rom the trade mark, our object ives
are eng raved f  i rst  of  al  I  with a f  igu re ind icat ing
the scale at which the real intermediate image
is reproduced atthe object- to- image distance
f ixed for our microscopes, i .  e.  the ini t ia l
magnif icat ion (e. g.  25),  then-after a stroke-
the value of the numerical  aperture (e. g.  45).
Below these two f igures there may be ad-
di t ional data indicat ing the mechanical  tube
length or the cover-glass thickness for which
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the object ives are corrected, as wel l  as the
ser ia l  number .

The mechan ica l  tube length  in  a l l  our  mi -
croscopes is 160 mm. On object ives sensit ive
to deviat ions from the prescr ibed cover-glass
thickness, the cover-glass thickness for which
they are corrected fol lows the f igure 160 after
a stroke.

lndicat ions referr ing to cover-glass thick-
ness  have the  fo l low ing  mean ing :
"0.17" the object ive is sensit ive to devia-

t ions from a cover-glass thickness of
0 . 1 7  m m .
the object ive may be used with or
without cover glass.

"0" the object ive should only be used
without a cover glass.

Special  object ives, e.  g.  those containing
strain-free lenses for polar ized-l ight micro-
scopy, phase-contrast object ives, etc. ,  are
ident i f ied by the abbreviat ions l isted in the
fo l low ing  tab le :

Tab le  5

Abbreviat ion Meaning

corrected for use with uncovered specimens
Phase-contrast objectives

P h l
Ph 2 (red)
P h 3

Use annular  d iaphragm 1 I
Use annular  d iaphragm 2 |
Use annular  d iaphragm 3 J

of phase-contrast condenser

Pol (red) Object ive for polar ized-l ight microscopy
HD Object ive for ref lected-l ight work using br ight- f ie ld or dark{ ield i l luminat ion
Epi Object ive for ref lected-l ight microscopy

Since the engraving on the object ives is
often in a posit ion where i t  cannot be seen
once these have been screwed into the mi-
croscope, our object ives have colored r ings
at the lower end of the funnel,  which are
v is ib le  in  any  pos i t ion  and ind ica te  the  in i t ia l
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Color code for initial magnification

magnif icat ion of the object ive. This color
code, which is independent of the type of ob-
ject ive, is explained in the fol lowing table.

Table 6

ln i t ia l
magn i -
f icat ion 1 X 2 . 5 X 4 X 6.3 x 8 i 1 0 x  1 6 x 25X 4 0 x 63x 80/100x

br iqht  dark
.  ,  wn l t e

D I U E  O I U E

. .  b r i oh t
vel low- greeno rang e

dark
green

Color
of r ing

ZEISS objectives for photomicrography
LUMINARS

In the compound microscope, the object
f ie lds that can be recorded photomicrogra-
phical ly for low-power work are of l imited
size, in the case of our instruments a maxi-
mum 7.  .  .8  mm.  Th is  i s  due to  the  fac t  tha t  i t
is possible neither to achieve a suff ic ient ly
smal l  scale of reproduct ion in a compound
microscope, nor to magnify the port ion of the
aerial  image covered by the eyepiece beyond
the l imit  imposed by the clear diameter of
the tube. l f  larger object f ie lds are to be
photographed at smal l  scales and with a f lat
f ie ld,  we may only use a single magnif icat ion
stage, i .  e.  an image of the specimen must be
formed direct ly on a l ight-sensit ive emulsion
by means of an object ive of sui table focal
length. Where high image qual i ty is required,
special ly developed systems are used the
design of which is simi lar to that of  photo-
graphic lenses. ln addit ion, i t  is advisable to
employ a camera of var iable extension. To
cover a wide range of image scales, we need
a series of such "photomicrographic objec-
t ives" with careful ly selected focal- length in-
crements. These increments depend on the
degree to which the camera extension can be
varied. Of course the extension is always
l im i ted .

We manufacture such photomicrographic
object ives under the designai ion LUMINARS.
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Accessories are avai lable which al low

these object ives to be used on our large
camera microscope ULTRAPHOT, which can
be equipped for any type of microscopic and
photomicrographic work, as wel l  as on our
PHOTOMICROSCOPE and the UNIVERSAL
research microscope. For further detai ls,  see
the operat ing instruct ions for these instru-
ments.

LUMINARS are always used without eye-
pieces. The shorter focal lengths (16, 25 and
40 mm) may occasional ly also be combined
with eyepieces and used l ike ordinary micro-
scope object ives. In this case, however,  eye-
pieces must be chosen to match the correc-
t ion of the LUMINARS. Suitable types are the
eyepieces of our stereomicroscopes and C-
type eyepieces.
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Types of eyepiece As was mentioned in the introduct ion

(page B),  the eyepiece is designed to present
to the eye the object detai l  resolved by the
object ive and contained in the real inter-
med ia te  image under  a  v iewing  ang le  wh ich
is suff ic ient ly large for easy recognit ion. This
alone could be achieved with a simple con-
verging lens, but no inf luence could be
exerted on aberrat ions. l f  th is is desired,
such single-element eyepieces wi l l  have to
be replaced by more complex systems.

In pract ice, however,  these can be made
only with relat ively short  focal Iengths, be-
cause on the one hand their  diameter
increases sharply with growing foeal length,
whi le on the other the exi t  pupi l  of  the micro-
scope-i .  e.  the image of the object ive aper-
ture formed by the eyepiece, which repre-
sents the plane where the observer 's eye
pupi l  must be located-is moved to an incon-
venient ly long distance away from the eye-
piece lens. Both these drawbacks are el imi-
nated by construct ing the eyepieces f  rom two
more or less widely spaced components.
one of which is located near the aerial  image.
Here i t  af fects pr imari ly the imaging of the
pup i l ,  wh i le  the  second component  takes
over the eyepiece funct ion proper,  v iz.  that
of magnify ing. The f i rst  component is cal led
the  "co l lec t i ve  o r  f ie ld  lens" ,  the  second the
"eye lens".  The f ield lens may be located
before, in or behind the real intermediate
image. l f  i t  l ies before the aerial  image, i t
wi l l  reduce the lat ter by a certain degree and
shif t  i t  towards the object ive. Eyepieces of
this type are cal led Huygenian eyepieces. l f
the f ie ld lens is located behind the real inter-
mediate image, then, of course, i t  does not
modify the lat ter.  This is part icular ly favor-
able for the purpose of measurement with the
aid of micrometer disks arranged in the image
plane. Eyepieces of this type are cal led
Ramsden eyepieces.
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Huygenian eyepieces result  in a shorter

overal l  length of the microscope than eye-
pieces of the Ramsden type. With short  focal
lengths, however,  the lat ter type al lows the
exit  pupi l  to be located further away from the
eye lens. This is why eyepieces of long focal
length are usual ly designed on the Huygens
principle, those of short  focal length on the
Ramsden pr inciple. The two components
cons is t  o f  s ing le  e lements  on ly  in  the  s imp les t
types of eyepiece. Several  elements are in-
var iably required per component i f  any in-
f luence is to be exerted on the aberrat ions of
the eyepiece i tsel f  or the residual errors in
the image produced by the object ive. Thus i t
has been general  pract ice ever since the t ime
of Abbe to compensate for a rather trouble-
some error frequent ly exhibi ted by the ob-
ject ive image and di f f icul t  as wel l  as cost ly
to correct in the object ive-the chromatic
di f ference of magnif icat ion-by using eye-
pieces which exhibi t  the same but opposite
aberrat ion. In addit ion, at tempts have occas-
ional ly been made to reduce f ield curvature
by means of the eyepiece. Eyepieces com-
pensat ing for lateral  chromatic aberrat ion are
known as compensating eyepieces.

To faci l i tate the use of our microscopes,
we have computed al l  our object ives so that
the chromatic di f ference of magnif icat ion in
the real intermediate image they produce is
always the same. We can therefore be con-
tent to supply compensat ing eyepieces which
make up for this degree of lateral  chromatic
aberrat ion. This matching of object ive and
eyepiece correct ion, introduced in the inter-
ests of our customers, is ihe reason why we
have to warn our customers against using
eyepieces of other manufacture with our ob-
ject ives.

The eyepieces for our stereomicroscopes,
however,  are not designed on the pr inciple
explained above. They have no compensat-
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ing effeci ,  because in stereomicroscopes the
opt ical  systems of the f i rst  magnif icat ion
stage are also free from lateral  chromatic
aberrat ion. These eyepieces therefore cannot
be combined with the usual microscope ob-
ject ives.

Intermediate systems changing
the magnif icat ion During pract ical  use of the microscope,

a change of magnif icat ion by means of
changing eyepieces is frequent ly considered
inconvenient and troublesome, because ihe
eyepieces not being used at the moment are
detached parts which may get lost or
damaged. To counter this disadvantage'
magnif icat ion-changing systems have been
inserted between the object ive and the eye-
piece of the microscope. These may ei ther
be designed for a stepwise change of magni-
f icat ion-which would correspond to a change
of eyepieces-or as cont inuously var iable
systems. ln the latter, however, a more or
less not iceable loss of image qual i ty is un-
avoidable. We have therefore adopted the
system of changing the magnif icat ion by
steps.

l f  only two al ternat ive magnif icat ions are
required-which is general ly considered suf-
f ic ient for teaching and laboratory micro-
scopes used for rout ine work, for instance-
then the magnification changer may be used.
This is a two-component system mounted so
that i t  can be inserted into the l imb top of our
STANDARD microscopes (STANDARD K' R
or  WL) .  For  th is  purpose the  l imb top  is
equipped with a spindle which can be rotated
through 90o and on which the magnif icat ion
changer is secured by means of a coaxial
screw. This arrangement offers the advan-
tage that the magnif icat ion changer is nor-
mal ly f i rmly attached to the microscope, but
can be removed if necessarY.

The fol lowing magnif icat ion changers are
ava i lab le :
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0 . 8 x ; 1 x ,  1 x : 1 . 6 x ,  1 x Z 2 x  ( s e e

Sect ion on f ie ld-of-view number and size of
ob jec t  f ie ld ) .

When the  magn i f i ca t ion  changer  i s  se t  in
the  proper  pos i t ion ,  the  to ta l  magn i f i ca t ion
computed f rom the  in i t ia l  magn i f i ca t ions  o f
object ive and eyepiece wi l l  be changed by
the corresponding factor.

l f  a  rap id  change o f  magn i f i ca t ion  in  more
than two steps is desired, i t  is necessary to
employ a more compl icated opt ical  system
such as that contained in our OPTOVAR.
Here  the  aer ia l  image produced by  the  ob-
ject ive is f i rst  shi f ted to inf ini ty by means of
a lower Telan lens of negat ive power. This
image is then viewed through a telescope
system mounted above i t .  In the present
case, the telescope system consists of an
upper Telan lens of posi t ive power mounted
at the lower end of the tube and represent ing
the telescope object ive, and the usual micro-
scope eyepiece. The two Telan lenses are
he ld  by  the  upper  and lower  wa l ls  o f  a  cy l in -
d r ica l  hous ing .  The la t te r  i s  des igned so  tha t
smal l  Gal i lean telescopes can be inserted in
the space between the two Telan lenses. For
th is  purpose,  the  te lescopes are  mounted on
a revolving disk which can be control led from
the outside. The magnify ing factors to be
ach ieved are  ident ica l  w i th  the  magn i f i ca t ion
of the telescope systems. Apart  f rom the
factor 1, which is effect ive i f  no telescope is
in the l ight path, the OPTOVAR can be set for
1 . 2 5 x ,  1 . 6  x  a n d  2 X  o r  0 . 8  x  ,  1 . 2 5 x  a n d  1 . 6  x
magnif icat ion with the aid of telescopes. In
addit ion, another system can be moved into
the l ight path, which has the effect of  a
Bertrand lens and permits the exi t  pupi l  of
the object ive to be viewed, for instance for
observing interference patterns, for center-
ing  the  annu lar  d iaphragm in  re la t ion  to  the
phase p la te  annu lus  in  phase work ,  o r  fo r
checking the stopping down of the object ive.



38
This image-forming system for pupi l  ob-

servation may also be used to advantage for
produc ing  an  on ly  s l igh t ly  magn i f ied  image
of the specimen, i f  i t  is desired to scan the
specimen for general  or ientat ion. ln this case
its magnif icai ion factor is approx. 1.25.

Intermediate magnif icat ion-changing sys-
tems are l isted in table 36 on page 88.

Field-of-view number and size of object field Magnification-changing systems are a
convenient means of varying the size of the
object f ie ld covered for a certain f ie ld-of-
view number of the eyepiece without chang-
ing any mechanical  dimensions of the micro-
scope. l f  the scale of the real intermediate
image is increased by means of such an inter-
mediate system, a smal ler object f ie ld wi l l  be
covered. On the other hand, i f  the scale of
the real intermediate image is reduced, the
objeci  f ie ld wi l l ,  of  course, be larger '  The
latter is undoubtedly an advantage in al l
cases where many specimens have to be
scanned. The only drawback is that the total
magnif icat ion is reduced by the same factor
by which the scale of the intermediate image
is changed. This disadvantage, though, can
easi ly be offset by a higher-power eyepiece
which should, however,  have the same f ield-
of-view number as the one or iginal ly used.

An example may serve to i l lustrate this:
Combin ing  a  10x  ob jec t ive  and a  10x

eyepiece with a f ie ld-of-view number of 16,
a n  o b j e c t  f i e l d  S  o f  1 6 : 1 0 : 1 . 6  m m  w i l l  b e
covered under a total  magnif  icat ion of 100 X '

Insert ing an intermediate system with a
factor of 0.8 wi l l  increase the object f ie ld by
-the reciprocal factor,  s ince we have

1 6  1 6= 1 0 . 0 € :  
B : z m m '

l f  we wish the total  magnif  icat ion to remain
unchanged, instead of the 10x eyepiece we



39
shall have to use an eyepiec" 

ff i 
= 12.5x

which  a lso  has  a  f ie ld -o f -v iew number  o f  16 .
Fur ther  magn i f i ca t ion  o f  the  ob jec t  f ie ld  i s
possible i f  eyepieces with increased f ield-of-
view numbers, so-cal led wide-angle eye-
p ieces ,  a re  employed.  Subs t i tu t ing  10X or
12.5x wide-angle eyepieces with a f ie ld-of-
v iew number  o120 fo r  the  ord inary  eyep ieces ,
the above example can be wri t ten as fol lows:

Without intermediate svstem
20

S  = * : 2  m m .
I U

With 0.8 X intermediate svstem
20

" - 1 0 ' 0 . 8 -

In  o ther  words ,  the  same ob jec t  f ie ld  i s
covered under  100X to ta l  magn i f i ca t ion  as  i f
a  10X eyep iece  w i th  a  f ie ld -o f -v iew number
of 25 were used.

Wide-angle eyepieces have been de-
veloped for the observat ion of larger f ie lds-
of-view. The fol lowing table l ists the eye-
pieces and their  f ie ld-of-view numbers. The
* image d iameter  g iven  in  the  th i rd  co lumn is
based on the convent ional object distance of
250 mm. l t  is the product of the f ie ld-of-view
number  and the  eyep iece  magn i f i ca t ion .

Tab le  7

: 2 . 5  m m .

K p l Field-of-view
Wide-ang le  eyep iece  number  lmage d iameter*

12.5x 250 mm
1 6 X t o 256 mm

Mounts and ident i f icat ion of eyepieces As is usual,  the lenses of the eyepiece
systems are housed in relat ively simple
mounts .  These in  tu rn  a re  conta ined in  a  tube
f i t t ing into the upper end of the microscope
lube with the eye lens at the top and the f ie ld
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lens at the bottom. The mount of the eye lens
is designed so that i ts project ing edge may
be gr ipped. The f ield lens is ei ther located
right in the eyepiece tube or l ikewise con-
tained in a special  mount ing r ing. The eye-
p iece  tube or  mount ing  r ing  has  a  female
thread of M 22X 0.5 into which l ight f i l ters or
other accessories may be screwed, as re-
qu i red .

The outside diameter of the eyepieces is
standardized. This standard diameter is
tradi t ional in the normal microscope. l t  is
23.2 mm. In our stereomicroscopes a stand-
ard diameter of 30 mm has been adopted. ln
addit ion, the diameter of the eye-lens mount
of al l  our eyepieces conforms to the German
DIN Standard 58,881 to facilitate the attach-
ment of accessories. Consequent ly,  the eye-
lens mount diameter of al l  our eyepieces is
28  mm.

As is the general  pract ice today, the
magnif icat ion of the eyepieces is indicated
by a f igure fol lowed by " x " .  Letters before
the magnif icat ion mark the type of eyepiece.
Since we manufacture only compensat ing
eyepieces, such an ident i f icat ion would nor-
mal ly be superf luous. However,  our eye-
pieces of higher power are so designed that
they produce a f lat  f ie ld,  which is not neces-
sary for the low-power systems. The latter
are therefore marked C (compensat ing eye-
pieces) to dist inguish them from the former
marked Kpl (compensat ing f  lat- f ie ld eye-
pieces).

The fact that the eyepieces are used to
view a real image may be ut i l ized to make a
sharp image of a ret icule, graduat ion and
other f igures or pointers vis ible together with
this object image. These f igures are en-
graved on glass plates (micrometer disks)
which are inserted in the diaphragm plane of
the eyepieces. However,  s ince they wi l l  not
necessari ly be seen sharply with normal eye-



41
pieces, above all if the eye of the observer is
not free from visual defects, eyepieces with a
focusing eye lens are used for this purpose.
In addit ion, these eyepieces are designed so
that the micrometer disk can be easi ly, in-
serted and will be centered once it is in
posit ion. The micrometer disks normal ly
suppl ied by us are I isted on page 75.

For polarized-light microscopy the cross-
hairs marking the center of rotat ion of the
stage must be very accurately centered.
Since this cannot be achieved by the mere
insert ion of crosshair  disks, we manufacture
special eyepieces with accurately adjusted
crosshairs or crosshair  micrometer disks for
this purpose.

For critical work, partly for very special
measuring or count ing problems, we also
manufacture a great variety of special-
purpose eyepieces which are listed after the
ordinary eyepieces.
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ln microscopy self- luminous objects are

rarely encountered, in fact only in f luorescent
work. In general ,  the objects to be examined
under  the  mic roscope must  be  su i tab ly  i l l u -
minated to al low their  detai ls to be imaged
and viewed. Either incident or t ransmit ted
l igh t  may be  used fo r  i l l umina t ion ,  and in  bo th
cases ei ther the br ight- f ie ld or the dark{ ield
method may be employed. In the former, an
image of the l ight source is formed in the ob-
ject ive aperture, whi le in the lat ter this is not
the case.

Wi th  a  per fec t  b r igh t - f ie ld  i l l umina tor  the
aforementioned source image should f i l l  the
object ive aperture completely,  because only
then can the ful l  aperture of the object ive be
ut i l ized, i f  necessary. In addit ion, the object
f ie ld reproduced should, of  course, be com-
p le te ly  and even ly  i l l umina ted .

When using high-aperture object ives, a
source image of suff ic ient s ize can be
achieved only with very large l ight sources.
However,  s ince the size of the l ight sources
general ly used today is l imited, i t  must be
magnif ied by opt ical  means. This is done
with the aid of a lens system located near the
specimen, the so-cal led condenser.

The l ight source to be magnif ied must be
brought as close to the focal plane of ihe
condenser as possible so that i ts magnif ied
image wi l l  be produced at a suff ic ient dis-
tance from ihe specimen. Otherwise the
ang le  o f  inc idence o f  the  penc i l s  o f  rays  i l l u -
minat ing the object points wi l l  vary great ly in
the center and the outer f ie ld,  thus producing
increas ing ly  ob l ique i l lumina t ion  iowards  the
edge of the image so that the image char-
acter wi l l  no longer be homogeneous. Since
it  is not normal ly possible to locate a l ight
source in the condenser focal plane due to
the heat i t  generates, the source is arranged
at an appropriate distance from the micro-
scope and a  source  image f i l l i ng  the  con-
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denser aperture is formed in the condenser
focal plane with the aid of another lens
system, the lamp condenser.  This offers the
fol lowing addit ional advantages :

The effect ive area of this image can be
reduced by  means o f  an  i r i s  d iaphragm,  wh ich
is  a  conven ien t  means o f  con t ro l l ing  the  i l l u -
minat ing aperture. Such an aperture i r is is
pract ical ly always permanently attached to
the  condenser .

I t  is easy to achieve a very homogeneous
i i luminat ion  o f  the  ob jec t  f ie ld  reproduced
by adjust ing the condenser so that i t  forms a
sharp  image o f  the  homogeneous i l lumina ted
aperture of the lamp condenser on the spe-
c imen.  An i r i s  d iaphragm in  th is  p lane ( lamp
field stop) makes i t  possible to match the size
o f  the  i l l umina ted  f ie ld  w i th  tha t  o f  the  f ie ld
imaged (Kiihler's method of il lumination).

In accordance with these general  obser-
va t ions ,  a  condenser  has  two func t ions  in  an
economic  br igh t - f ie ld  i l l umina t ing  se tup :
1 .  The condenser  must  be  capab le  o f  p ro-
duc ing  cones  o f  rays  fo r  i l l umina t ing  the  ob-
ject points,  the axes (pr incipal rays) of which
should as far as possible be paral lel  and per-
pend icu la r  to  the  spec imen p lane and whose
aperture can in certain cases be as large as
the aperture of the object ive employed.
2 .  The condenser  shou ld  fo rm a  h igh-qua l i t y
image o f  the  lamp f ie ld  s top  in  the  spec imen
p lane.

To sat isfy the f i rst  condit ion, a universal ly
appl icable condenser would have to have the
h ighes t  numer ica l  aper tu re  occur r ing  w i th
the object ives used (1.3-1.4).  However,  such
a h igh  i l l umina t ing  aper tu re  i s  ac tua l l y  used
only in rare cases in microscopic pract ice. In
fact,  to increase image contrast the i l luminat-
ing  aper tu re  shou ld  be  smal le r  than the  ob-
ject ive aperture. Experience has shown that
even in the case of immersion object ives with
the  ex t remely  h igh  aper tu re  o f  N.A.  !1 .4  an



44
i l l umina t ing  aper tu re  o f  less  than 1 .0  i s
general ly suff ic ient so that an N.A. 0.9 con-
denser wi l l  do in the great rnajor i ty of cases'
This offers the fol lowing advantages:

The correct ion of the condenser can be
improved without increasing i ts cost.

The focal length and obiect distance of
the condenser can be increased.

As a result ,  the condenser diaphragm can
more easi ly be arranged in the correct po-
si t ion, in the focal plane. The front lens need
not be connected to the specimen sl ide by
means o f  an  immers ion  l iqu id .

For reasons of pr ice, condensers are
general ly corrected only as far as is possible
at minimum expense. Especial ly when used
with higher apertures, i t  is therefore very di f-
f icul t  to achieve a sat isfactory image of the
lamp f ield stop with most condensers due to
their  spherical  and chromatic aberrat ions'  In
order  to  ob ta in  a  homogeneous ly  i l l umina ted
object f ie ld the lamp f ield stop must be
opened further than would normal ly be
necessary. However,  this is of  no importance
as long as image contrast is not impaired.

For cr i t ical  work and in conjunct ion with
high-performance object ives we recommend
that corrected condensers be used, which are
available in the form of achromatic-aplanatic
condensers.

With a lamp f ield stop of given diameter,
a condenser of a certain focal length wi l l
only i l luminate an object f ie ld of a certain
size. l t  is impossible to design condensers
suited for i l luminat ing al l  the apertures and
f ields of v iew used in pract ice. This can be
achieved only i f -as with the object ives-con-
densers of di f ferent focal length are em-
ployed. Many condensers are therefore de-
signed so that a relat ively short- focus con-
denser can be converted into a condenser of
longer focal length and lower maximum aper-
ture by removing i ts front lens or a front
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component.

For  th is  purpose the  f ron t  lens  is  e i ther
unscrewed or,  where this is technical ly feasi-
ble, swung out of the l ight path.

Al l  condensers are provided with the
mechanical  f i t t ings required for their  use.
The extent and design of these are indicated
in  the  fo l low ing  tab les .

The type of mount used to attach the con-
denser to the microscope depends on the
type o f  i l l umina tor  employed.

l f  the  l igh t  o f  a  separa te  i l l umina tor  i s
ref lected into the condenser by means of a
mi r ro r  o r  i f  an  in tegra l  i l l umina tor  w i th  a  su f -
f i c ien t ly  la rge  rad ian t  f ie ld  i s  ava i lab le  (e .  g .
low-voltage base i l iuminator or on-base i l lu-
minator),  the condenser need not be center-
ab le .

Wi th  our  mic roscopes,  the  s imp les t  des ign
consists of a condenser sleeve mounted
underneath the microscope stage, into which
the condenser is inserted.

When the condenser must be movable in
the axial  direct ion, however,  i t  is mounted on
a rack-and-pinion condenser carr ier.

In  a l l  our  la rge  mic roscopes (STANDARD,
WL,  UNIVERSAL,  PHOTOMICROSCOPE and
ULTRAPHOT) the low-voltage i l luminator
normal ly used as l ight source is permanently
attached to the microscope.

To a l low the  a fo rement ioned i l lumina t ing
techniques to be employed with suff ic ient ac-
curacy, a device had to be incorporated in
the  i l l umina t ing  sys tem wi th  the  a id  o f  wh ich
the  image o f  the  lamp f ie ld  s top  fo rmed in  the
specimen plane could be centered in relat ion
to the f ie ld reproduced by the microscope.
We thus provided for a displacement of the
condenser by means of two centering screws
on the condenser carr ier,  which act against
the force of a spr ing. This device also serves
to hold the condenser which is inserted into
i t  with a heat-treated dovetai l  r ing. The con-
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Dark-field il lumination

denser can here in any case be axially dis-
placed with the aid of the condenser carrier
to allow the image of the lamp field stop to be
focused in the specimen plane.

Z-type condensers are used with the con-
denser carr iers.

l f  dark - f ie ld  i l l umina t ion  is  used,  the  l igh t
from the condenser does not enter the ob-
ject ive direct ly.  Only the l ight di f f racted by
the  spec imen ( in  the  case o f  inc ident  i l l u -
minat ion, the l ight ref lected by the specimen)
enters the object ive and forms the image. As
a result ,  the areas in the f ie ld of v iew which
contain no object structures remain dark.

Wi th  dark - f ie ld  i l l umina t ion ,  the  spec imen
is  ac tua l l y  i l l umina ted  by  a  ho l low cone o f
l igh t ,  the  lowest  aper tu re  ( in te r io r  l im i t  o f
aperture) of which is larger than the numeri-
cal  aperture of the viewing object ive.

Dark- f ie ld  i l l umina t ion  requ i res  power fu l
l igh t  sources  and spec ia l  condensers .  lm-
mersion object ives of higher numerical  aper-
tu re  than 1  must  be  equ ipped w i th  an  i r i s  d ia -
phragm to al low their  aperture to be reduced.
Wi th  fu l l y  open i r i s  d iaphragm these ob jec-
t ives are employed for br i  g ht- f  ie ld i  |  |  u m i  nat ion.
Phase-contrast object ives are unsuitable for
darkj ield observat ion.

Dark- f ie ld  U l t racondenser Dry  dark { ie ld  condenser
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STANDARD WL research  mic roscope w j th  6  v ,  1S w in tegra l  i l l umina tor ,
pancra t ic  condenser ,  P lanachromats ,  OPTOVAR and Kp ' i  w ide-ang le  eyep ieces
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Objectives forthe
transm itted-l ight m icroscope

Achromats Tab le  8

Des ig  na t i  o  n

l n  i t  i a l
m a g n r -
f i ca t ion

Foca l
I  ength

N . A .  m m

Working Cover-glass
distance?) th ickness Catalog
mm mm No .

O Achromat ,3 .2x ,0 .07N.A. 3.2x 0.07 34.9 30 46 01 00
Achromat,  6.3x, 0.1 6 N.A. 6.5x 0.16 24.4 10.3 46 03 00

O Achromat ,10x ,0 .22  N.A. 10.2x 0.22 16.7 5.0 46 04 00
Achromat.  16x. 0.32 N.A. 16.2x 0.32 10.8 3.5 46 05 00
Achromat, 25x, 0.45 N.A. 25.4x 0.45 7.0 1 . 0 0.17 46 06 00

O Achromat ,40x ,0 .65N.A. 40.8x 0.65 4.5 0.47 0j7 46 07 00
Achromat, 63x, 0.80 N.A. 63.3x 0.80 3.0 0 j4  0 j7  46  08  00

Achromat, 40x, 0.75 N.A., waterl ) 40.4x 0.75 4.6 1 . 6 0.17 4617 02
Achromat,  40x, 0.85 N.A.,  oi l 40.0x 0.85 4.6 0.35 0j7 4617 06

Achromat,  40x, 0.85 N.A.,  oi l 39.2x 0.85 4.7 0.35 1.5 46 17 08

O Achromat  100x ,  1 .25  N.A. ,  o i l 98.8x 1 . 2 5 1 . 9 0 .09  0 j7  46  19  00
Achromat,  100x, 1.25 N.A.,  oi l ,  wi th i r is3) 98.8x 1 . 2 5 1 . 9 0.09 0.17 46 19 06

1)  For  Achromat ,  40x ,  0 .75  N.A. ,  water ,  a  c l ip -on  cap 461790 is  supp l ied .
, )  The work ing  d is tance is  the  c lear  d is tance be tween the  f ron t  lens  o f  the  ob jec t ive  used and the  spec imen (upper  sur face  o f  covet

g  lass) .
3 )  Ob jec t ive  w i th  i r i s  fo r  s topp ing  down the  aper tu re  in  dark - f ie ld  work .
4 )  Ob jec t ive  w i th  cor rec t ion  co l la r  can  be  used fo r  cover -g lasses  w i th  th ickness  f rom 1 .1  to  1 .5  mm.
5)  Spec ia l  ob jec t ive ,  e .  9 . ,  fo r  STANDARD UPL,  fo r  work  w i th  spec imen in  th ick -wa l led  chambers .
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Planachromats Table 9

I n  i t i a l
magn i -
f i ca t io  n

Foca l
length
m m

Working
d istance,)
mm

Cover-g lass
th ickness
m m

Cata log
N o .N . A

Des ignat ion

* Planachromat,  2.5x,0.8 N.A. 2.6x 0.08 54.5 8.7
* Planachromat 6.3x, 0.16 N.A. 6.26x 0 . 1 6 27j 4.9 46 03 10

O Planachromat,  tOx, OZZ tr t* 10.0x 0.22 15.8 4.8 460410
f Planachromat,  16x, 0.35 N.A. 1 6 . 1 x 0.35 10.4 2.7 4 6 0 5 1 0

Planach rom at, 25x, 0.45 N.A. 0.45 7.0  1 .4 0 . 1 7 4 6 0 6 1 0
O* Planachromat,  40x, 0.65 l{A 40.8x 0.65 4.13  0 .7 0 . 1 7 46 07  10

LD-PIanachromat,  40x, 0.60 N.A.,  corr.o;  3g.9x 4 .1 1 .1- '1 .546 07 1 5s)
f  P lanachromat  100x ,  1 .25  N.A. ,  o i t -100-6x

0
T

.60

.% 1 . 6 6
Planachromat,  100x, 1.25 N.A.,  oi l ,
wi th i r is3) 100.6x 0 . 1 7

1.5
0J9

0.091 . 6 6

0 . 1 7 4 6  1 9  1 0

1 . 2 5 4 6  1 9  1 6
General ly recommended for a ser ies oJ
O four object ives
+ f ive object ives
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NEOFLUARS Table  10

l n  l t i a  I
mag n  i -
f l ca t i  on

Foca l
I  ength
m m

Cata log
N o .N . A

Working Cover-glass
distancer)  th ickness
m m  m m

+ NEOFLUAR. 6.3x. 0.20 N.A. 6.4x 0.20 23.6 10.8 46ffi24
NEOFLUAR, 10x, 0.30 N.A. 10.2x 0.30 16.4 4.0 460420

+ NEOFLUAR,  16x ,  0 .40  N.A. 16 .1x  0 .40  10 .8 0.9 0 . 1 7 460520
NEOFLUAR, 25x, 0.60 N.A. 0.60 7.1 0 .54  0 .17 460620

+ NEOFLUAR. 40x. 0.75 N.A. 40.5x 0.75 4.5 0.33 0.17 4607 20
Plan-NEOFLUAR, 63x, 0.90 N.A.,
corr.4) 62.9x 0.90 2.7 0 .09  0 .11-0 .23  460812-9903
NEOFLUAR,  63x ,  1 .25  N.A. ,  o i l 62.6x 1.25 2,8 0.65 0j7 461820

+ NEOFLUAR, 100x,  1 .30 N.A. ,  o i l  100.0x 1.25 1.92  0 .24  0 j7 461920
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Planapochromats Tab le  11

Des ig  na t i  o  n

l n i t i a l
magn r -
f icat ion N . A

Foca l  Work ing  Cover -g lass
length  d is tancer )  t i ckness
m m  m m  m m

Cata log
N o .

Pianapochromat,  4x, 0.16 N.A. 4 . 1 x  0 . 1 6  3 5 . 1 2.5 460240
Planapochromat,  1Oxo 0.32 N.A. 10.0x 0.32 14.6 0.35 0 . 1 7 4604 40
Planapochromat,  25x, 0.65 N.A. 25.3x 0.65 6.3  0 j4 0 . 1 7 46 06 40
Planapochromat 40x, 0.95 N.A.,  corr.4\ 40.4x 0.95 4.25 0.09 0 . 1  1 - 0 . 2 3 4607 42
Planapochromat,  40x, 1.0 N.A.,
with i r is3) 100.2x t . J 1.63 0.09 0 . 1 7

o i l ,

46 19  46
Planapochromat,  63x, 1.4 N.A.,  oi l 62.1x 1 . 4 2.57 0.09 0 . 1 7 46 18 40
Planapochromat ,  100x ,  1 .3  N.A. ,  o i l , 100.2x 1 . 3 1.63 0.09 0 . 1 7 4619 40
Planapochromat ,  100x ,  1 .3  N.A. ,  o i l ,
wi th i r is3) 40.1x 1 .0 4.05 0.22 0 . 1 7 4617 46
f )  The work ing  d is tance is  the  c lear  d is tance be tween the  f ron t  lens  o f  the  ob jec t ive  used and the  spec imen (upper  sur face  o f  coverg lass) .
, )  Ob jec t ive  w i th  i r i s  fo r  s topp ing  down the  aper tu re  in  dark - f le ld  work .' )  uo lec l l ve  w i ln  cor rec t lon  co l la r  can  be  used fo r  cover -g lasses  w i th  th ickness  f rom 0 .11  to  0 .23  mm.
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Phase-contrast objectives These object ives contain an annular
phase plate in which phase shif t  and absorp-
t ion are matched so that opt imum images wi l l
be obtained with the major i ty of specimens
for which the phase-contrast technique can
be used to advantage. For special  problems,
object ives with special ly matched absorpt ion
can be made to order.  Detai ls wi l l  be sup-
pl ied on request.

lf phase-contrast objectives are used for
br ight- f ie ld work, a more or less not iceable
but general ly hardly disturbing loss of con-
trast must be expected, depending on the
object ive type chosen. This effectwi l l  be least
not iceable with the Ph NEOFLUARS and
Planapochromats. For dark-f ie ld observat ion
phase-contrast object ives are general ly not
to be recommended.
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Phase-contrast objectives Tab le  12

Des i  gnat i  on

I n i t i a l -  F o c a l
m a g n r -  t e n g t h
f ica t ion  N.A.  mm

Working
d is tance
m m

Cover-g I ass
th  i ckness
m m

Cata log
N o .

Achromat, 10x,0.22 N.A..  Ph 1 10.2x 0.22 167 5.0 46 04 01
Achromat, 40x ,0 .65  N.A. ,  Ph2 40.8x 0.65 4.5 0.47 0 . 1 7 4607 01
Achromat, 40x,0.75 N.A., water,

Ph2
40.4x 0.75 4 . 6  1 . 6 0 . 1 7 46 17 03

Achromat, 40x ,0 .85  N.A. ,  o i l .  Ph3 39.2x 0.85 4.7 0.35 1.5 46 17  09
Achromat, 100x ,1 .25  N.A. ,  o i t ,  Ph3 98 .8x  1 .25 1.9  0 .09 0 . 1 7 46 19 01
Planachromat, 25x,0,45 N.A.,  Ph2 25.2x 0.45 7.0  1 .4 0 . 1 7 4 6 0 6 1 1
LD-Planachromat,40x,0.60 N.A., corr.,

Ph2
39.9x 0.60 4 . 1  1 . 5 1 .1-1 .5  4607 16 .

Planachromat, 40x, 0.65 N.A.,  Ph 2 40.8x 0.65 4 j3  0 .7 0 . 1 7 460711
Planachromat, 63x,0.90 N.A., corr.,

P h 3
63.4x 0.90 2.7  0 .09  0 j7 4 6 0 8 1 3

Planachromat, 100x ,  1 .25  N.A. ,  o i t ,  ph3 100.6x  1 .25 1.66  0 .09 0 . 1 7 4 6 1 9 1 1
NEOFLUAR, 16x ,0 .40  N.A. ,  Ph2 16 .1x  0 .40  10 .8  0 .9 0 . 1 7 460521
NEOFLUAR. 25x,0.60 N.A.,  Ph2 25.2x 0.60 7.1 0.54 0 . 1 7 460621
NEOFLUAR. 40x,0.75 N.A., Ph2 40.5x 0.75 4.5 0.33 0 . 1 7 4607 21
Plan-NEOFLUAR,63x,0.90 N.A., corr.,  62.gx 0.90

Ph3
2.7 0.09 0.11-0.23 46 08 13 _ 9903

NEOFLUAR, 63x ,1 .25  N.A. ,  o i l ,  Ph3 62 .6x  1 .25 2.8 0.65 0 . 1 7 46 18  21
NEOFLUAR. 100x, 1 .30 N.A.,  oi t ,  Ph 3 100.2x 1 .25 1.92 0.24 0 . 1 7 46 19  21
Planapochromai,25x,0.65 N.A.,  Ph2 25.3x 0.65 6.3  0 j4 0 . 1 7 4606 41
Planapochromat,40x,0.95 N.A.,  corr. ,  40.4x 0.95

P h 3
4.25 0.09 0.11-0.23 4607 43

Planapochromat,  40x, 1.0 N.A.,  oi l ,
w i th  i r i s ,  ph3

40 .1x  1 .0 4.05 0.22 0.17 4617 47

Planapochromat ,  63x ,1 .4  N.A. ,  o i l ,  ph3  AZ. lx@ 46 18 41
Planapochromat,  100x, 1 .30 N.A.,  oi l ,  ph 3 100.2x 1 a

-  Spec ia l  ob jec t ive ,  e '  9 . ,  fo r  STANDARD UPL,  fo r  work  w i th  spec imens in  th ick -wa l led  cnamoers .
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POLZ objectives

for polarized-light microscopy
The object ives l isted below are strain-free

and have center ing mounts.

Tab le  13

Des ig  na t i  on

l n  i t i a l
m a g n i -
f i ca t ion

Focal  Working
length distance

N .A .  mm mm
th ickness  Cata log
m m  N o .

O*Planachromat,  2.5x, 0.08 N.A.,  POL Z 2.6x 0.08 54.5 8.7 46 0'1 18

Of Achromat, 10x.0.22 N.A. .  POLZ 10.2x 0.22 16.7 5.0 46 04 08
-F NEOFLUAR, 25x, 0.60 N.A.,  POL Z 25.2x 0.60 7.1 0.54 0j7 460628

O*Achromat , 40x ,0 .85  N.A. ,  POLZ 39.4x 4.7 0.36 0j7 46 07 080.85
NEOFLUAR,  63x ,0 .90  N.A. ,  POLZ 63.3x 0.90 3.0 0.12 0j7 460828

O*Achromat, 100x ,  1 .25  N.A. ,  o i l ,  POLZ 98.8x  1 .25 1.9  0 .09 0 j7  46  19  08

General ly recommended for a ser ies of
O four object ives
+ f ive object ives
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UD Achromats UD achromats are object ives special ly de-

signed for use with the universal rotary stage.
This aid for spat ial  or ientat ion of the spe-
c imen is  p r imar i l y  used in  po la r ized- l iEh t  mi -
croscopy. The object ives are attached to the
polar iz ing microscope with the aid of a center-
ab le  ob jec t ive  changer "

The in i t ia l  magn i f i ca t ion  and numer ica l
aperture indicated on the UD achromats hold
fo r  use  in  con junc t ion  w i th  hemispheres  w i th
a refract ive index of 1.555. l f  the object ives
are sui ted for "conoscopic" observat ion, they
are  marked "C" .  Under  o r thoscop ic  obser -
vat ion, the ext inct ion posit ion of a crysial  can
be recognized i f  the aperture of the object ive
is reduced. This is why two funnel stops are
supp l ied  w i th  every  UD achromat  o f  h igher
magn i f i ca t ion  than 16x .

U s e d  w i t h o u t  h e m i s p h e r e ,  t h e  U D  a c n r o -
mats  o f fe r  a  par t i cu la r ly  long  work ing  d is -
tance. Due to their  overal l  length of 33 mm
they must be attached to the microscope by
means o f  the  adapter  r ing  462991.

w
wwryw
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Tab le  14

UD Adrromats
for universal rotary stage, without specimen
protection, parfocalized for 33 mm

Designat ion

Technical  data for  using the object ives wi th and wi thout  hemisphere
l n i t ia l Focal  Working Refractive
magn i -  leng th  d is tance Cata log  No.  index
f ica t ion  N.A.  mm mm of  ob jec t ive  r r " Radius

Cata log  No.
o f  hemisphere

3.7 0.07 30.4 19.0 4620 42Achromat UD,
6.3x,0.12 N.A. 1.517 5.52 47 3824

41.80 j 2 1 3 . 5 1 .517 5.52 47 3825
6.1 0 . 1 3 13.544.6 1.648 5.52 47 3826

1.517 12.56 47 3827
0 1 2 25.5 6.5 1 .517 12.56 47 3828

24.80 .136.1 1.648 12.56 47 3829

0 . 1 19.6 1 5 . 6 13.5 4620 44Achromat UD,
1 6 x . 0 . 1 7  N . A . 1 .517 47 3824

1 011.2o .1714.9 1.557 5.52 47 3825
10.70 . 1 8 1 015.8 1 .648 5.52 47 3826

1.517 12.56 47 3827
14.9 10.50 . 1 7 1.517 12.56 47 3828

10 .00 . 1 815.8 1 .648 12.56 47 3829

Achromat UD, 12.7 0.38 12.6 4620 45
20x,0.57 N.A. C** 1 .517 47 3824

19.7 0.57 1.517 47 3825

0.6121.0 1.648 5.52 47 3826

Achromat UD. 25.8 0.41 6.9 4620 46
40x,0.65 N.A. C** 1 .517 5.52 47 3824

1 . 50.6440.2 1.517 47 3825

3.7 1 . 5 1.648
5.52

47 382642.7 0.68

t  Max imum permiss ib le  dev ia i ion  0 .002
' .  Su i tab le  fo r  conoscop ic  observa t ion .
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The 1x Planachromat is the object ive with the lowest ini t ia l  magni-

f i ca t ion  and bu i l t - in  f ie ld  lens .  l t  i s  no t  oar -
focal ized with the other object ives. For
po la r ized- l igh t  mic roscopy  we se lec t  the
most strain-free obiect ives.

The 1.6x-5x Planachromat is part icular ly sui table for measuring pur-
poses, because the magnif icat ion of the
aerial  image can be accurately adapted to
the graduat ion of the micrometer disk. The
object ive is used with a condenser whose
front lens is swung out of the l ight path. Re-
focus ing  is  requ i red  i f  the  magn i f i ca t ion  o f
the object ive is changed.

The 32x Planachromat is an object ive special ly designed for our
Revolver Microprojector.  l ts f ront- lens mount
is f in ished in black to avoid stray l ight.  l f
necessary, i t  may be used on any other mi-
croscope.

Special-purpose objectives
for the normal transmit ted- l ight microscope Table 15

D e s i g n a t i o n

l n  i t i a l
magn r -
f icat i  on

Foca l
length
m m

Working Cover-glass
distance th ickness Catalog
mm mm No .

Planachromat,
1x. 0.04 N.A. 1 .08x 0.04 134.7 4.4 4620 10
lx,0.04 N.A.,  POL 1.08x 0.04 134.7 4.4 46 20  11
1.6x-5x ,  0 .03-0 .1  N.A. 1 .6x - 5x 0.03 - 0.1 41.2-20 .8  32-1 .5 46 20  13
32x,0 .65  N.A.
63x, 0.90 N.A.,  oD

32.2x 0.65 5.6 0.3 0.17  462016

(for uncovered specimens) 63.0x 0.90 3.0 0.09 46 08 60
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ULTRAFLUARS These are special-purpose object ives

equal ly sui ted for observat ion by ul traviolet
and v is ib le  l igh t .  They  are  achromat ic  fo r  a
range from 230 to 700 mpz. Thus there is prac-
t i ca l l y  no  sh i f t  in  focus  when chang ing  f rom
one wavelength to another.  The object ives
are corrected for 0.35 mm thick quartz
(Homos i l )  cover  g lasses  and des igned fo r
glycerin immersion, except the ULTRAFLUAR,
10x .  0 .20  N.A. .  462059.

These object ives are very sensit ive to
f luctuat ions of temperature.

Tab le  16

For  wave length  280 mp
ln i t ia l  Foca l
magn i -  Iengt l

f i ca t ion  N.A.  mm

For wavelength 546 mt
Foca l
length  Cata log
m m  N o .

Cover-
g rass
th i  ckness

Working
d is tance
mm

l n i t i a l
m a g n i -
f  i ca t ion  N.A.Des ignat ion

ULTRAFLUAR,
10x ,0 .20  N.A. 10.0x 0.20 16.4 7 .4 9.4 0.19 17.5 462058

32x,0.40 N.A., glyc. 32.0x 0.40 6.0 0.45 0.35 30.0 0.38 6.4 462060
100x,0 .85N.A. ,91yc .  103.5x  0 .85  1 .79  0 .12  0 .35  98 .0  0 .81  1 .93  462063
100x, 1 .25 N.A.,  glyc. 100.9x 1 .25 1 .77 0.07 0.35 87.8 1 .15 2.00 46 20 64
32x,0.40 N.A.,  glyc.,  Ph 32.0x 0.40 6.0 0.35 30.0 0.38 6.4 462070

100x, 0.85 N.A.,  glyc.,  Ph 103.5x 0.85 1 .79 0.12 0.35 98.0 0.80 1 .93 46 20 73

10x,0 .20  N.A. ,  POL 10.0x O.2O 16.4 7.4 9 .4  0 .19  17 .5  462059

32x,0.40 N.A.,  glyc.,  POL 32.0x 0.40 6.0 0.46 0.35 30.0 0.38 6.4 462061
100x,1 .25N.A. ,  g lyc . ,  POL 100.9x  1 .25  1 .77  0 .07  0 .35  87 .8  1 .15  2 .00  462065
For achromatic-aplanat ic ULTRAFLUAR-condenser 465557, see page 93.
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Jamin-Lebedeff  t ransmit ted- l ight Three object ives of the Achromat pOL Int

interference-equipment type and a special ly selected condenser
conver t  any  o f  our  la rge  po la r iz ing  mic ro-
scopes into an interference microscope. This
al lows the refract ive index, thickness and dry
m a s s  o f  d i s c r e t e  o b j e c t s  ( i .  e .  o b j e c t s
which do not cover a cont inuous area) to be
determined.  The beam sp l i t te r  in  the  con-
denser separates the rneasuring and com-
par ison  beams.  The beam combiner  in  the
object ive causes the two beams to interfere.
For further detai ls see booklet 41-560.

I nterference attachments Tab le  17

with
i nterference Achromat
at tachment POL ln l

Dis tance be tween
measur ing  and

Work ing  d is lance compar ison beams
m m  m m

Cata log  No.  Cata log  No.
fo r  fo r  UNIVERSAL,
STANDARD PHOTOMICROSCOPE,
microscopes ULTRAPHOT

10x, 0.22 N.A. 2.26 0.5 47 4403 47 4413
l l 40x, 0.65 N.A. 0.2 0 . 1 7 47 4406 47 44 16

i l l 100x,  1 .0  N.A. ,  o i l 0.08 0.05 47 4408 47 4418



Objectives
for reflected-light microscopy

60

All  our microscopes for opaque work are
c o m p u t e d  f o r  u n c o v e r e d  s p e c i m e n s .  I n
v iew o f  the  he igh t  o f  the  ver t i ca l  i l l umina tor
to be inserted between the tube and the ob-
ject ive they have a relat ively short  parfocal
d is tance o f  33  mm.  The i r  in i t ia lmagn i f i ca t ions
part ly deviate from our usual standard values
in view of the standard magnif icat ions of 50x,
100x, 200x, 500x and 1000x used in metal-
Iu rg ica l  work .

With few except ions, al l  our ref lected-
l ight object ives are designed as f lat{ ield ob-
ject ives. In the systems suppl ied since 1965
special  care has been taken to el iminate re-
f lect ions at glass-to-air  surfaces by sui table
shaping and coat ing of the lenses. This has
been surpr is ingly successful  in the new series
of EPIPLAN object ives.
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EPIPLAN HD objectives

for br ight{ ield and dark-f ie ld observat ion
by  inc ident  l igh t

For dark-f ie ld observat ion the object ive
proper  i s  bu i l t  in to  a  concent r i c  mi r ro r  o r  lens
system. This reduces the free working dis-
tance of the three low-power systems. These
object ives do not have the Whitworth thread
0.8"xl /se" but the M24x0.75 screw thread.

Tab le  18

Des ig  na t ion

In i t ia l  Foca l  Work ing
magn i -  leng th  d is tance
f i c a t i o n  N . A .  m m  m m

Cover -  Cata log  No.
g lass  Ob jec t ive
th ickness  fo r
mm noseprece

Cata log  No.
Objective with
change r ing
(46 62 55)

EPIPLAN 4x ,  0 .10  N.A. ,  HD 4.07x 0.1 36.3 460269 480269
EPIPLAN 8x ,  0 .20  N.A. ,  HD 7.96x 0.2 18.7 46 03 69 48 03 69
EPIPLAN 16x ,  0 .35  N.A. ,  HD 16.06x 0.35 10.4 46 05 69 48 05 69
EPIPLAN 40x ,0 .85  N.A. ,  HD 40.56x 0.85 4.6 0.23 4607 69 4807 69
EPIPLAN 8Ox, 0.95 N.A.,  HD 80.7x 0.95 2.25 0.09 46 08 69 48 08 69
EPIPLAN 100x,  1 .25  N.A. ,  o i t ,  HD 100.6x 1.66 0.25 4 6 1 9 6 9  4 8 1 9 6 91 . 2 5
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EPIPLAN objectives

for br ight- f ie ld observat ion by incident l ight
To permit  rapid change between the

standard magnif icat ions used in metal logra-
phy, these object ives are mounted on the
type l l l  D  ver t i ca l  i l l umina tor  466247.  On the
UNIVERSAL mic roscope,  the  PHOTOMICRO-
SCOPE and the ULTRAPHOT camera micro-
scope magnif icat ions of 50x, 100x, 200x, 500x
and 1000x can be achieved with Kpl 10x eye-
oieces.

Tab le  19

Des ignat ion

l n i t i a l
magn i f  i ca t ion N . A

Foca l  Iength
m m

Working
d i stance
m m

Cover-glass
th i ckness
m m

EPIPLAN,  4x ,0 .1  N.A. 4.07x 0.1 36.3 9.0
EPIPLAN,  8x ,  0 .2  N.A. 7.96x 0.2 18.8 7.2

EPIPLAN,  16x ,0 .35  N.A. 16.06x 0.35 10.4 2.8

EPIPLAN,  40x ,0 .85  N.A. 40.56x 0.85 4.6 0.23
EPIPLAN, 80x, 0.95 N.A. 80.7x 0.95 2.25 0.09
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LD-EPIPLAN object ives have an extra long working distance. They

are required whenever the object ive must be
protected against the effects of heat,  caust ic
vapors, etc. ,  by means of a glass plate placed
in  the  ob jec t  f ie ld .  LD-EPIPLAN ob jec t ives
wi th  the  des ignat ion  D :  1 .5  mm are  sup-
l ied  w i th  a  1 .5  mm th ick  p ro tec t ive  cap.  l f  the
specimen is covered by a quarlz glass, e.  9. ,
as  i s  usua l  in  work  w i th  heat ing  s tages ,  then
the quartz plate provides the necessary pro-
tect ion in place of the protect ive cap.

Due to  the i r  long  work ing  d is tance,  the
LD-EPIPLAN object ives are especial ly sui t-
able as substage condensers. They are used
for  th is  purpose pr imar i l y  in  work  w i th  the
M icroscope Photometer.

Tab le  20

Des i  g  na t i  on

l n i t i a l
mag n  i -
f i ca t l  o  n

Work ing  d is tance (mm) Cover -
F o c a l  w i t h  l . 5 m m  w i t h 1 . 5 m m  g l a s s  O b j e c t i v e
length  cover -  p ro tec t ive  th ickness  Cata log
m m  g l a s s  c a p  m m  N o .

Pro tec t ive
c a p ,  D  1 . 5

N o .

LD-EPIPLAN,  4x ,0 .1  N.A. 4.06x 0.1 36.3 7.5 t . 3 4621 01 462911
LD-EPIPLAN,  8x ,0 .2  N.A. 7.94x 0.2 18.7 6.2 5 .7 1 . 5 462102 462912
LD-EPIPLAN,  '16x ,0 .30  N.A.  16x 0.30 10.1 4.1 3.6 t . c 462143 462913
LD-EPIPLAN, 40x, 0.60 N.A. 40.1x 0.60 2.33.44.1 t . c 462104 462914
LD-EPIPLAN, 40x, 0.60 N.A. 40.1x 0.60 4.1 3 .1 462097
LD-EPl PLAN, 40x, 0.60 N.A.,

Po l * 40.1x 0.60 4.1 2.3 462124 462916J . +

For  the  Nomarsk i  in te r fe rence-cont ras t  method in  re f lec ted  l igh t  use  th is  ob jec t ive ,  mounted  a lmost  s t ra inJree ,  w i th  p ro tec t ive  cap
D 1 .5  (462916)  and in te r fe rence-cont ras t  a t tachment  (474464\ .
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EPIPLAN POL obiectives

for polar ized-l ight microscopy and
the Nomarski  interference-contrast method

wi th  inc ident  l igh t  (CNRS l i cence)

center ing  change r ing

EPIPLAN POL ob jec t ive
with thread W 0.8"

I nterference-contrast
attach ment
with thread W 0.8"
for  EPIPLAN POL object ive

The completely sirain-f  ree br ight- f ie ld
object ives are designed for polar ized-l ight
work, e.  g.  in ore microscopy or in connect ion
with opt ical ly anisotropic metal  phases. They
are attached to the type l lA, l l  ST, I l  C and l l  E
vert ical  i l luminators by means of the change
ring 466256 in which they can be centered.

As compared with dry object ives, immer-
sion object ives result  in enhanced image
contrast because ref lect ions at the f i rst  sur-
face of the front lens are made impossible
and the di f ferences between the ref lect iv i ty
and the intr insic color of certain objects
stand out more clear ly against oi l  than
aga ins t  a i r .

l f  a vert ical  i l luminator is to be used for
the Nomarski  interference-contrast method,
a special  interference-contrast at tachment is
needed for each EPIPLAN POL object ive.

Tab le  21

Des ignat ion

l n i t i a l
m a g n i -
f i ca t ion

Foca l
length

N.A.  mm

Working
d istance
m m

Catalog No.
Cover- Inter-
glass ference-
thickness Catalog No. contrast
mm obiect ive at tachment"

EPIPLAN,  4x ,0 .10  N.A. ,  POL 4.07x 0.1 36.3 9.05 462001 47 4492

EPIPLAN,  8x ,0 .20  N.A. ,  POL 7.96x 0.2 18.7 7.1 462002 47 4492

EPlPLAN,  16x ,  0 .35  N.A. ,  POL 16.06x 0.35 10.4 2.7 462003 47 4493

EPIPLAN, 40x, 0.85 N.A.,  POL 40.56x 0.85 4.6 0.23 462004 47 4494
EPIPLAN, 80x, 0.95 N.A.,  POL 80.7x 0.95 2.3 0.09 462080 47 4495

EPIPLAN,  4x ,0 .10  N.A. ,  POL,  o i l 4.07x 0.1 36.3 0.3 46 20 06
EPIPLAN,  8x ,0 .20  N.A. ,  POL,  o i l 7.96x 0.2 18.7 0.3 462007
Epi-Achromat,  16x,0.40 N.A.,  POL, oi l  16.0x 0.40 10.0 0.85 462008
Epi-Achromat,40x,0.85 N.A.,  POL, oi l  40.0x 0.85 4.6 0.5 46 20 09
EPIPLAN,  100x ,  1 .25  N.A. ,  POL,  o i l 1 .25 1.94 0.28 462005 47449698.8x

To be used on Type l l  ver t ical  i l luminators wi th change r ing 466258. On vert ical  i l luminators wi th revolv ing nosepiece (Types lA,
f l lA ,  l l lC )  t he i n te r f e rence -con t ras ta t t achmen ts4T4493 /94 /  andco r respond ingob . i ec t i vesa repa r f oca l i zed .  Adap te r r i ng462996
serves as connection
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EPIPLAN StM objectives These are designed forthe STANDARD UM

inver ted  meta l lu rg ica l  m ic roscope.  S ince
they f i t  into the revolving nosepiece of the
s tandard  t ransmi i ted- l igh t  mic roscopes and
are parfocal ized with the transmit ted- l ight
object ives, they may also be used for examin-
i n g  u n c o v e r e d  t r a n s p a r e n t  s p e c i m e n s  i n
a l l  cases  where  ord inary  t ransmi t ted- l igh t  ob-
ject ives would give unsat isfactory results due
to the lack of a cover glass.

EPIPLAN StM Ph ob jec t ives  can be  used
for phase work i f  the diaphragm insert  467059
is placed in the base of the inverted metal-
lu rg ica l  m ic roscope.  Every  EPIPLAN StM Ph
ob jec t ive  is  supp l ied  w i th  an  annu lar  d ia -
phragm wh ich  can be  centered  in  th is  inser t .

Table 22

Foca l
I  ength
m m

Cover-g lass
th i ckness
m m Cata log  No

Working
d is tance
m m

ln i t i a l
magn r -
f  i ca t i on  N .A .Des j  g  na t i  on

EPIPLAN StM,  4x .  0 .10  N.A. 4.07x 0.10 36.3 9.0 462031
EPIPLAN StM, 8x, 0.20 N.A. 7.96x 0.20 18.8 7.2 462032
EPIPLAN StM,  16x ,  0 .35  N.A. 16.06x 0.35 10.4 2 .8 462033
EPIPLAN StM. 40x. 0.85 N.A. 40.56x 0.85 4.6 462034
EPIPLAN StM, 80x, 0.95 N.A. 80.7x 0.95 2.25 0.09 462035
EPIPLAN StM,  100x ,  1 .25  N.A. ,  o i l 100 .7x  1 .25 1 . 7 0.25 462036
EPIPLAN StM,  16x ,  0 .35  N.A. ,  Ph 16.06x 0.35 10.4 2.8 462037
EPIPLAN StM, 40x, 0.85 N.A.,  Ph 40.56x 0.85 4.6 0.23 462038
EPIPLAN StM,  100x ,  1 .25  N.A. ,  o i t ,  ph 100.7x 1.25 1 . 7 4620390.25
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EPIPLAN Ph objectives

EPIPLAN Ph objectives
for phase-contrast work

ut i th vert ical  i l  luminators

These object ives contain annular phase
plates special ly adapted to the requirements
of incident- l  i  g ht phase-contrast m icroscopy.
They are used in conjunct ion with a phase-
contrast diaphragm insert  which among other
th ings  ho lds  th ree  su i tab le  annu lar  d ia -
phragms on a  change d isk .

EPIPLAN Ph object ives have the same
W 0.8" xl  /ze" screw thread as the transmit ted-
l ight object ives. They are not sui table for
combinat ion with our phase-contrast con-
densers for t ransmit ted l ight.

Table 23

Des ignat ion

I n  i t i a  I
m a g n i -
f i ca t i  on

Foca l
I  ength
m m

Work ing
d i  s tance
m mN . A .

Cover-g I ass
th i ckness
mm Catalog No

EPIPLAN,  16x ,  0 .35  N.A. ,  Ph 16.04x 0.35 10.4 2 .8 462027

EPIPLAN, 40x, 0.85 N.A.,  Ph 40.56x 0.85 4.6 0.23 462028

EPIPLAN.  100x .  1 .25  N.A. .  o i l .  Ph 100.7x 1 . 2 5 1.62 0.25 462029

Phase-cont ras t  d iaphragm inser l  472073 fo r  ver t i ca l  i l l umina tor  type  l l  G w i th  s ing le  ob jec t ive  changer ,

Phase-cont ras t  d iaphragm i^ser t  472072 fo r  ver t i ca l  i l l umina tor  i ype  l l l  C  w i th  a  revo lv ing  nosep iece

can be  combined w i th  the  UNIVERSAL and ULTRAPHOT microscopes
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Anti f lex immersion object ives ln the case of ref lected-l ight br ight{ ield

i l l u m i n a t i o n ,  p a r t  o f  t h e  i l l u m i n a t i n g  t i g h t  i s
always ref iected back to the image plane
from the glass-air  surfaces of the object ive
before i t  has ful ly passed through the lat ter.
The amount of l ight that is ref lected depends
on the type of object ive and the adjustment
of the l ight path. l t  may even happen that an
image of the object ive aperture becomes
v is ib le .  Th is  e f fec t  i s  par t i cu la r ly  d is tu rb ing
when viewing objects of low ref lect iv i ty.  l t
can  be  e l im ina ted  by  us ing  po la r ized  l igh t  fo r
i l l umina t ion ,  whose s ta te  o f  po la r iza t ion  is
hardly changed by specular ref lect ion. When
an ana lyzer  in  the  i igh t  pa th  i s  o r ien ted  so
tha t  i t s  p lane o f  v ib ra t ion  is  perpend icu la r  to
that of  the l ight ref lected from the lens sur-
faces ,  th is  l igh t  can  be  ex t ingu ished.  The
l ight di f fusely ref lected from the specimen
surface, however,  wi l l  pass through the ana-
lyzer pract ical ly unattenuated because i t  is
depolar ized in the course of di f fuse ref lect ion.

In the case of specular ref lectors-which
most  po l i shed spec imens are- th is  method is
poss ib le  on ly  i f  a  su i tab ly  o r ien ted ,  c i rcu la r ly
polar iz ing f  i l ter is inserted between the speci-
men and the  ob jec t ive .  Some o f  our  b r igh t -
f ie ld ref lected-l ight object ives are provided
with such f i l ters.  They are then cal led "Ant i-

f lex object ives".  These are avai lable in the
forrn of EPIPLAN and achromatic object ives
for  inc ident - l igh t  work  w i th  o i l  and  methy lene
iod ide .

Ant i f lex immersion object ives give par-
t i cu la r  h igh  cont ras i  fo r  b r igh t - f ie ld  inc ident -
l ight observat ions, because the use of an
immers ion  med ium e l im ina tes  a l l  re f lec t ions
at the f i rst  surface of the front lens, whi le the
Anti f lex system el iminates al l  ref lect ion from
the surfaces of al l  other lens elements, and
because the di f ferences of ref lect lv i ty and
intr insic color of certain objects are more
pronounced and more  c lear ly  v is ib le  in  o i l
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Antif lex immersion objectives

than in air .  These object ives are especial ly
sui table for objects of low to medium ref lec-
t iv i ty (coal petrography) and specimens of
varying ref lect iv i ty (weak to strongly absorb-
ing or refract ing).  Methylene iodide immer-
sion object ives general ly produce the same
result  as the corresponding object ives for oi l
immersion, but are even better sui ted for ob-
jects of extremely low ref lect iv i ty (coal petro-
graphy) .

The c i rcu la r ly  po la r iz ing  f i l te r  loca ted  in
front of  their  lens elements makes these ob-
ject ives unsuitable for certain measuring
techniques, e. g.  for the polar ized-l ight ana-
lysis of the vibrat ional state of polar ized re-
f lected l ight.

Table 24

Des i  g  na t i  on

l n i t i a l
magn r -
f icat ion

Foca l
length

N . A .  m m

Cover -  Cata log  No.  Cata log  No.

Work ing  g lass  Ob jec t ive  Ob jec t ive
d is tance th ickness  fo r  w i th

mm mm nosep iece  change r ing

EPIPLAN-Anti f lex,
8x ,0 .2  N.A. ,  o i l 7.9x 0.2 18.75  0 .4 461364 481364

Antif lex-Ep i-Ach ro m at,
16x, 0.40 N.A.,  oi l 16.0x 0.4 10.0 0.45 461554 481554

Antif lex-Ep i-Ach rom at,
40x .0 .65  N.A. .  o i l 40.0x 0.65 4.6 0.5 4617 54 4817 54

EPIPLAN-Anti f  lex,
2.5x, 0.08 N.A.,  methylene iodide 2.9x 0.08 54.8 0.3 46 11 63 48 11 63

EPIPLAN-Anti f lex,
4x, 0.1 N.A.,  methylene iodide 4 . 1 x 0.1 36.3 0.4 461263

EPIPLAN-Anti f  lex,
8x,0.2 N.A.,  methylene iodide 0.2 18.75 0.4 46 13 63 48 13 637.9x
A ntif lex-Ep i-Ach romat,
16x, 0.40 N.A.,  methylene iodide 16.2x 0.4 10.0  0 .35 46 15 53 48 15 53
Anti f  lex-Epi-Ach romat,
40x, 0.65 N.A.,  methylene iodide 39.6x 0.65 4.6 0.25 4617 53 4817 53



Photomicrographic
objectives
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LUMINARS with iris diaphragm for photography by transmit ted or incident
l igh t ,  w i th  dark - f ie ld  i l l umina t ion  produced by
stereomicroscooe i l l  uminators.

Table 25

Des igna t i on

Dis tance be tween
foca l  p lane and

For  in f in i te  f ron t  lens  ver tex
Foca l  ob jec t  d is tance (mm)

Magn i f i ca t ions  ob ta inab le

wi th
ULTRAPHOT"

with
UNIVERSAL
m rcroscope,
PHOTO-
MICROSCOPE Catalog No

l eng th
m m

Rela t ive  ob jec t -  image
N.A.  aper tu re  s ide  s ide

1 6  m m  L U M I N A R 1 6 . 1  0 . 2  1 : 2 . 5  1 0 . ' 1  1 1 . 5 50x-70x
40x-55x

14x-22x 462511

25 mm LUMINAR 26.0  0 .14  1  :3 .5  21 .9  230 31x-43x
25x-34x

8x-14x 462513

40 mm LUMINAR 39.9  0 .11  1 :4 .5  34 .9  27 .9 20x-27x
16x-22x

4x-Bx 462515

63 mm LUMINAR 63.4 0.11 1:4.5 54.8 45.0 11 .5x-16x
9.5x-12.5x

2x-4x 462517

100 mm LUMINAR 102.3  0 .08  1 :6 .3  76 .2  91 .8 462519
100 mm LUMINAR
for  Luminar  head

102.3 0.08 1 :6.3 76.2 91.8 6.5x-9.5x
5.3x-7.5x

1.5x-28x 462529

2.5x  to  5x  LUMINAR var i -  0 .04 /
for ULTRAPHOT able 0.05

2.5x-3.6x
3.6x-5x

462531

*  A  cont inuous  ser ies  o f  magn i f i ca t ions  can be  ach ieved w i th  the  ULTRAPHOT i f  the  O.8x  aux i l ia ry  sys tem,  Cata log  No.462580,  ie
employed.  The magn i f i ca t ions  cor respond ing  to  th is  combina t ion  appear  in  smal l  p r in t .
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100 mm LUMINAR The 100 mm LUMINAR,  Cat .  No.  46  2519,

has an M 44x0.75 screw thread at ei ther end.
Thus, when the protect ive r ing in front has
been removed, the object ive may also be
used in an inverted posit ion to secure re-
duced scales.

100 mm LUMINAR The 100 mm LUMINAR,  Cat .  No.  462529,
is basical ly the same objeci ive as No. 462519,
With i ts special  mount i t  can be attached to
the Luminar head of the ULTRAPHOT.

to 5x LUMINAR The 2.5x to 5x LUMTNAR is a speciat-
purpose object ive designed for very smal l
scales. l t  is exclusively intended for the
ULTRAPHOT camera microscope and can
only be used for t ransmit ted l ighi  in con-
junct ion with the macro-stage 47 2561. When
ordering the macro-stage, please indicate the
serial  number of vour ULTRAPHOT.
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Epi-LUMINARS

wi thout  i r i s  d iaphragm wi th  f ie ld  tens
These are intended for photography with

our ULTRAPHOT camera microscope using
re f lec ted- l igh t  b r igh t - f ie ld  i l l umina t ion .  The
objectives 462542/43/45 can also be used
on our  UNIVERSAL mic roscope.

Table 26

Des ignat ion

Foca l
length
m m

Catalog No
to r
object ive

l \4ag  n  i f  i ca t ions
to  be  ach ieved w i th
ULTRAPHOT

Cata log  No.
fo r  macro-
i l l u m i n a t o r

20 mm Ep i -LUMINAR 18.7 4625 42 4 4 . 5 : 1 - 6 1  : 1
3 5 : 1 - 4 9 : 1

47 2575

25 mm Ep i -LUMINAR 25.0 4625 43 3 3 : 1 - 4 6 : 1
27: ' l -36:1

47 2575

40 mm Ep i -LUMINAR 40.0 4625 45 2 2 : 1 - 2 9 : 1
1 7  : 1 - 2 3 : 1

47 2575

63 mm Ep i -LUMINAR 63.4 46 25  17 1 2 : 1 - 1 7 . 5 : 1
' 1 0 : 1 - 1 4 : 1

47 2576

'100 mm Eo i -LUMINAR 102.3 462529 8 . 5 : ' 1  -  1 2 : 1
6 . 5 : 1 - 9 : 1

47 2577

The magn i f i ca t ions  in  smal l  p r in t  can  be  ach ieved by  us ing  the  O.8x  aux i l ia ry  sys tem (462s80)  w i th  the  Ep i -LUMINARS



ZEISS eyepieces 72
For tubes with an inside diameter of

23.2 mm; adapted to a location of the real
intermediate image 10 mm below the tube
edge; with compensat ing effect adapted to
the correct ion of our object ives.

C-type eyepieces may be used in con-
junct ion with simple types of object ive. Ob-
ject ives of higher correct ion should, i f  pos-
sible,  always be combined with Kpl eye-
pieces. This appl ies above al l  to the Plan-
achromats and Planapochromats.

Table 27

Desi  g nat ion

Eyepiece
magn r -
f icat ion

re I ief
mm

Foca l  F ie ld -
Iength of-view
m m  n u m b e r

Ang le  Cata log

of  v iew No.

5x compensat ing eyepiece 5x 50.5 20 23" 463710

6.3x compensat ing eyepiece 6.3x 39.9 1 8 26" 4 6 3 8 1 0

8x compensat ing eyepiece 8x 31.2 1 6 300 4 6 3 9 1 0

1 0x compensat ing eyepiece 10x 24.9 1 6 360 46 40  10

12.5x compensat ing eyepiece 12.5x 20.0 12.5 360 46 41 10

8x Kpl eyepiece 8x 3 1 . 5 1 8 33 463920
10x Kpl eyepiece 10x 25.0 1 6 360 46 4020
16x Kpl eyepiece 1 016x 1 1 1 5 . 6 36" 46 4220
20x Kpl eyepiece 20x 8.5 12.5 360 46 4320
25x Kpl eyepiece 25x 6.5 1 0 . 0 3606.3 46 4420
16x Kpl wide-angle eyepiece 16x 1 2 1 5 . 6 1 6 55" 46 4244
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Eyepieces for spectacle wearers These have a part icular ly long eye rel ief

and are therefore sui table for wearers of eye-
glasses. l t  should be noted, however,  that the
spectacle lens also has an inf luence on the
he igh t  o f  the  ex i t  pup i l .  M inus  lenses  magn i -
fy,  plus lenses reduce the image according
to their  power. A wearer of strong plus lenses
may therefore be unable even with these eye-
pieces to approach the pupi l  of  his eye close
enough to the eyepiece for i t  to coincide with
the exi t  pupi l  of  the lat ter.

Table 28

Des ig  na t io  n

Eyepiece Eye
magn i -  re l ie f
f i ca t ion  mm

Foca l
I  ength
m m

F i e l d -
of-view
n u m b e r

Ang le  Cata log
of  v iew No.

8x Br Kpl eyepiece 1 78x 31 .3 1 8 32" 463922
12.5x Br Kpl eyepiece 12.5x 1 6 1 9 . 8 1 2 . 5 360 464120
10x Br Kpl wide-angle eyepiece 10x 20 25.1 1 8 41" 46 40 42-
12.5x Br Kpl wide-angle eyepiece 12.5x 1 5 20.3 1 8 50" 464142.

Eyep iece  is  supp l ied  w i th  fo ldab le  rubber  eyecup.
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Eyepieces for micrometer disks In these eyepieces, the mount of the col-

lect ive lens is designed to hold micrometer
disks. The disk is pressed against the eye-
p iece  d iaphragm by  means o f  a  c l ip -on  r ing
so that i t  rests in the image plane. The eye-
piece may also be used, with or without a
mic rometer  d isk ,  combined w i th  an  ord inary
eyepiece of the same specification (table 27)
in  a  b inocu la r  body .

Table 29

Designat ion

t rv6h i6^a  t r \ ,A

m a g n i -  r e l i e f

f i ca t ion  m m

F i e l d -
o f -v iew Ang le
number  o f  v iew

Foca l
length

m m
Cata log
N o .

8x compensat ing eyepiece
for  17  mm d ia .  mic rometer  d isks 8x 31.2 1 6 300 46 49 13
12.5x compensat ing eyepiece
tor  17  mm d ia .  mic rometer  d isks 12.5x 20.0 12.5 360 46 41 13
8x Kpl eyepiece
for  17  mm d ia .  mic rometer  d isks 8x 3 1 . 5 1 8 330 463923
12.5x Br Kpl eyepiece
for  17 mm dia.  micrometer  d isks 12.5x t o 19.8 12.5 360 46 41 23
16x Kpl eyepiece
for  17  mm d ia .  mic rometer  d isks 16x 1 1 1 5 . 6 1 0 360 464223
20x Kpl eyepiece
for  17  mm d ia .  mic rometer  d isks 2Ox 8.5 I  z . c 360 46 4323
10x Br Kpl wide-angle eyepiece
for  19  mm d ia .  mic rometer  d isks 1 0 x 20 25.1 I t t 41" 464043.
10x  Br  Kp l  w ide-ang le  eyep iece  fo r  19  mm
dia .  mic rometer  d isks  w i th  o r ien t ing  screw

Eyep iece  is  supp l ied  w i th  fo ldab le  rubber  eyecup.

1 0 x 20 25.1 1 8 44" 464046
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Micrometer disks The fol lowing micrometer disks with di-

ameter 17 or 19 mm to be used in the eye-
pieces l isted on table 29.

The eyepieces for the stereomicroscopes
l isted in table 32 require micrometer disks of
22.5 mm diameter.

Cata log  No.

0  - _

- :
1_- -

=:
2 :

10 mm eyep iece  mic rometer ,  w i th  100 d iv is ions ,
1 7  m m  d i a .
Same as above, but with 19 mm dia.
Same as above for stereomicroscopes

47  40  11
47 4002
47 4061

5 mm microrne ter  d isk ,  w i th  100 d iv is ions ,  17  mm d ia .  47  4010

" t

l -

10 mm contrast micrometer disk, with 100 or 200 divis ions,
1 7  m m  d i a . 47 40 12

10 mm l ine  cont ras t  mic rometer  d isk ,  w i th  100 d iv is ions ,
17  mm d ia .  47  4O1g
The shaded area t ransmits 5 to 10% of  the incident  l ight .

/#
/ f f i \

/ Hj+:Fi+r]]1]]]+| \
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Net  mic rometer  d isk  10x10 mm,2Ox20 squares ,
1 7  m m  d i a .
Same as  above,  bu t  w i th  19  mm d ia .
Same as above for stereomicroscopes

47 4014
47 40 44
47 4062
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Net micrometer  d isk 5x5 mm, 10x10 squares,
1 7  m m  d i a . 47 40 15

Crossha i r  d isk ,  17  mm d ia .
Same as above for stereomicroscopes

47 4016
47 4060

10 mm crossha i r  m ic rometer  d isk ,  w i th  100 d iv is ions '
19  mm d ia .  47  4007

r[-_l )
\ " /

Ret icule for color television microscope,
1 9  m m  d i a . 47 4009

[--l
t - l

Reticulocyte disk 47 4032
To simpl i fy the count ing of ret iculocytes and thrombocytes*,  this
mic rometer  d isk  conta ins  a  smal l  square  w i th in  a  la rge  square
(8x8 mm,  11 .2  mm d iagona l ) .  The areas  o f  the  two squares  are  in
a  ra t io  o f  10 :1 .  The number  o f  re t i cu locy tes  in  the  la rge  square  is
determined in relat ion to that of  the erythrocytes in the smal l
square .
This disk is preferably used in the eyepieces with focusing eye
lens, Sx Kpl (463923) and 12.5x Br Kpl (464123).

Object marker with diamond tiP 462960

This is screwed into the microscope l ike an object ive. The
diameter of the circ le to be made around the object can be set on
a graduat ion. Then the diamond t ip is lowered onto the cover
g lass  and the  c i rc le  engraved by  tu rn ing  a  r ing .

Brecher and Schneidermann, The American Journal  of  Cl in ical  Pathology,20,  1079-1083 (1950)
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Stage micrometers A glass plate in
w i t h a 5 m r n s c a l e
A further distance
1 0 0 / 1 0 0  m m  :  1 0 p .

a metal  s l ide is provided
divided into 5 intervals.
of 1 mm is divided into

[-

1
[n n=)

0

For transmit ted l ight:  posi t ive stage microm-
eter  5*100/100 mm,  in  case 47 4020
For rellected light: stage micrometer as
above, but without cover glass 47 4022
For ultraviolet microscopy: stage micrometer
with sl ide and cover glass made of quartz
g lass 47 4023

For transmitted light: negative stage microm-
eter 5*100/100 mm, in case 47 4021

5 4 3 2 r 0
, , ' , l , , , r l r , , r l , , r , l r l r l , r r  l , r , r ] r r r r l r r r r l r r r r l  l  l

5
I t t l

For stereomicroscopes:
25+50/10 mm, in case

stage micrometer
47 4025

Object finder 462965

To al low the accurate relocat ion of object detai ls,  three
squares marked ABC, each containing 30x30 smal ler squares,
are engraved on a 26x76 mm sl ide. The 0.75x0.75 mm squares
are f igured from 1 to 900 and further subdivided into 3x3 squares.
The sl ide with the specimen need only be exchanged for the ob-
ject f  inder to give an accurate reading of the posit ion of the stage.
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Pointer eyepieces These eyepieces have a pointer in the

imaEe plane, the t ip of which can be moved
to  any  po in t  in  the  f ie ld  by  tu rn ing  a  knob and
rotat ing the eyepiece in the tube. For use in
b inocu la r  bod ies ,  the  po in te r  eyep iece  shou ld
be paired with an ordinary eyepiece of the
same opt ical  daia, as l isted inIable2T.

Table 30

Des ignat ion

Eyep iece
m a g n i -
f i ca t ion

Foca l
I  ength
m m

re l  i  e f
m m

F i e l d -
o f -v iew Ang le  Cata log
number  o f  v iew No.

Bx compensat ing eyepiece with pointer 8x 31.2 1 6 300 4639 18
12.5x Br Kpl eyepiece with pointer 12 ,5x 1 6 1 9 . 8 12.5 36" 4641 28
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POL crosshair eyepieces

with focusing eye lens and
orient ing screw

This eyepiece is inserted into the tube
correct ly or iented. The crosshairs have been
centered with high accuracy. They mark the
opt ical  axis of the polar iz ing microscope and
the vibrat ion direct ion of polar izer and ana-
lyzer in their  zero posit ions. They serve as an
index for measuring azimuth angles by ro-
tation of the stage.

Crosshair  micrometers are also sui ted for
length measurements under orthoscooic and
conoscopic observat ion.

Table 31

Des ignat ion

Eyepiece
magn i -
l icat ion

Eye
re l ie f
m m

F i e l d -
of-view
n  u m  D e r

Cata log
No.

A n g l e
o f  v iew

Foca l
length
m m

Bx Kpl crosshair  eyepiece pOL 8x 3 1 . 5 1 8 330 463925
12.5x Br Kpl wide-angle eyepiece
with crosshair  micrometer 12.5x t c 20.3 1 8 50 464145
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Eyepieces for stereomicroscopes These are eyepieces special ly designed

for use with our stereomicroscopes, for an
inside tube diameter of 30 mm. They are
adapted tor a real intermediate image located
10 mm below the tube edge and have no
compensat ing effect.

Table 32

Designat ion

Eyep iece
m a g n i -
f i ca t i  on

Eye Focal

re l ie f  leng th

m m  m m

F i e l d -
of-view
n u m b e r

Ang le  Cata log

of  v iew No.

4x eyepiece 3062.61 04x 27 46 36 01.

10x eyepiece 10x 12 2025 43" 46 40 0'1

Same for micrometer disks 46 4004
46 440125x eyepiece 25x

10x 1 8

c c -

25

1 0

25
Same for micrometer disks
10x Br wide-angle eyepiece 5 b -

46 4404
46 4002"

16x Br wide-angle eyepiece 1 6 x 1 5 . 6 b b -1 61 5 46 4202
. )  not  for  stereomicroscope lV

The 10x stereoscopic depth-measuring
eyeplece

Catalog No. 464005, with integral  index for
stereoscopic depth measurement is ident ical
in design to the 10x eyepiece for micrometer
d isks .

C lamping  r ing  464912 serves  fo r  o r ien-
tat ion of the eyepiece.



81

Table 33
Transfer factors

Focal  length of
microproject ion Camera Iens of  focal  length
eyepiece 100 mm 125 mm 160 mm

125  mm 0.8x 1 x 1.25x
'100 mm 1 x 1.25x 1.6x
80 mm 1.25x 1.6x 2x
63 mm 1.6x 2x 2.5x

Microprojection eyepieces

Microprojection eyepieces
Eyepieces of long focal length for use

in microprojection equipment

For the recommended project ion d istance,
the scale factor of al l  project ion eyepieces,
i .  e.  the relat ionship between their  f ie ld-of-
view number and the diameter of the pro-
jected image, is ident ical .  l t  is 100.

This means that al l  the eyepieces, which
have a f ie ld-of-view number of 20, wi l l  pro-
duce an  image o l  2  m d iameter  a t  th is  d is -
tance.

In except ional cases, these eyepieces
may also be used for v isual observat ion i f
eyepiece magnif icat ions are required which
are lower than those of the normal eyepieces.
This is why the values corresponding to eye-
piece magnif icat ion and eye rel ief  are also
indicated. The eyepieces may also be used
to  advantage i f  in  c inemicrography  on  16  mm
or 8 mm f i lm the aerial  image produced by
the camera lens is to be transferred to the
f i lm plane by the eyepiece with l i t i le or no
magnif icat ion. In this case the camera. with
a lens of sui table focal length, should be
arranged above the eyepiece. The camera
Iens may be a simple achromatic lens ( tele-
scope object ive).  Table 33 gives the transfer
factors which can be achieved, for example,
with telescope object ives and the four micro-
project ion eyepieces.

For detai ls on microproject ion equipment
including project ives see brochure 41-480.

Table 34

Des ig  na t j  on

Eyepiece Eye
magn i -  re l ie f
f i ca t ion  mm

Recom_
mended fo r

Foca l  F ie ld -  p ro jec t ion
Iength of-view distance of Catalog
m m  n u m b e r  m  N o .

125 mm microproject ion eyepiece 2x 30 126.0 20 12.5 463379
100 mm microproject ion eyepiece 2.5x

3.2x
30
30

100.0 20 1 0 463479
75.3 20 8 46357980 mm microproject ion eyepiece

63 mm microproject ion eyepiece 4x 30 63.1 20 6.3 463679



urpose ecial-
Screw micrometer eyepieces

with inner reading
Screw micrometer eyepieces are used for

measuring object lengths. The microscopist
may now read the measured value off  the
micrometer,  measurements with an accuracy
eyepiece. Thus, inner reading of measured
values avoids mistakes caused by accom-
modation. After cal ibrat ing with the stage
micrometer,  measurements with an accuracy
of 1/rooo of a mi l l imeter can be made.

Table 35

epteces 82

Screw micrometer eyepieces with inner reading
wi th  Kp l  8x
Cata log  No.

w i th  Kp l  16x

Cata log  No.

for standard monocular tube with 25 mm outside diameter
and fo r  po la r iz ing  tube 463973 46 4273

for tubes with 33 mm diameter,  for stereomicroscopes 46 39 83 46 4283
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K 8x goniometer eyepiece
for standard monocular tube
with 25 mm outside diameter 46 39 74
for tube with 33 mm diameter,
for stereomicroscopes 46 39 84
for  po la r iz ing  tube 46 39 94
This eyepiece is provided with crosshairs which can be rotated
through 360o about the intersect ion of the two hairs.  The angle
of rotat ion can be read off  a graduat ion with vernier to within
1/.roo. The eyepiece is intended for measuring angles in the
microscope f ield of v iew.

K 8x and K 16x eyepieces for Microhardness Tester 469977
with focusing eye lens
This is a special  eyepiece for evaluat ing the Vickers indenta-
t ions produced by means of a Microhardness Tester.  l t  con-
tains two micrometer disks with rectangular patterns of dashed
l ines which combine to form a crosshair  in zero posit ion. The
two disks can be symmetr ical ly shi f ted in relat ion to the vert ical
center l ine by means of a knob. The diagonal of  the indentat ion
is measured by this shi f t .  The eyepiece is of the inter ior read-
ing type.

K 10x UV projective 46 4082
This system is designed to produce a second real image
e. g. on a I ight-sensi i ive emulsion (photomicrography) or in a
photometer system (Type 05 UV-microscope photometer).

8x Kpl counting eyepiece 46 39 71
This eyepiece can be clamped in the monocular tube. l t  corr-
tains two diaphragm blades with rectangular cutouts, which
can be shif ted symmetr ical ly in relat ion to the vert ical  center
l ine, thus making i t  possible to select square sect ions from the
f ield of v iew. When using an object chamber of known depth,
volumes can thus be easi ly l imited for count ing purposes. In
other words, the eyepiece is intended for count ing part ic les
within a certain volume.
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8x Kpl eyepiece wilh adjustable counting lines 46 39 70
This has pr imari ly been developed for count ing plankton sam-
ples. However,  i t  may also be used to advantage for evaluat ing
other  samples .  l t  i s  c lamped in  a  monocu lar  tube and conta ins
a f ixed horizontal  hair  and two vert ical  hairs which can be
shif ted symmetr ical ly in relat ion to the vert ical  center l ine by
means of a knurled r ing. The two adjustable hairs serve to
del imit  count ing areas of any desired size.

10x Br K eyepiece for spectacle wearers,
for micrometer-disk turret
for standard monocular tube
with 25 mm outside diameter 46 4075
for  po la r iz ing  tube 46 40 95
This eyepiece accepts revolving disks which serve for the con-
venient disposit ion and rapid exchange of several  micrometer
disks in the intermediate image plane. This may be of ad-
vantage for evaluat ing clusters of part ic les in connect ion with
standard ser ies, for measuring part ic le size and determining
vo lume.
Each turret contains ei ther one revolving disk or two, arranged
one above the other,  with 6 or '12 ret icules, respect ively.  In
another posit ion, the l ight passes freely through the disks.

Type'a' "honeycomb net" micrometer-disk lurret 47 4120
The micrometer disks bui l t  into this double turret conform to
ASTM E 19-46. The 11 disks correspond to the ASTM num-
bers 0 to 10. With the aid of the appropriaie object ives, the
ASTM numbers  2 to  lZ  can thus  be  covered.  The honeycomb
nets are extremely convenient for est imating part ic le sizes
with relat ive radi i  of  l /21 and 2:1. One opening contains a
micrometer disk with 10 mm/100 mm and 4 inch/128 gradu-
at ions.
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Type'b' "austenite-ferrite" micrometer-disk turret 47 41 21
Each of the two revolving disks holds six micrometer disks
with austenite-ferr i te grain sizes in a rat io of 1:1 conforming
to the Steel and lron Standard 1510-6'1. The disks bear the
data for the Steel and lron Test Nos. 2 to 7. In conjunct ion
with our EPIPLAN object ives i t  is thus possible to cover the
numbers  0  to  g .
The micrometer-disk turrets 47 4121 and 47 4122 together give
the overal l  requirements of the Steel and lron Standard 1510-61
and should therefore be ordered and treated as one unit .

Type 'c' micrometer-disk turret, 47 41 22
"ferr i te grain sizes 2:1 and 4:1"
This double turret is ident ical  in design to the turret 474121,
with the only di f ference that i t  covers the grain size rat ios 2:1
a n d  4 : 1 .
This micrometer-disk turret ref lects al l  the di f ferent condit ions
of the Steel and lron Standard 1510-61 in conjunct ion with the
turreI4T 4121. The two should therefore be ordered and treated
as one unit .

Type 'd' micrometer-disk turret,
"ASTM-E 112 untwinned grainsn,
On this turret the grain-size samples are arranged according
to ASTM-E 112 with the whole numbers 0-4 or,  respect ively,
7 and 8 as wel l  as the half  numbers 4.5-5.5. Variat ion of the
ini t ia l  magnif icat ions of the object ives thus al lows the ASTM
numbers 2 to 10 to be covered. The distr ibut ion of grain sizes
has been part icular ly adapted for the assessment of austenite
grain sizes, but i t  may also be used in conjunct ion with iso-
metr ic grain-size systems.

47 41 23
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1 2 3 1 5 6 7 8 9 1 0

Integrating micrometer-disk turret 47 41 30
This turret takes the place of the wel l -proved integrat ing eye-
piece L With this turret,  sets of points arranged in a square
are superimposed on the aerial  microscopic image according
to the pr inciple of point analysis.  Any overlapping of a point
with a component is counted as a hi t .  The rat io of the number
of hi ts to the total  number of points gives the part ial  volume
o r t h e  p e r c e n t a g e  b y  v o l u m e .
The revolving disk has seven openings. For opt imum geometr ic
adaptat ion to the object,  integrat ing disks are mounted in four
of these openings. The disks have the same base length and
25, 100,400 and 900 points,  respect ively.  In addit ion, the large
clusters of points are central ly subdivided into 25, 100 and
400 points so that smal l  object f ie lds can be uniformly counted
with these part ial  nets.  l f  the coordinate motions of the attach-
able mechanical  stages are made paral lel  to the sides of the
count ing nets, then the specimens can be completely covered
with the point nets.

Disks 5 and 6 of the turret are intended for the determinat ion
of grain sizes, shape factors, specif ic surfaces, diameters of
medium-sized part ic les according to the diameter method, and
determinat ion of medium-sized areas according to the circ le
method. With the disk 5, the radius quot ients of successive
circles behave, according to internat ional pract ice, as 1/2:1,
i .  e.  the quot ients of the second fol lowing radi i  are in the rat io
2 :1 .  The rad i i  o f  the  gra in -s ize  d isk  6  a re  se lec ted  in  l inear ,
decimal order in steps of ten. ln addit ion, the radi i  of  the Ater-
berg divis ion customary in sedimeniary petrography, 2-63-
20-63, have been included. The seventh disk, f inal ly,  is pro-
vided with crosshairs for quant i tat ive microscopy.

K 8x double eyepiece with pointer Catalog No

for standard monocular tube
with 25 mm outside diameter 46 49 20

for tube with 33 mm diameter,
for stereomicroscopes 46 49 21

for polar iz ing tube 46 49 22

This unit has two separate eyepieces spaced approx. 380 mm.
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Centering telescope 46 4820
This is a smal l  telescope inserted into the tube instead of the
eyepiece and serving for observat ion of the magnif ied exi t
pupi l  of  the microscope object ive as wel l  as the aperture stop
image appearing in i t .  This al lows accurate checking of the
object ive aperture. l t  serves instead of a Bertrand lens to adjust
the  phase-cont ras t  annu lar  d iaphragm o f  the  condenser  in
relat ion to the phase annulus in the object ive, or to observe
interference f igures.
The center ing telescope is focused by shi f t ing i ts eyepiece.

Centering telescope
with built-in 5:100 micrometer disk
e. g.  for the measurement of interference angles.

46 4821

Klein magnifier
Cl ip-on eyepiece magnif ier designed to
of the ent ire microscope. l t  serves the
center ing telescope.

46 48 30
magnify the exi t  pupi l
same purpose as the

Pupillary spectroscope 47 4300
This low-power eyepiece with focusing eye lens and an ir is
d iaphragm for  l im i t ing  the  f ie ld  o f  v iew is  combined w i th  a  hand
spectroscope. The sl i t  of  the spectroscope is located in the
p lane o f  the  eyep iece  ex i t  pup i l .  Wi th  the  a id  o f  the  i r i s  d ia -
phragm the detai l  to be invest igated spectroscopical ly can be
singled out and i ts character ist ic absorpt ion or emission spec-
trum viewed in the spectroscope. The hand spectroscope per-
mits a wavelength scale and, i f  desired, a comparison spec-
trum, to be projected into the image. With the aid of a special-
purpose camera the spectra can be photographical ly recorded.
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Intermediate

magnif ication-changing systems
The total  magnif icat ion power of a micro-

scope, calculated from the ini t ia l  magni-
f icat ion of the object ive and of the eyepiece,
can be var ied by means of an opt ical  lens
system.

Table 36

Des ignat ion Factor for  microscope Cata log  No.

Wide-field system 0.8x To be screwed into the body 47 3067
tube, used pr imari ly with
the STANDARD K and R

Wide-f ield changer 0.8x -  1x STANDARD K and R, 473068
wi th  ho lder  sc rew in  l imb too

Magnif icat ion changer 1 . 6 x - 1 x Same as for the wide{ield
changer

47 30 60

Magnif icat ion changer 2x-1x Same as for the wide-f ield
changer

47 3065

OPTOVAR 1 x - 1 . 2 5 x - 1 . 6 x - 2 x STANDARD R, WL,
among others

47 3050

Widej ield OPTOVAR 0.8x -  1x -  1.25x -  1.6x STANDARD R, WL,
among others

47 3070

OPTOVAR on tube head 1 .25x-  1 .6x-2x UNIVERSAL 47 16 45"
PHOTOMICROSCOPE. part or stand 47 21 89"

OPTOVAR on tube head 1 .25x-1 .6x-2x ULTRAPHOT 47 2645-
0 . 8 x - 1 x - 1 . 2 5 x.  Wide-f ield OPTOVAR

on tube head is obtained
if  the standard revolving
nosepiece is replaced by
the nosepiece with wide-
f ie ld  sys tem (473155) .

PHOTOMICROSCOPE.  UN IVERSAL
ULTRAPHOT



Condensers B9

Simple condensers

Z-type condensers For the condenser carr ier of  our rout ine
and research microscopes, parfocal ized for
a distance of 38.2 mm, with bui l t - in aperture
i r i s  d iaphragm for  b r igh t  f ie ld .

Table 37

Des ignat ion Front  lens N.A .

F ^ ^ r l  n h i 6 ^ +

l eng th  d is tance*
m m  m m

Cata log
N o .

Condenser.  0.6 N.A..SZ fixed 0.6 24.8 46 5200
Condenser,  0.9 N.A.,  Z
with swing-out lens swing ing  ou t 0.9 1 3 . 1 2.0 -2.2 46 5252
Condenser .  1 .3 N.A. .  Z
wi th  swing-out  lens swinging out 8.4 1 .6  -  1 .8  4652531 . 3
Condenser,  0.9 N.A.,  Z. POL swing ing  ou t  0 .9 1 3 . 1 2.0 -22 46 5262
Condenser ,  1 .3  N.A. ,  Z ,POL
with swing-out lens swing ing  ou t 1 . 3 8.4 1.6 -  1.8 46 5263
Phase-contrast condenser l l  Z
with swing-out lens swing ing  ou t 0.9 1 3 . 1 2.0 -22 46 5270
Phase-contrast condenser l lZ,  POL
with swing-out lens swinging out 0.9 1 3 . 1 2.0 -22 46 5282

.  The  ob jec t  d i s t ance  i nd i ca tes  t he  pos i t i on  o f  t he  image  o f  an  i n f i n i t e l y  d i s t an t  l amp  f i e l d  s t op  above  t he  s tage  su r f ace  i n
glass tor  a medium aperture and a condenser racked up to i ts  upper stop.  This measure is  an indicat ion of  the th ickness of  the
objects which can st i l l  be proper ly i l luminated wi th the condenser fo l lowing Kohler 's  method.
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N.A. 1.4 achromatic-aplanatic condenser Z Universal var iable-focus condenser for
br ight- f ie ld i l luminat ion, i f  used together with
the two auxi l iary front lenses of N.A. 0.6 and
N . A . 0 . 9 .

Table 38

Front  lens N.A.
Foca l  leng th
m m

Objec td is tance Cata log
m m  N o .

lmmersed 6.81 . 4 1 .3-1 .5  465257
Without front lens 0.32 30_7 37
Auxil iary front lens
0.63 0.64 1 5 . 3 6.6 465255

1 . 80.90.9 10.4 465256

AcJr ro m ati c-ap I a nati c
phase-contrast condenser lY Zl7

Dry condenser of long object ive distances
wiih aperiure i r is diaphragm for br ight f ie ld
and three annular diaphragms on a revolving
disk, matched with our phase-contrast objec-
tives, for phase-contrast observations of liv-
ing objects in sample chambers.

Table 39

N.A.
Foca l  leng th
m m

Objec t  d is tance in  g lass  Cata log
m m  N o -

0.63 15.3 1 1 465272
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Acfiromatic-aplanatic bright-field dark-field
phase-contrast condenser VZ 465277

F o r  b r i  g  h t - f  i e l d  t h i s  i s  a  v a r i a b l e  c o n -
denser l ike the N.A. 1.4 condenser Z, 465257.

F o r  t h e  p h a s e - c o n t r a s t  t e c h n i q u e  i t
may be used with the N.A. 1.4 front lens in
conjunct ion with our Ph object ives of 16x or
higher power.

F o r  d a r k - f  i e l d  w o r k ,  t h e  N . A .  1 . 4  f r o n t
lens of the condenser is immersed (object
d is tance in  g lass  1 .1 -1 .3  mm).  l t s  aper tu re  i s
then 1 .1-1.4, and i t  is sui ted for use in con-
junct ion with N.A. 0.65 to 1.0 object ives. High-
power oi l  immersion object ives must be
equ ipped w i th  an  i r i s  d iaphragm.

This is the same condenser as 465277.
However, in positions 2 and 3 of the revolv-
ing disk, which are marked in blue, i t  con-
tains two addit ional annular diaphragms for
polar ized l ight.  In conjunct ion with the l ight
regulator 477220 these permit  a phase-
contrast image to be cont inuously converted
into a f luorescent image.

For phase-contrast i l luminat ion this con-
denser with strain-free mounted lenses is
simi lar to the condenser lV Z, 465277. In the
pos i t ions  l ,  l l ,  l l l  and  lV  the  revo lv ing  d isk
contains a double-pr ism quartz wedge and
an aperture diaphragm. Used together with
Planachromats 6.3x, 16x, 40x and 100x, a
polarizer and an interference-contrast slide
47 4431 or 47 44 33, this condenser wi l l  g ive
NOMARSKI d i f ferent ial  interference contrast.
A rotary specimen stage wi l l  be found helpful
for this type of work (booklet 41-210).

Achromatic-aplanatic phase-contrast
ffuorescence condenser 465278

@ @
Achromatic-aplanatic phase-contrast and

interference-contrast condenser 465294
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condensor, 0.13. . .0.90 N.A.
Condenser head, 1.3 N.A.

The pancrat ic condenser is based on the
idea that an addit ional opt ical  system of
cont inuous ly  var iab le  foca l  leng th  shou ld  be
located between the condenser system and
the  condenser  d iaphragm to  image the  d ia -
phragm in the focal plane of the condenser
system at a cont inuously var iable scale and
thus to cause a cont inuous change of aper-
ture. Since such a system at the same t ime
makes i t  possible to image the aperture of the
lamp condenser  in  the  spec imen p lane in  the
sense opposed to that of  the change in image
scale, the product of the f ie ld-of-view diam-
eter and the aperture remains constant.  l f  a l l
e lements are sui tably matched, the basic re-
qu i rement  o f  the  Koh ler  i l l umina t ion  method
can be sat isf ied in a very neat manner with
a  min imum of  man ipu la t ion .

Operat ion is l imited to adjust ing the con-
denser for the maximum aperture of the ob-
jec t i ve  used s imp ly  by  tu rn ing  a  knob.  For
further simpl i f icat ion, three stops are pro-
vided for low-power, medium-power and
high-power object ives. Reduct ion of the i l lu-
minat ing aperture to a value below that of
the maximum aperture of the object ive used
for observat ion is achieved as usual by vary-
ing the aperture diaphragm located in a spe-
cial  insert  in the microscope base. l t  is
mounted so that i t  can be shif ted lateral ly
and rotated and thus also al lows obl ique i l lu-
mina t ion  o f  any  des i red  az imuth .

The pancrat ic condenser can be used as
dry condenser for apertures up to 0.9 or as
immers ion  condenser  up  to  a  max imum
aper tu re  o f  1 .3 .  l t  serves  to  i l l umina te  the
f ields and apertures of al l  object ives from
2.5x to 100x.

The pancrat ic condenser can easi ly be
used for phase contrast.  For this purpose, an
annu lar  d iaphragm supp l ied  w i th  the  un i t  i s
inserted at the plane of the aperture dia-
phragm. By varying the adjustment of the

Pancratic
465290
465291
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N.A.0.6 conoscopic condenser UD

N.A. 0.8 achromatic U LTRAFLUAR-condenser
with i r is diaphragm 46SS57

pancrat ic system, the image of the annular
diaphragm in the focal plane of the phase-
contrast objective can be perfecily matched
to the size of the phase annulus there and
centered with the aid of the diaphragm ad-
justment.

46 55 50 This condenser is special ly adapted to
the posit ion of the object on the universal
stage and serves for opt imum i l luminat ion of
the conoscopic interference pattern. In con-
junct ion with hemispheres with a refract ive
index of 1.555 i t  acts with an aperture of 0.6.
In air  i ts object distance is 17 mm. l ts work-
ing distance from 1 mm thick specimen sl ides
i s  t h e n  1 5  m m .

This condenser for work by ul traviolet
l ight is corrected and parfocal ized l ike an
ULTRAFLUAR object ive (see page 58).  At a
wavelength of 280 mp i ts focal length is
6.2 mm and i ts ini t ia l  magnif icat ion 29.5x.
Although i t  is a dry condenser,  i t  may also be
immersed in the usual glycerin used in UV
microscopy.

This condenser is inserted into the con-
denser carr ier of  our microscopes in con-
junct ion with change r ing 466258, inter-
mediate r ing 46 29 90 and carr ier Ztor micro-
scope objectives, 4655 45.



94

Dark-field condensers Table 40

Des ignat ion N,A ,

Focal Object
length  d is tance
m m  m m

For
ob jec t ives  Cata log
of  N.A-  No.

U l t r a c o n d e n s e r ,  1  . 2 . . . 1 . 4  N . A . ,  o i l 1  .2 -1 .4  5 .9  1  .1 -1  .3  0 .75  -  1  .0  46  55  00

Dry dark-f ie ld condenser,  0.8. .  .0.95 N.A. 0.8-0.95 8.2 6 0.6 -0.75 46 55 05

Dry dark{ ield condenser,0.7 .  .  .  0.85 N.A. 0.7-0.85 8.5 6.5 0.4 - 0.6 46 55 06

For our microscopes with center ing carr ier,  each of these condensers must be equipped with
a condenser holder Z,
For insert ion into a condenser sleeve,
the ul tracondenser must be equipped with the centerable condenser holder S
the other condensers with the condenser holder S

4655 42.

4655 41,
46 55 40.
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Spectacle- lenscondensers For photomacrography with LUMINARS

(table 25),  for photography by polar ized l ight
as  POL mode ls .

Table 41

Diameter  o f  c l ip -on
lens  Foca l  leng th  d iaphragm

F o r  L U M I N A R  c o n d e n s e r  m m  r m m l

Spectac le -

POL mode l
Cata log  No.  Cata log  No.

1 6  m m 1 * 21 3.5 46 55 61 465571
25 mm 2* 3 6 6 465562 465572
40 mm 3* 4 7 9 465563 465573
63 or  100 mm 4 82 15 465564 465574

1 0 0  m m 137 27 465565 465575
*  For  inser t ion  in to  the  center ing  car r ie r  o f  our  mic roscopes each o i  these condensers  must  be  equ ipped w i th

condenser holder Z, 4655 42.
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P H O T O M I C R O S C O P E  l l w i t h  i n t e g r a l ,  f u l l y  a u t o m a t i c  3 5  m m  c a m e r a  i n c l u d i n g  p h o t o m u l t i p l i e r ;
equ ipped fo r  d i f fe ren t ia l  in te r fe rence-cont ras t  in  t ransmi t ted  l igh t ,  phase cont ras t  and br igh l  f ie ld

5.
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ULTRAPHOT l l l  Camera Microscope tor  4"x5" or35 mm photographywith fu l ly  automat ic,  integral  cameraincluding photomult ip l ier .  This instrument can be used tc i r  at t  i6ct in i f iuei  appi ieo- in microscopy.




