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Preface

Whereas inst r !c t ion man!a s dealwi ih  ihe operat ion
of  one par t icu lar  microscope model ,
th is  brochure is  ln tended to furn ish general  in format ion
on rnicroscopy, ihat is, facts which apply equallyto a types
and even rnakes of rnicroscope.
The booklet  serves ihree purposes:

1)  l t  ls  in tended to be a guide for  the beginner,
wi th the a id of  which microscope work
should be a p leas!re f .om the outset .

2) li will briefly recapliulate the most essentiai facts
about m croscopy for the benefit of those
who do noi  use the microscope regular ly .

3)  l t  is  a so for the Lrse of the experenced m croscopist
who wanis to !ntroduce oihers io ihe field of microscopy.
He may f ind one or  the other  of  ihe h ints
conla ined in the booklet  helpfu l  for  ieacl r ing-
I t  should be remembered that  we iake many th ings
for  granted,  and a l l  too quick ly  forget  the d i f f icu t !es
we once had when we made our  f i rs t  acqualntance

We wish you a success and are sufe you wi l l  en joy work lng
wi th your  ZEISS microscope.

CABL ZEISS, Microscopy Depariment
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STANDAFD KF M croscope

1. This is a microscope

l )  Eyepiece,  s  ipped into upper end of  tube.
The engraved value,  e.  9. ,  12.5x,  lnd icaies the magni f icat ion
of  the eyepjece;  mul t ip l ied by the magni f icat ion
of the objective, this gives the tota magnification

2)  I  ube (here an lnc l ined tube for  monocu ar  observat ion) .

When the screw col lar  is  loosened
and the tube pressed against  a spr lng in  i t ,
it can be lifted oui.
j )  Nosepiece to.  q- ic l  e \cha-9e o-ob ec i !es

4) Objecuve designation 40/0.65
160/0.17 rneans:

objecuve magnl f icat ion 40x,  numer ical  apel1ure 0.65
(see explanat ion on page 37) ,
computed for  mechanical  tube length of  160 mn
and 0.17 mm cover g lass th ickness.

5) Specimen siage wiih spring clips.

6)  Condenser (correct  posi t ion is  a ways just  below

Condenser f ront  lens swinging out
for  i l l !minat ion of  largef  objec i  f ie lds.
7 l  l r is  lever  (condenser or  aper iure d iaphragm).
8) Swjng-out filier holder for filters of 32 rnrn diameter.
9) Fine adju€trnent knob. On STANDARD KF Mlcroscopes
th is  aTlows unl iml ted rotat ionl
on other rnicroscopes its rotation is limiled by iwo stops
(lndex beside ihe knob, see Fig. 2).
Coarse adjustrnent knob. With all Zeiss mlcroscopes,
rotation in the direction of the arrow brings objectve
and €pecirnen closer together
( the same appl ies to the f ine adjustment) .
10) Attachable simple substage illuminaior for direct
connecuon to the mains (which can be exchanged for mirror)
with rotary switch and ground glass.
11)  Base wi ih  ihree-poin i  support .  On the !nders ide,
iapped holes for screwing down in cabinei as we l
as two holes for mounting ihe connecilng brackeis
of  separate i l luminators.

r



2. And now a bit of oractice:
we focus a specimen

You have recelved your ZEISS m croscope and unpacked it
according io the recomrnendauons coniained in the pedjnent
inst ruc i jon manual .  l f  you shou d be us ing a mlcroscope for
the first ijme, we recommend ihai you stari by making youF
sel f  fami  lar  wi th i ts  most  esseni ia l  components,  such as
objective, eyepiece, condenser, coarse and fine adjustments,
us ing Fig.  I  as a guide.

Star t  by screwing the object ives in to ihe nosepiece,  work ing
from ow magni f icat ions upwards.  Please avoid touch ng g lass
surfaces, parlicularly the froni lenses of the objectives. lf
you touch them inadvertenily, remove the fingerprint imrne
djately wiih ihe aid of a soft linen rag (see also page 35).

Screwing in ihe objectiv€s

We need €pecimens Our first acquaintance with a rnicroscope rnay end on a
rather cljsappoiniing noie, because we may not have realized
the fact  that  a normal  microscope cannot  s imp y be used for
magnifying any desired object - such as a fly - (for which
thefe are ZEISS stereomicroscopes), but that the oblect we
want  to examine should a lways be more or  less t ransparent
and as f  a t  as possib le.  The wlng of  a f ly  is  a good example.
These requi rements iherefore usual ly  necessl ta ie ihe so-
cal led preparat ion of  specimens,  about  wh ch deia ls  can be
gathered f rom int ioductory books on mlcro iechn q!e,  see the
secuon on literaiure, page 59. For ihe purpose of the present
descr ip i ion we must  assume lhat  su i tab e specimens of
which,  inc identa l ly ,  a  wlde cholce is  of fered by companies
specia l iz ing in  teaching a ids -  are ava lable.  Our specimens
are usual ly  mounted on a so-ca led s lde,  a p iece of  gass
about  26x76 mm ln s ize and 1 mm lh ick,  which is  covered by
an exiremely thln cover glass (various sizes; thickness as
close as poscib le to 0.17 mm).  -  Be sure that  the cover
glass js  a lways on top,  fac ing the object ive



ileight of condenser,

Whai  is  the magni f icar ion?

Caui  on -
in  spi te of  bu [ - in  s l  de protecuonl

The object ive is  ' l  uminated

The microscope stands on a iable so thai  you can took inro
me eyeprece r rom a convenient  posture.  Microscopes wi th
o- i  a  b- i l t - :n  oest  se i  _o -  f ,onr  oI  a aTp
w t f  .  ldrge J forn y en i !  .9  su.{"ce.  (Wo-< w-n spec d l
rn icroscope i luminators is  d iscussed on page 45) .

The condenser is  in  p lace and turned or  pLrshed up a 

 

the
way.  The condenser f ronr  lens is  swung in.  The eyepiece w  
be inseded later .  At  ihe beginning of  an exarninai ion,  we
arways use a ow-power oblectve of  abour 6.3 o.  10x,
because i t  perrn i ts  coverage of  a wider  f ie ld and is  thus best
sul ted for  scanning.  In  addi t ion,  is  depth of  f je td is  greater
ihan thai offered by objedives of higher power, and ii is
ih !s  eas er  to  f ind the p lane of  besi  def in i r ion_

The power of  an object ive is  ndicared by i ts  n i t ia l  magni f i -
caiion. This s ihe f rst one of rhe values engraved on every
objective (see page 28). The toral rnaqnificaiion of rhe micro
scope s determined by mul i ip ly  ng rhe magni f icat ion of  ihe
objective with that of the ey--piece, which s engraved on the
la i ter .  A 10x object ive used in conjuncton wi th a i2 .5x
eyepiece thus y ie ds a tota l  magni f icat ion of  125x.

The specmen has been fxed on ihe stage,  and we now
caut iously  move speci rnen a id object ive c oser  togerher  by
ihe coarse adjustment, uniil they are onty a few rii imoters
apart (observe from the s de!).
In  ZEISS microscop€s,  a s top and the spr ing molnt  of  rhe
object ives prevent  ord lnary specimens (1 mm sl ide,0.17 mrn
cover g la6s)  f rom being damaged by the object ive.  Onty a' " w  s p e c  a l  p  r p o s e  o b l e ( t . - .  a  e  e ( e p - o ^ s

Before nsei r ing the eyepiece of  lowest  powe.  jn to the iube,
we open the j rs  d iaphragm of  the condenser and turn the
i l lurn inat ing mir ror  unt i l  the back lens of  the objec i ive,  which
is  v is ib le a i  the lower end of  the tube,  is  evenly i  uminared.
When ihe at iachable s i rnp e substage j  lurn inator  for  d i rect
connect iof  to  the ma ns shown in Ftg.1 is  used, th is  operai ion
is  not  requi red.  Af ter  the eyepiece has been inser ted,  we



cose the condenser l rs  about  hal fway,  look in to rhe eye-
piece and increase the d stance between the object ive and
the specjmen by the coarse adjustm€nt  unt  I  detat  s  of  the
spec men can be recogn zed,  even i f  they are st  l l  b l l red.

Exact  foc ls ing is  now achieved wth the a id of  the f ine
adjustment. n ihe case of spec mens of very low conrrasi,
f ind ing the foca pane rnay occasiona y be somewhar
dl f f lcLr l t ;  i t  is  fac l ta ted i f  dur ing operat ion of  rhe coarse
adjus imeni  ihe specinren is  s lowly d isp laced on the stage,
because movjng s i r !c tures can be recognized more readi ly .
Clos ing the condenser i r is  fur iher  may a so be helpf !  .  When
the area io  be examlned is  in  ihe cer ier  of  the f ie  d of  v iew,
ihe object ive of  rext  h igher  r r ragni f ica i ion may be moved tnto
posi t ion,  for  which on y the f ine contro l  is  needed for foc!s ing
(parfocal objectives see page 29).

Do .ot  s iop down too far

ALways keep a hand
on ihe f ine adjustment

The adjustment  of  the condenser is  a par t icu lar ty  f requent
source of  eror .  The condenser is  correct ly  adjusred when
i i  s  in  l ts  h ighesi  posl t ion of  d i .ect ly  below th is  and when
i ts  l rs  l ras bee.  cosed o i ly  far  enough ro obia in just
suf f  c lent  coni rast  The beg nner us!a y s lops the condenser
d o w n  f a r  i o o  m u c h .  N e v e r  u s e  t h e  c o n d e n s e r  r s t o d m t h e
imagel  Oihermeans,e.g.  gray f l ters,  mustbe Lrsed for  ih is
purpose.  Lowerng ihe condenser " io  jncrease contrast '
whlch s popu ar  wj th many m croscopists  only  has the same
ef fect  as fur iher  c los ing the condenser i r js  and s therefore

l f  wth objec i ives of  very low power ihe urn inated fe ld
should be too sma ,  sw ng o l t  the f .ont  ens of ihe condenser
and open is  d japhragm iu l ly .

The depth of  f ie ld ln  the specimen correspond ng to a cer ta n
set t ing of the f ine adjustment  js  ext raord nar  y  shal low (more
pronounced wj th h igh-power objectves than wi th lower
powers,  more wj th h igh-qual i iy  optcs than when these are
less good).  This  is  ihe reason why n mcroscopic work ihe
f ine adjus iment  is  cont inuously rnoved up and down n order
to cover  ihe ent j re depth of  the speci rnen.



When the f  ne adjustment  fa i ls lvlost microscopes {excepi theSTANDARD KF) have a I rnited
f  ne adjus idrent  range,  and i t  may happen tha!  ure upper or
ower s iop is  reached dur ing observat ion.  A gtance ar  ihe
side ot  the rack and p n ion w conf i rm th is  (F ig.2a) .  tn  ih is
case,  rotate ihe f ine adjustmenr knob u i r i t  ihe i .dex I  ne ies
rougrr ly  in  beiween the iwo orhers (F ig.  2b) .  Then refocus
wl th ihe coa.se adjustrneni ,  and yo!  wi t t  again have s! f f ic ienr
L.rpper  and lower margin for  f ine adlusrmenr.



Two rnportant poinis:

re axed accommodat ion

When !s  ng optcal  inst rurnents,  such as a microscope or  a
le lescope two th ings are o l  great  importance and sho!  d be

)  rhe e/e 'L  ould be e " 'ed when looking in lo t5 'e/eo e '

2)  the eye should be kept  a i  a  cer ta in d is iance f rom the

Beglnners of ten nake ihe mistake of focusing the microscope
as i f  the magni f ied mage ihey want  to v iew were ocated
very c lose to the eye,  as c ose as a poslage stamp whlch we
want  10 study in  deia for  instance.  Th s near  setung ot  the
eye (= accorhmodai  on)  is  however extreme y t i r ing l l  rnain
ta ined for  a longer i ime.  We therefore recommend work ing
wi ih per fectLy re axed eyes.  At  the beginning th ls  is  done
more easi ly  l f  we imag ne that  we are v iewing the mage as
i f  i t  were at  in f  n i ty .  Thus do not  look 

" in to ihe m croscope
but  thro!gh the microscope".
l f  you are not  qui le  cer ia jn as io  whether  you are real ly
work ing wi th re axed eyes,  make ihe fo owing tes l :
F i rs t  focus the spec men.  Ihen hold a rn i r ror  !n  f ront  of  your
second eye,  which is  not  looking in to ihe rn icroscope,  so thai
yo!  can look o l t  o f  the window or  a i  an object  a l  the other
ero o l  Lhe roon W-e_ you L"  -  Io  rqod t is  e.e " -  _ e fa l
object ,  the other  eye mlst  at  the same ume see ihe micro-
scop c lmage wl ih  rnaximum def  n i i ion.  l f  th is  is  the case,  you
are s l re that  you can work n an absolute ly  re laxed'  s iate.
Always remember lhat  the microscope can be refoc!sed wi th
the a d of  the f ine adjus iment  and can t l rus reLeve your  eye
of  accommodat ion l t  is  character is t ic  of  the exper lenced
rn croscopjst  that  he keeps p layLng w th the f ine adjustment .
ln  ih i6 way h ls  eyes lv l  never  get  t  red,  or  ac i la  y  h! t1

and good coniact"  of  the pup s The second important  po nt  is  the correct  d ls lance of  the eye
frorn the eyeplece.  Shou d ihe eye be broughi  as c lose to the
eyepiece as posslb e as w th a rnagni f ier? Genera y not ,
because the correct  eye point  as th is  ds iance is  ca ed,
var ies according to the eyep ece used.  The best  procedure
s to move in f rom a few inches d is tance unt iL  the f ie ld of



view is widest and sharply defined. In thi€ ca€e, all the lighi
rays emerging from the microscope find their way into the
eye. As is evident from Fig. 3, this is possible orly if the eye
pupil is brought very exactly to the point of constringence of
the m'croscope s light rays, whic$ has therefore been named
the exii pupil of the microscope . When you have acquired
a cei.ain amount of pract ce in the use of a miiroscope, you
will automatically find and keep the right distance from the

coirecr dr3tonce of 6ye rrom eyep ece

Eye puprr redu.es rhe fierd.



Let  !s  iow pa!se to consider  where you may s l i l l  enco!nter
d i s . u l l .  i n . o . r r i - 5 - d  q . a i , r c n ( e  r r .  e r  ' . o  o p -

is  Latera l ly  reversed You have,  of  co l r rse,  noi iced that  the microscopic mage s
ups de down.  f  yo!  d isp lace the spec rnen 1c '  one s ide,  the
lmaqe moves in the opposi te d recuon.  You w ge1 accus-
tonred to th is  so quckly  ihat  yo!  w soon forget  the fact

You c€nnot  obta in a sha-p image

Oval f le ld of  v  ew?

'Mouches !o a. tes '

Ob lque !  urn inat  on

Lt  may happen ihat  you cannot  get  a sharp inrage of  the
specimen in spi le  of  every ih ng yo!  do.  n th s  case,  the t  ne
" d . J " _ n e  _ L c  e r L e  r e d  e d  "  s t o o  r ' e r e d .  - e  p r g e  9 l
o t r  -  ob e r .e ro cFe,  rhe ,oeuin"n be 'o_e "  s ' "  o  - rage

s obta ined.  Then the cover  g ass is  e i lher  far  loo th ick,  or
yo!  have lnadvertenl ly  p laced the spec rnen wrong s jde up
on ihe s lage.  Whatever  the cause may be,  lhe spr  ng mount
of  your  ZE SS object  ve prevents damage to lhe spec men.

I t  s  noi  only  the begl iner  who sudden y f inds that  the f  e ld
of  v  ew is  not  ro lnd.  In  th is  case,  e ther  the obtecuve has not
fu y  engaged i ts  c l  ck s iop pos t  on or  the f i  ter  ho de.  below
the condenser or  n f ronl  of  the I  lnr inator  is  not  swung in

Another  phenomenon may at  f i rs t  be nexpicabe to the
beginner Spec mens wi th a wide c lear  background may
show st range,  i r regular  patches,  shaped rather  lke worrns,
which remain stat ionary when the eye ls  f  xed,  but  which star t
rnoving when the v ewlng d fect ion s changed.  These are ihe
shadows of  inhomogenei t  es in  the aqueous hurnor  of ihe eye,
wh ch become v is ib le whenever the ex t  pupi l  o f  lhe m cfo
scope becomes ve ' . /  smel l :  j f  the condenser i r is  is  c losed
down too far  or  f  a  hgh-power eyepece s !sed.  ( lncden
ta y the same shadows can be seen I  you look at  a un torm
sky.  However,  ihe sky musi  be br ight  because ony then do
the eye p!p i ls  c lose far  enough.)

A st range ef fec l  may occur  when the image in the mlcro-
scope adopts a cer ia in re ief  appear ing aLmost  to have a
th l rd d i rnens on,  and focus ng seems to 'sh l f t  ihe image.
Th s a ways happens i f  you have ob que I  um nat  on" .  A
glen.e in to the tube wth the eyep ece removed wi i !  show
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Keep both eyes open

A. accesso r :  the ere s(reen

Wj lh or  wi tho! t  eyeglasses?

you that  the back lens of  the objectve is  not  uni form y
i l lum nated.  Th s can be cof fected by readjusr ing rhe minor

I  you are not  ucky enolgh to have a b nocular  tube f rom the
very star t  (so that  you can look in to the m croscope wi ih
both eyesl ,  observat ion wi ih  ony one eye wi i l  a t  f i rs t  be
somewhat  df fc ! l t .  We therefore advse €verybody who
ihrows rnore than lust  an oc.as lonal  g ance nto the m cro
scooe to keep h is  s€cond eye open f ronr  the very star t .  The
image seen by the second eye,  whjch is  natura l ly  super im-
posed on the mic.oscop c mage wi l l  be found d ls iurb ig
on y in  t l re  beg nn ng and w I  la ter  be subconsc ous y s !p-
pressed.  ln  order  not  to  hafm the unlsed eye by lh is  fornr
of  d iscornect ion ,  the eyes shou d be Lsed a l ternate ly .

Cosing one eye for  a longer per iod of  lme s very l i r jng.
L l  you canrot  get  acc ls iomed io leav.g ihe second eye
open and i f  the acq! is  i  on of  a b inocl r lar  tube s notpossib e
a cardboard screen may be s lpped onio the tube n s lch a
manier  that  the second eye is  covered.  Some people make
h " , r  o . \  b i . o  . p - o 1

(F g.  4,  not  commerc a l ly  ava lable) .

Any ZE SS mjcroscope can easi ly  be conver ied fof  b nocular
observat ion s nce ih  s  only  means changing the lube

Here a so the q lest  on ar ises how eyeglass wearers sho!  d
/ o r k  T t s F  b " .  L o  f e - p  e  g t o r . -  o
and to lse specla eyep eces for  eyeglass wearers.  Blbber
guards avold scratchlng of  the eyeglasses.

Lf  th is  is  nct  poss b e,  you sho!  d f i rsr  of  a f  nd o l t  wherher
your eyeg asses have spher ica or  tor ic  enses.  This can be
detem ned very eas ly .  Ho d you.  g lasses in  f ront  of  yo!
at  arm's engih:  the enses w e rhef  reduce or  magnt fy  an
object  on ihe iable.  Then rota ie the g lasses abour the center
of  the ens thro lgh wh ch you afe ook ns.  l f  the shape of  ihe
ob  6 .  dob  o i  cha  od  d  r ' -  g  as<a .  o  6  o td teo  .  e  6
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has on y spl rer ica l  powert  however,  i f  length and width of  the
object  change dur  ng rota i ion,  the g asses have ror ic  enses
(Fig.5) .  ln  the la t ter  case yo!  wi l l  have io keep the g asses
on or  have auxl iary lenses made f rom your eyeglass pre-
scr ipt ion,  which are then s l ipped onro the eyepieces (ensure
correct  orentaton!)  l f  your  g lasses have only sphertca
e n s e s  / o .  o n  p  o . e  L h e r  . o  ̂ o r l  n  r l  L h e  .  o .  o p e
and no oss of  sharpness wi l l  be observed.  In  rhs case ihe
vjsual  defect  is  compensated by the adjustmeni  of  rhe



How ls  af  i rnage formed?

br ightness and €harpness

3.  A br ie f  g lance behind the scenes

After  you have foc lsed the speci rnens rn accoroance wrth
the explanat ions ln  ihe preceding sect ion,  you wi  

 

know that
your  m croscope does work.  However,  you w t l  or ty  der ive
fu l l  sausfacton f rom i t  f  yoLr  know at  least  someih ing about
how i t  works.  l t  is  natura l  rhai  ih ts  "gtance behind the

only be a br ief  one,  and lsers
study the iheory o l the m croscope jn morederat  are referred
to f l re  l terature indicaied on page 59.
As an opUca inst rumenr rhe microscope forms a magnj f ied
lmage of  a sm€l i  object .

We must  f i rs t  o f  a l l  !ndersrand th€ formauon of  an image,  for
which we shal  choose a very pr im t ive example.  f  you are
standing in  a dark corrdor  and the keyhole of  a door  ts  of
appropr  ate s ize you can c lear ly  see a p jc iure of  the window
in that  room prolec ied on the opposi ie  wal l  o f  rhe cor idor
tp in hole canrera) .  You immediate ly  recognize what  s
happenlng:  every point  of  ihe wlndow emi ls  l ighr  rays n a l i
d  rect ions.  Whi le most  of  them end on ihe wa s or  a i  the
door,  a few of  them pass through the keyhole (F ig.6) .
Consequeni ly ,  a  br  ght  par t  of  the wtndow produces a br ight
patch on the wai l ,  ard a dark par t  produces a dark parch
And because a l l  ight  paths can just  as wel l  be fo l lowed in
ihe opposi te d i rect  on,  we may a lso say thai  every po f t  on
t h e w a l i o f  t h e c o t r i d o r ( = u n i t o f  a r e a l  s e e s  a m o r e o r r e s s
br ight  spot  of  the window through ihe keyhole (F ig.  7) .

The drawback of  such an mage is  above a l i ts  low br ighi
nes€ which would inrmediate ly  be increased i f  the hole were
larger .  So lets  make i t  arger
Through ihe b igger  ho e,  a uni l  o f  wal l  area now sees" noi
only  ihe dark f lower pot ,  b l t  aso ihe br ight  window pane
beside t  (F ig.  81.  As a res l l i ,  ih is  !n t  is  now nei ther  dark
nor  br lght ,  bLr t  gray -  the d iv id ing l ine between the pot  and
the pane is  now blured in  ihe image on the wal  .  In  other
words, thetwopointsatadsiance d are no onger resolved'
l .  e . ,  ihey can no longer be recognjzed separate ly .  Nalura l ly ,
ihe b gger  the hole ihe more b lurred s the lmage.  This is  due
to the fact that in a p n-hole camera ihe rectilinear propa-
gat ion of  l ight  does not  make a point  correspond to another
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A lens is  the solut ion

point, but io an area whjch increases in size, the bigger the
opening is (Fig. 9).

A lens has ihe extrernely valuable properiy of refraciing ihe
light, thus counteracting ihe principle of the rectilinear
propagation of lighi (Fis. 10). In an ideal case it therefore
becomes po€sible to combine both fequirements, viz., bright
image due to large aperiure and imaging of a point as a true
point (the latier with cedain restrictions; see page 37).

L



There s only  one p lane

How big wi l l  the image be?

We bui ld  a model  microscoPe

and f rst imageJorming system

1 8

As an example,  le t  us consider  a camera tak ing a p ic ture of
a p lant .  The lghi  t ravels f rorn any poin i  on the p lant  jn  a l
d i rect  ons (F ig.  1 l ) .  A par t  of  the l lght  rays is  ln tercepted by
the object ive lens,  ref racted and recombined in the f i lm p lane
l f  behind the p lant  there is ,  for  examp e,  a window, then the
ray6 emanating from there do not recombine exactly in the
f i lm p lane but  in  f ront  o l  i t ,  a id on the f i l rn  a c i rc le of  d ia-
meter  I  is  inaged instead ot  the point :  the window is  out  ot
focus (F ig.12) .  "Focuslng can be achieved only by a re la i ive
displacemeni  between ens and f i lm p lane.  This shows that
!n an image formlng system a g iven object  p ane is  a wavs
.o ' re dteo ro "  d.  r '  le  p lane o ' "Fa p Inagel

Apart from the locaiion of the irnage pLane, however, ihe
objec i  image rato is  l ikewise f ixed.  This ra i io  is  normal ly
exact ly  ident ica lwl ih  ihe re at  onship between objectd is tance
(objec i - lens d stance)  and lmase d is tance ( lens ' image

distance) (Fis. 13). The rorrnula *""a ,r 'r" -"d, 4-i

Slnce ihe image d is tance b in  the camera is  smal ler ,  usual ly
much smal ler  than the object  d is tance a,  th is  opt ica l  jnetru-

meni  of  course f ! rn ishes reduced p ic tures.

We now know enough io t ry  and bui ld  a rnode m croscope
frorn the cornponenis we have Learnt to understand - a
concrete model  i f  possib le,  or  otheMlse an i rnaginary, '  one

The microscope is  io  magni fy ;  therefore the camera g lv jng
reduced mages is  not  su i tab e as a basis  for  our  model
microscope. We are ooki.g fo. an opiica inslrurnent which
provides enlarged images,  i .  e . ,  n  which the image is  mlch
further away from lhe lens than the object SLrch an instru-
ment  is  fo lnd in  the fami iar  s l ide pro jector  (F lg 14r  A=
object ,  ihe s l ide i  B = screen imagei  L = pro iect ion ensl
Slnce in  th is  case the object  the s l ide,  does not  ern i t  L ight
i tse l f ,  i t  mlst  be i  luminated f rom behind Let  us iherefore
place a Lamp behind l t  (F lS.  15) .  However,  the s ide js  much
larger  than the lamp f  arneni  and ihe lers d iameter ,  so ihat
only the ighi  rays passing thro lgh ihe cenier  of  the s l ide



I





The second maqeJo m ng system

reach the lens.  Besul t :  the f  e  d s noi  f l t ly  umjnaied,  ihe
marginal  zones remain dark -  Thts can be remedied by a
ight  source which is  at  leasi  as arge as ihe stde.  An
i l iuminated ground-glass screen is  su i rab e for  th is  purpose.
The lght  s t r ik ing ihs screen is  def lecred in  a 

 

d i rec i tons
(Flg.  16)-  Such a screen a lso a ows ihe jght  rays t ransmi i ted
by the per ipheral  par ts  of  rhe s l ide to enler  rhe tens.  How
ever,  th i6 is  rather  uneconom cal  because the major  parr  of
ihe ight  rays s defec ied in  d i recr ions in  whch we do noi
need any l ight .  A bet ter  so lut ion is  a tens (here cal led
condenser)  wh ch d i rects a l l  inctdent  rays exctus ive y to the
point  where they are requtred:  to  ihe pro ject ion ens(Fig. j7) .
We th ls  have the fac i  ihat  in  the f i rs i  p lace the l ight  source
s i rnaged by the condenser in  the pro jecr ion lens,  whi te in
the second pace an rnage of  ihe st ide is  formed by rhe
projec i ion lens on the screen:  a so cat led nrer tock ng lghr
path such as we f ind in  the microscope wth the so,ca ed
Kdhler  method of  i l l !m nat ion (see page 451.

Let  Ls now turn to the enlarged mage on the pro ject ion
screen.  How big we see th is  mage depends q l i re  decis ive y
on lhe dstance f rom which we vew i r .  f  we move hat fway
up to the screen,  we see the image exact ly  rwice as large as
before,  i .  e . ,  wi ih  2x rnagnf icaton".

t  we draw a l ine,  as shown in Frg.  18,  f rorn one edse of  the
picture 1o the eye of  ihe obseruer  and f rom there back io  ihe
other  edse,  an angle (c)  is  subtended,  which s the angle of
v iew.  The rnagni f icat ion is  dererrn ined solety by the magnl
tude of  th  s  angle.  For  normal  s l ide pro jecr  on we shal l  nor
move too c ose to the screen,  because the unsharpness of
ihe imase (e 9. ,  due to sra in)  wo!  d be d is turb ing.  For  our
experiments we therefore Lrse a microscop c specimen
nsiead of  a s l ide,  for  examp e a f  ee,  which,  contrary to the

side revea s ever  new deta s even Lrnder considerable
magn f lcauon.  n the i f terest  of  h igh magni f icar ion we may,
of  course,  move !p as cose as possib le to rhe rnage,  but
eventua y ou. own shadow w ll nierfere We therefore look
ai  t l re  p ic ture f rom the back of  the l ransparent  paper screen.
The fact thai ihe picture is thus aierally reversed need not
worry us.  The next  s iep:  we exchange the paper screen for  a
ground-glass screen and,  n addi t ion,  use a magni f ier  for
v lewing t l re  p ic ture.  A magni f ier  can increase the ang e of
v iew and ihus the magnl f lcaton conslderably.  An object



(Fig. 19) viewed once with the naked eye from a reading
distance" of 10 ins. and then through a magnifier is seen
under considerably higher magnification due to the refraction
of rays. But ihe magnifier also magnifies rhe texture of the
ground g lass so that  i tbecomes d is turb 'ng (F igs.20 and 20a),
and we therefore investigate whai happens if we simpty
remove rheground glass. The image witt stitt exist in rhe same
plane in the form of a so-called aertal image. Through our
magnifier this aerial irnage will, however, be visibte onty in
the direction of the illuminated projection lens and around ir
there will be darkness, because ihe rays miss the magntfier.
This is illustrated in Fig.21. ln rhis case, rhe remedy consists
once more in the use of a lens in exactly the pjane in which
the image 's formed. Just as a magnifier placed directty on
writing does noi magnify the letiers, a lens located exacity or
almost exactly in the image plane has no effeci on image
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(see the corespondins rLtudraudns

sharpness,  bui  con.r 'oLres to bnghtening the , rd,g, ra,zones
or rne natd bac€use rhe rays passing t fese zu,re6 are r rans-n i l l -ed In io th€ eye (T,9.22) .  fhese t rerd tenses,  ,  as r !ey areca eo.  are rhe.ero.e becer  tha-  Srourd Srass"s ana ,n@orf lon, i rey do not .  in l roduce vo-btesome g.a in i r lo  t ter t r€g€ t rn other  words we have here a case which:s verysrn lar  lo  rhe one nenr,oned above,  wne-e we had a tenspraced as a condenser between ,anp and s, ioe _ t ikewise
as a ground-gJass subsiitute).
Tle- effrciency ol our noder p.oveo by rhe
l i - * : l - :  

. "  f te  ro ow:rs p€se.  rhese are 1ol  senurnemr.roscop;c iTa9es b. t  inages ac.L€JJy produced by a 2r2proj -c tor  and two soectacte terses.  One spFctac,e rens was
usao as a t ie td iers,  lhe orher  as ar  eyetens.  r le  eye wasrepresented by a reftex camera wjth its jens focused atinf'nity.



i h s  swha i rhe  i t e rmed ra te  maqe  ook rk .

a.c ob3eiy:d sr.!qE a m.sn fer tF n 20)

remore.r(Fiq ,r)rrra srah i6s d epp*E

op ina  res !  t s , r e  p rod rced  o i  ywhen  ! 3  ns
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: rom the nrodel to the Very few changes are reqLr t red for  the step f rorn th js  pro jec ior
wth magni ie .vewng to the rn croscope.  Thus rhe image
d stance o l  severa Jeet  s  ioo awkward.  We shol ld  atso ike
to have both optcal  sys iems.  v : . .  ihe one caLs ng rhe f i rsr
m a g n t c a t o n  ( t h e  o b j e c t v e )  a n d  i h e  o n e  m a q n f y n g  t h i s
rmage a second t  me comb ned n one ns!r !  neni .  The ent  re
seiup can be kept  mlch sma er  by approprare see. i ion of

b ,  l . ! . w 6 -  e .  e - d o , o .  . - o  -  o t  . -  o . o p "
aroLrnd th s  ight  path and keep in m nd thai  the path o i  rays
s  u s ! a  l y  f c d e d '  f o r  g r e a t e r  c o n v e n i e i c e  a i d w e h a v e
a  r e a  m i c f o s c o p e  { F s . 2 3 )

o

@



The pr inc ip le in  a nutshe The pr inc ip le of  ihe microscope nray ihus be sumrnar zed as

The microscope object  ve f i rs t  forrns n the t lbe a magn f led
aer a l  image (  n lerrnediate image) of  the specimen i  uminated
from below by the lamp and the condenser.  However,  th is
image is  not  in tercepted,  bur  v iewed under magni f icat ion
through a magi i f ier  (c€ l led eyepiece)

n the forego ng paragraphs we have t r ted to exp a n ihe
basic facts of  the mlcroscope as c eary as possib le;  in  doing
so,  however,  we would g ive no exaci  descr ipton.  tn  ihe fot -
lowing,  ihe reader who s more fami lar  wi th opt ica l  subjects
wi l l  f ind inst ruct ions for  the design of  a rn icroscope t ight
path.  In  pr jnc ip le,  th  s  is  rea y qut te easy.

Fig. 24 shows the objective Ob with rhe two foc F I and F 2.
The spec men of  s ize A B is  iocared s l tght ty  ouis ide the foca
lengih.  From A two rays are t raced:  one paral te l  to  rhe
opi  ca l  ax is  thro lgh ihe focus F 2,  and ihe o iher  ihrough the
lens center, which is therefore noi refracred. The iniersection
of  both rays g ves the i rnage of  A,  A ' j  in  the same manner,
B '  resul ts  as the image of  B.  The image A'B ' rhus obta ined
ls enlarged reai  ( i .  e . ,  i t  can be in tercepted)  ano reverseo.
This corresponds io ihe paih of  rays in  the m croscope up to
the f l rs t  aer ia inrage.

n another  case [F js .  25)  we aranse a lens Ok n such a
manner in  re la i ior  to  an object  B 'A '  thai  the la l rer  is  sh i f ted
sl ighi ly  of f  the focaL point  n the d i rect ion of  the lens.  The
design of the path of  rays is  analogous:  Af ter  being ref racted,
the parale l  ray passes ihrough the focal  poin l ,  wh le the ray
ihrough the ens cenier  ts  not  def lected.  Si l l ,  the two rays
do nor intersectr only their extensions ro ihe rear have a
po nt  of  in tersecuon a i  B"  or  A" .The mage B"A" is  l ikewise
enlarged,  but  erect  and v i r tual ,  i .  e . ,  t  cannot  be in tercepted
because the l igh i  rays do noi  real ly  in tersect  at  the points B"
and A".  -  This  is  the l ight  path of  a magni f ier  and thus a so
o f a m c r o s c o p e e y e p i e c e

Lf  we conneci  these two l ight  paths in  such a manner thai  the
mage formed by Ob s at the same iime the objeci for Oc,

then we have the two-stage lmage formai  on of  a compound
microscope (Fig 26) .

The design of  ihe l igh i  path

Firs t  magejorming system

. . .  a n d  s e c o n d  m a g n  f c a t o n
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Geometrical optics, wave optics We must confess thai with the geometric optical light parh
discusEed up to now we have investigated only one aspect
of image formation in ihe microscope. Another is the wave-
optical aspect which is, however, beyond the scope of ihis
booklet. A concise description, in which this second aspect
is also laken into account, will be found, for example, in
"How 

to use a Microscope by W- G. Hariley, American
edition edited by John L Lee and Bernard Friedmann, The
Natural History Press, Garden City, New York lg�n.
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4. Practical hints

After  a br ie f  exc!rs ion n io the theory of  the rn icroscope
therest l  remain a few facts the understandjng ofwhich s
ot  lmportance for  pract ica l  work.

Objective
Engraving and other  character is i  cs

The objec i ive is  engraved wth a value (F ig.  27)  which
ndicates far  mofe than in i t ia  magnl f ica1!on atone.  Ler  us
repeat  ihe examp e on page 5

40/0.65
I60/0.17

means,  n i l ia l  magnfcat ion 40x ( rnul i  p  ed by eyepiece
magnl f ica i ion = tota l  nragnfcat ion of  microscope);  numer
ca aperture 0.6s ( for  explanat  on,  see page 37Jr  for  use
wth m croscopes wi th a mechan cal  iube ength of  160 mrn
( d  * d - . e  o e . ^ a e '  o b , . ' r  -  r l " . q e  c n d  e . e o . c e  s " .  9
face)  and w th a cover  g ass of  0.171 0 01 mm thckness.

nstead of  10.17 the engrav ng may a lso read /  = insensl -
t ive to arger  devia l lons of  the cove.g ass ih ickness /0 =
correctedfor"zero cover-q assth ickness .e.  foruncovered

Objeci ives wi tho! t  any fur the.  engrav ng are ihe wldely
!sed achrornats.  Other  engraved abbrevia i ions f requent ly

Plan = P anachrornat  i .e  f la t - f ie  d achromat
Neofuar  = h igh 'aper iure object ive (see pase 37)  wi ih
mproved color  rendi t ion,  h lgh contras i ,  b ! t  w thoui  f  a t  f ie ld.
Planapo = P anapochrornatr  object jve of  optm!m coor
correct  on,  maximlm €pert l re and f  a t  f ie  d.

LJ l t .a fuar  = specia object ive for  Lr  t rav o let  r l1  croscopy
cotrected for  wave engths between 230 and 700 nrn.

E p p a n  =  f a t - f e l d  o b j e c t i v e  f o .  v e r t i c a  b r g h t ' f e d  i u -

Ep p lan HD -  f la t ' f ie  d object ive for  ver t  ca brght  fLe d and
dark- f  e ld i l iuminat  on ( in  conj !nct  o.  wi th concentr  c
ref  ect ing or  .e f .act ing condenser) .
POL = st ra in f ree object ive for  polar  zed ght  m croscopy.
Ph 2 = phase contras i  objec i ive for  d iaphragm 2 of  the
pnase conrrasr  conoensers.
m. l .  =  object ive w th i r is  d iaphfagm a so su ted for  t rans
rn t ted darkJ ie d I  urn inat ion.

n
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and ihel r  prerequie l ies

Kon.  -  h ish aperture oblectve wi th correct ion co ar  io
a l low for  d i f fereni  coveFg ass th icknesses (see pase 43) .
n addi t ion,  co lored r .gs near the knur led rng fac i l i ia te

recogni i ion of  ihe d i f ferent  magni f icat jonsi  b lack -  1x,
b r o w n  2 . 5 , <  r c t l - 4 t ,  o r a n g e - 6 . 3 r , y e  o w - 1 0 ) . ,
l ight  green 16x,  dark green -  25)<,  l ight  b lue -  40x,
dark b lue 63x,  whi te -  100)<.  (The color  r ings referr ing
to the mmers on rned um, however,are c lose tothe object ive
f ront  ens;  see tab e above.)

Former ly ,  changlng object ives was rather  inconvenieni ,
because the tube had to be l f ted before iurn ing ihe nose
pece,  and every object ive had io be focused separate ly .
Today, tl.e objectives are parfocal . Th s means thai they
are opt jca ly  and mechanc a ly  des gned so that  ihe d ls iance
between thd spec rnen and the aer ia lmage is  a lways
constant .  S l ight  refocusing wi th the a id of  ihe f ine adjust
nrent is therefore s!fficient to resiore critical sharpness of
the image af te i  changing f rom one object ive to another ,
whi le  the coarse adjustment  need no longer be operated.
This feature is  par t icu lary valuable when work ing wi th o i i
immers ion,  in  which case the depth of  focus is  so smal l  that
focusing wlthout padoca ized objeciives usually presents
considerable d i f f lcu i ty .  (Only the especia i ly  ong Planachro
mat 1 objecuve ls not parfoca ).

I t  should,  however,  be noted that  a few cond uons musi  be
satsf ied to mainta in the par foca set t ing of  the object ives:
jn  the f i rs t  p lace,  on y eyepieces engraved "CARL ZEISS'
must be used (oiher eyep eces are des gned for a different
locai ion of  the aer la l  jmage);  secondly,  the observer  m!st
have normal  vs ion (or  the v isua defect  musi  be cotrected
by eyeg asses or  a focuslng eyelens) i  and f ina l ly ,  coreci
tube engrh is  essent ia (wi th brnocular iubes, ident ica vatues
mlst  be set  at  the eyepiece tubes and the whee between
the eyepieces.  See page 32.) .



A s ingle type for  a l l  ob ject  ves

Eyepleces for  spectac le wearers

Normal  medium to h gh-power object ives have a retat ive ly
shor t  work ing d stance and may knock against  the speci rnen
unless spec a l  care is  taken.  n order  to preveni  damage ro
the specinren or the front lens of the objective, these
objectives therefore have a built'in spring so thar the
objective as a whole wi y eld io pressure. Sorne objectives,
par ic ! lary those for  o i l  i rnmers ion,  can be locked in the
retracted posi ton by c ockwise ro la ion.  Ths is  io  avoid
soi l ing of  the spec rnen wth o lwhenihe nosep ece is turned.

A very important h ni regarding h gh dry objecrives wt I be
fo!nd on page 39 (correct ion col lar) .

Wh le a few year6 ago il was necessary to use differefl
types of eyep ece for olv power and high-power objectives
(Huygens and compensat ins eyepieces) ,  ZEISS m croscope
object ives are now general iy  used wi th compensaung
ocuars.  Consequenty eyep eces need no longer be ex
changed when chafs ns over  f rom ofe object ive to anoiher .
ln  spte of  th ls ,  two c lasses of  eyepiece are s i t  being
manufactured.  Whi le ihe s mple C+ype eyepieces are
pr imar l  y  used ln conj !nc i  on wi th achromat c  objec i ives ihe
Kpl  (compensat ing f  a t  f  e ld)  eyep eces afe in tended for  the
other  object ives of  h igher  correct ion b l t  rnay,  of  course,
a lso be conrbined wi ih  achromats.

r 0 t  ob ledve ,3x  ayep iece  =
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The mosl  widey used eyepiece magnfcatons are 8x and
12.5r .  Fg.  28 shoyTs a ls i  o f  a l l  resul iant  magnl f icauone
which can be obla ined wl th our  mjcroscope objectves and

Part icu ar  meni ion should be made of the eyepieces specia l ly
designed for  spectac le wearers.  As was ment io ied a ready
on page 10,  ihe ex i t  pup of  the microscope and the eye
pupi l  must  co jnc ide i f  ihe ent i re f ie  d of  v  ew is  io  be covefed.
Wi ih normal  eyepieces,  lhe d is tance between ihe edge of
ihe eyepiece and the ex i t  pupi l  (eye point )  is  so shor t  that
eyeglasses cannot  bekept  on i f thetwopupi ls  areto coinc ide.
The hgh eye polnt  of  the specie l  eyepieces for  eyeg ass
wearers rnakes th is  possib le even when the eyeglasses are
not  removed.  The rubber guards suppl ied wi th these eye-
pieces prevent  scratching of  the spectac le lenses.  -  f these
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Fie ld-of -v  ew nurnber

Kpl  w de-arg le eyep ece

spec a l  types ot  eyepiece are used by obseruefs nor  wear ig
g asses,  care mLr6t  be taken 1o keep the eyes at  an adequaie
distance f rom the eyepieces.  l f  necessary,  f lnd f9 sre correcr
d ls tance can be fac i l i ta ted by st ipping eyecups onto rhe

Apart  f rom ts in  t  a l  magn f rcat  on,  an eyep ece s chafac-
ter ized by rs  f ied ofvew nlmber.  Wi ih the ad of  ihs
number l i  is  easy io  calcu ate rhe d iameter  of  ihe f ie ld
covered in the specimenplane,becauserhis  is( in  m imerers)
eq!a to the f le ld of -v tew number d jv jded by the in i !a l
rnagni f icat ion of  the objedive.  The f le td-of  v iew numDers or
ihe most  f requent ly  used eyep ece types are g iven belowj

5 x
6.3r
8 X
8 ) <

10 )<
l 0  r
1 2 . 5 . 1
12.5'�(
12.5)..
1 6  I
2 5 X

20
1 8
1 6
1 8
1 6
t 6

1 8
1 0
6.3

Exanrple i  a  10) .  object ive in  comb nat ion wth a l2 .Sx eye-
p ece perrn i ts  a f je ld of  1.25 mm diameter  to
l l re  spec men plane.

The m croscope can easi iy  be equipped for  b inocular  obser
vai ion by exchang ng ihe ord inary iube for  a b inocular  tube.
The eyeplece s leeves of  ih ls  i !be can be d isp aced in re lar ion
io each other  on a s lde to a l low for  adaptar ion to rhe
ind v d la l  in terpup arydis tance of the observer .  l fyouknow
your in terpupi l  ary d s iance,  yoLr  may sel  ih is  va lue on the
whee jn the cenier  by drawing the tubes apart .  f  you do not
kfow th is  value,  look in to the eyepieces and vary ihe
distance beiween the tubes uni i l  the f ie lds of  v iew seen by
both eyes co nc ide exact  y .  Thevalue tndicated on the ceni ra l
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wheel rnust then also be set on each of the eyepiece
sleeves. This restoresthe co rrect .n echan ical tu be length which
has been changed by the inierpupillary disiance setting, at
the same time ensuring that the objectjves are padocal (see
page 29) .

l f  you should have the impression ihat  your  v isual  acu ty  is
different in the two eyepieces, adjusi the eyepiece s eeve
onihepoor s ide unt i lboth eyes seethe same, sharply  def ined

Because ol its great imporiance we want to repeat once
more that the correct pos uon of the condenser is always at
iis upper stop; it is lowered slightly only for the Kohler
method of  i l luminai lon {see page 45) .

I  urn inat ing large f ie lds

Obl ique i l lum nat ion

The requi rernents made of  a condenser are par t ly  contra
dictory, because it is Jrot only ihe large object fields of the
low-power objectives which have to be illumjnaied, but also
the pupils of high-power sy€iems of high aperiure. Some
condensers are therefore equipped with a swing out froni
lens: as soon as a owpower objeciive reproduces more
than the condenser i l luminates,  the condenser l r is  is  opened
fu y and the front ens swung out. Condensers without a
swing-oul  lens usua ly  a l low the f ront  ens to be unscrewedl
i f  even th is  is  i rnpossib e,  then l t  is  necessary to change the

For phase-contrast  j l l !minat ion a specia l  condenser is  used,
the design and operation of which are described in the per
t inent  inst rucuon manual .  These phase condensers are a lso
su ted 'o  so-ca ed obl ique i  u-r inal  on .  and
for  dark- fe ld i l luminaton.  Af ter  the microscope has been
adjusted under br lght- fe ld i l luminat ion,  turn the turre i  p late
f rorn i ts  c l ick-stop posi t ion " l "  ( i r is ,  i .e . ,  br ight  f ie ld)  to  the
ef t  or  r ight ,  and you wl l l  immedia ie ly  not ice the three

dimensional  ef fec i  which is  typ ical  of  obl ique j luminat ion.
Shortly before ihe field of view is completely obscured as
you keep turn ing the p ate,  one-s ided dark j ie ld i l luminat ion
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Nofrna i .e . ,  dark j ie  d i lumiraton f rom al l  sdes can be
obta ned wi th ow and med um power objectves by choos ns
ann! lar  d aphragms of  ihe phase'cont fast  condenser wh ch,
d!e io  the r  s ize,  remaln outs ide the oblect ive apedlret  th is
can eas y be checked by lookng into the t lbe af ter  having
removeo rne eyep ece.

For fudherdeta l  s  on specia darkJ e d condensers,  reference
s made to the broch!re G 4C-165.



Enemy No. 1: dust

D r ty  object  ve f ro. i  e .s

a.re6n objecrive froni lens siheftur
p re requ i3  i e  f o rb .  t i ad  masas  ( r op l

Even a;nsefpl rt oi rhe f.ont Lens
w rru n rhe contrud (bordh).

5. Care and c leaning
of the microscope

An instrurneni whlch has to sat sfy the most exacring requ re,
ments regardlng rnechantca and opt ica l  precsion natura y
demands a cer ta in amount  of  care.

Dust  is  pract  ca l ly  everywhere and may becorne a sol rce of
t ro lbe wherever  -  as n the nr icroscope -  . fechanical
par ts  are mov ng in prec is ion guides.  When the t racks are
cl  r ty  they need washing and regreasing whlch shoutd
pfefe.ably  be done by the manufacrurer .
Dust  on op!  ca l  e lernents wi l l  degrade the image qual  ty  to
a greater or esser exteni. lt is true rhai a surfaces exposed
to d ls t  are a lso easiy  access b e for  c  ean ng,  but  no g ass
surJace is  i rnproved by 'c leaning ' ,  so that  ihe best  advice
is  a lways io  avoid exposLre of  the m croscope to dust  by
cover ing i t  up wi th a hood whef  not  n lse or  by keeping i t
in  a cablner .  Specral  care should be raken ro ensure that  the
t lbes of  the m croscope are a lways cosed ether  by an
eyep ece or  a dust  p ug.

Whi le d ls t  par t lc  es on the eyeplece w only g ve r  se to
paiches in  ihe image -  which noi  every observer  f ind6
d stu.b ng -  a d i r ty  object jve f roni  lens may hopelessly
reduce the sharpness of  the rnage,  or  at  least  i ts  contrast .
DLre to the fac i  that  j t  ls  c lose to the spec men and possib ly
to ihe lmmersjon o i l  o f  ihe coverglass,  but  par tculary to the
hand operat  ng the nosepiece,  the f ront  lens of  the object ive
i s  -  . p . r i " l  d . 9 e -  o "  g e r r . 9  s o l e d .  t . -  - l  e  S n r e s -
f ingerpr int  may have grave consequences (F igs.29,30J.
Before s iar i ing important  work t  s  adv sab e par t icu ar ly
i f  the microscope ls  not  used by one observer  a one -  to
lnscrew every oblectve and check t  carefu y wi ih  the ad
of  a magni f ier .  Dr t  is  eas y re.ogn zed f  the objec i ive is
held so that  the image of  a lght  so l rce is  ref lected f rom i ts
p lane sur face.  ln the case of  objectveswhichhave a concave
fronl  ens,  a d l f ferent  approach s indicated,  v iz . ,  io  examjne
ihe sur face of  the f ront  lens f rom the screw thread s ide.  The
remain ing lens e ernents can a so be exarnined eas ly  and
any fau ls  (cracks,  "s tar t  ng of  the cenrenO detected wi th-
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Hints on r roub e-shoot  ng

Cleaning,  but  how?

Should st r !c tures be foufd in the imagewhich are suspected
of  belng extraneous to the speclmen,  the fa! l t  nay be t raced

l f  the t roub e can be e l lminated by s ight  adjustment  of  the
condenser,  the cause must  be soughi  in  ihe bulb of  the amp,
ihe lamp condenser or  the f l ter  in  f ront  of  t .  F lowever,  i t
ad just rnent  of  the condenser does not  produce a.y resul t ,
the nexi  s tep s to turn thefocusing adj l rs tment ,  wh ich should
ei i rn inate a I  taul ts  due io soi l ing of  the condenser f ront  ens
or  the specimen.  l f  th ls  does not  lead anywhere,  s l ight  v  turn
f  rs t  the objec i ive and then ihe eyep ece,  and yoLr  wi l l  lmrne-
diate ly  not ice in  which case ihe fore ign body lo l lows ihe

Dust  par t  c  es are mos!  c lear  y  seen when the apert l re s top
has been fuLLy c losed,  because in ih is  case lhe depth of
focus is al its greatest,

ln  a l rnost  a l l  cases t  wi l l  be suf f ic ient  to  c lean the ouler  lens

faces wlth the a d of a srease'free brush (jf necessarv, wash

n ethe.  f i rs t )  or  wl th a f reqlentv washed'  absolute lv  dust-

f fee inen rag and d is t  ed water ,  produc€d easi ly  bv breath-
ing upon the sur face to be c eaned

l f  an organ c solveni  cannot  be d lspensedwi th,  t  is  advlsab e

ro use very l i t t le  ether  or  benzine jnstead of  water ,  but  never
alcoho which mght  desi roy the cernent  between ens

Ether  is  usua ypreferred because i t  evaporates rnostqulckLv
and any harrnfu l  ef fect  js  thus less ike ly  F inaly ,  res idLres
are aLways removed with water as descrlbed above.

Should cornpressed a i r  be ava able for  c leaning,  be sure to

use a f lter of cotton wool.

l f  the a l r  in  the work roorn conl in !ousy has a re lat ive
hurnid i ty  of  more than 600/0 cer ta n precaut ions should be
taken to avold fungus growih on the opt ica l  e ernents.  Do not
keep micfoscopes under p last  c  covers,  do not  s iore them !n
cabineis,  but  ensure good vent i la l ion,  i  necessary wi th the
aid of  a fan.  In  a par t jcu la iy  humid c l rnate i t  s  advisable to
keep opncal  par is  n pefect ly  a rproof  conta iners prov ided
wi th a dess cant  or  ln  whjch for  i fs tance,  a amp and a fan
c rcllate a r of 40 +0 o C (100-1 20 o F) - Our agents have
spec a l  inst ru. i  ons and w l l  be p €ased to assis t  you.



6. Numerical  aperture,
useful magnification and limit
of resolution

i h e g a l r i n t h e s d e

to a d i f f racuon gra in

To unders land th is  quest ion bet ter ,  le i  us now th ink aga n
oi  the pro lector  and the pro jec ied s l !de descr ibed n
sect jon 3.  At  f i rs t  we obserue ihe landscape on ihe screen
from far  beh nd the pro jector .  ln  th is  case,  magni f icat ion js
st i l l  low,  because the angle of  vew is  qute smal l .  As we
move c loser  to the screen,  rnagf i f icat ion increases and we
begln to recognjze deia js  whlch had or ig inal ly  escaped our
ai lent ion.  But  f ina y a point  s  reached where h igher  magnl-
f icat ion (= movns c loser)  does noi  gve bet ter  resuts.
lnstead o l  s ing e eaves on the t rees we then only see the
skucture of  ihe color  f i lm,  an acc!m! la l jon of  dye par t ic les,
the so-cal led gra in.  By fur ther  reduc ng ihe v iewing d is tance
we could,  of  course,  fur thef  ncrease magni f icar ion but  th ts
wou d be so ca ed empty magni f icat  on" ,  i .  e . ,  rnagf  f icat ion
which does noi  revea any new deia l  .

In  the m cfoscope,  the stuai ion s ihe same. As we have
seen,  the pfo lected i rnage coresponds to ihe aer ia l  image
formed by the m croscope objectve in  the tube.  iust  as wl th
i h e  o r o _ e c r d  ( l d a  h a F  r -  " l  o  "  i T i  ! o - . L e  p r o _ e . l e o
aer ia l  n iage where "usef ! l  rnagni f icat ion ends and "empty

magni f icat  on"  b€g ns.  t  is  t r le  that  the microscopic image
wl  not  exhib i i  any actual  gra in s t ruc iure,  b l t  here aLso we
may speak of  gra in ,  because there s no opi ica image in
which a i  object  point  ls  real ly  reproduced as a poin i  ( i .  e
wi th no rneasl rable d ameter) .  Due to ihe phenomena of
d i f f ract  on,  an objec i  poin i  ls  a ways i ransformed jnto a sma
disk n the mage.  i  is  these so ca ed Ai ry  d isks which
forrn the 'nrage gra n" .  Thjs  type of  gra n can be found in
any optca image f  the magnfcat ion is  h igh enough.  l t  ls
obvio ls  that  image deta s wi l l  no onger be ceary recog
n zed as soon as they reach the s ize of  lhe Ai ry  d lsk -  lust
as we wefe unable to recognlze the eaves in  the s ide when
they were as smal l  as the dye gra n.



Beware of pseudo structuresl

What is  the h jghesi  power

Another  example:  Let  us examine a mosaic f rorn a long
distance ( i .  e . ,  wi th low rnagni f icat ion) .  As we move c loser
we recognize more deta i ls .  As soon as we begin io  recog-
nize indiv idual  e lemenis of  ihe mosaic,  however,  we pass
the l imj t  o f  "u€efu l  magni f ica i ion . ln  th is  case,  the e lements
of  ihe mosaic correspond to the Ai ry  d lsks maklng up the
aer ia l  !mage.

l f  we v lew a s ide or  a mosaic wi th h igher  than lsefu
magnf icauon,  no harm is  actual ly  done,  becalse we know
very well that the above rneniioned gra n structure does not
be ong to the object, for insiance the landscape. Flowever,
in  microscopy the s i luat ion is  d l f ferent :  so ca ed empty
magni f icat ion rnay show st ruc lures in  the image whlch do not
ex js t  jn  the spec rnen.  But  s ince we do no1 know ihe speci -
men,  there is  a danger of  et roneo!s conclus ions.  And n fact
there are exarnples of  th  ngs being d lscussed in sc lenuf ic
Iterature whjch did not exjsl ln reality but eveniually revealed
t h e n r s e v e s  i o  b e  a  k l n d  o f  n r a g e  g r a i n ,  i e  t h e r € s u t o t
d l f rac l ion phenomena.

l i  fo l lows f rom the above remarks that  we should know the
p e  f o , n a  e  i n . o f  . h e n c o " " o o e o b . e  . e . ^ e u s e . i . '
ihe point  at  whch thel r  usefu l  magnl fca ion ends.  This ls
jndicated by a value engraved on every object ive and cal !ed
'numercal  apedure ' .  The t remendols importance of  th ls
characteristic wl rnmediately be recognized lt we say that
ihe numer lcal  aper tufe is  lhe decid ing factor  \ ryhen deier .n in-
ing the s lze of  ihe A ry d isks ln  ihe m croscopic image,  i  e  ,
the s ize of  ihe "screen .  There is  a def jn  te re lat ionsh p
beiween the nume.ical aperture and ihe s ze of the A ry disk
f o ' t h e  n o ' r e n t .  y o  ' e " o  o n l y  - r o ^  h e ' o l o $ - S :
The to la magni f ica i ion of  the microscope ( i .  e . ,  lhe magnl-
fication of the objective multip ied by ihat of the eyepiece
m!ltiplied by any tr.rbe or OPTOVAF factor) should noi
exceed one thousand i  rnes the numer ical  aper ture.
Nl icroscop sts  who have par tc ! la f ly  good vsual  acuty
shou d even use f jve hundred l imes ihe numer ical  aper ture
as a l im t .  Except  ons to th is  r ! ] le  may be a l lowe. l  in  order  io
fac i l i ta te measur ing and count ing work
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*..mpned ! th a dry obF.r L: i ?:l j

We st  owe yo!  an expanato i  of  th€ term iumercal
aper iure .  F g 31 g ves a d lagranrmat ic  v  ew of  an objec i ive
f ront  ens and spec men.  The ang e u '  subtended by rhe
opt ica l  axs and the outef rnost  rays st  covered by the
object ive s a measure of  the apedure of  the objectve;  i t  is
the aperture angle.  However,  the magn tude of  ih  s  angte is
nol  ndicaled n c legrees but  n the form of  a s  ne val le ,  ihat
is  a n!mer ica l  va l !e.  This  exp a ns the cr ig  n of  the ie .m' 'n !mer i .a  

apedure .  t  s  the s ie  of  rhe ha f  aper ture angte
rnu t ip  led by ihe fef ract ive nde) i  n  of  rhe mediurn f t  ing the
space betvr 'een the cover  g iass and the f roni  lens.
NLrmeica aper i ! re = n s in! '

s .  - " -  "  a  r e n d r  -  o - .  o -  I  -  T a .  o €  " q -  r e o
when dry oblect lves afe used.  mmersion o i l ,  which in  the
case of  an o imnrersor  obtectve f  s  ihe space between
the cover  q lass and the f ro i t  ens has a ref ract ive ndex of
1.515,  a.d i i  s  obvous that  s !ch an object ive nrakes i t
poss b e to achleve a cons derab e gain in  nurner ica l

t a
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What js  the resolv ing l i rn i t?

And how ls  i t  determined?

Wi ih ihe a id of  ihe numer ical  aper iure we can a lso compute
ihe limjt of resolution or maximlm resolving power. By ihis
we u_de's.a-d lha smdl le5t  "epa-dt ion -  des g-a.ad o
which two skuct ! ra l  e lernents,  e.9. ,  two adjacent  f lagel la ,
may have in o.der to be irnaged as two separate elemenis

l f  n .  a.  "b j  and n.  a.  cond are the n l rmer ica apertures of  objec-
tve and condenser and l -  is  ihe , ravelengrh of  ihe t ight  used
for  observat ion ( in  1/1000 mm or  microns) ,  then ihe srna est
resovabLe separaiion between two object poinis (likewjse

n. a. obt + n. a. oond

Example:  Using a green f i l ter ,  the wave ength is  0-55 p;
assuming the object ive used io have an aperture of  1.25,  and
the condenser one of  0-Sr  then d = 0.25 r r ,  i .e . ,  the four th
part of a thousandth of a millimeter. - However, slructural
elements which are just reso ved are not reproduced wjth
f ! l l f ide l i ty .
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7.  Oi l  immers ion

What is oi l  immersion?

correct  appl icat ion of  the r ight  o i l

lmmersion objectives mostLy
have a shor lwork ing d is tance

Oi l  immers lon objecuves are object ives which are lsed w th
immersion oil (instead of alr) between objeciive froni ens
and cover  g lass.  As was expla ined in the previous sect ion,
th is  method eads to a gain in  numer ica aperture.  For  the
same image scale,  an o i l  immers ion object ive is  aLways
super ior to a comparab e dry objectve as regardscorrect ion.
There are,  o;  course,  cases which do not  permi l  ihe appl ica-
ion of  the o j l  immers ion tech.  q!e.  100x object ives afe
a ways oil jmrnerslon objectives.

The user  should,  i f  poss b e,  ernploy on y the type of  imrner
s ion o i l  s !ppl ied by the object ive manl fact ! rer ,  because not
only the ref ract ive index must  have a cer ta in value,  bui  a lso
the d ispers ion of  the o i l .  The imrners lon o jL s l rppl ied byZElSS
s synthet ic ,  non- f luorescing and non-res jn ing o i l  wi th a
re l ract ive index of  1.515 and a d ispers ion of  43.96.  The o i ler
sLrppl ied by l rs  wi th every jmrnersron object ive is  designed
io fac i l i ta te appl icat ion of  the o i l  to  the cover  g lass wi thoui
a i r  bubbes:  turn o i ler  upsde down, wai t  unt i l  the a i r  has
r isen and apply a i t te  o i l .  The object ive rnay be rnoved into
posi t ion as usLra -  In  th ls  case,  excessive o i l  and,  posslb y,
bubb es are pushed aside due to the shor t  work ing d stance.
ln addi t ion,  object ives w th a p lane f ront  ens can be pushed
upward in their spring rnount, locked by clockwise rotation
and lowered vel tca l ly  in to the o i  only  af ter  the nosepiece
hasbeen turned and engagedthe notch.  Personal  exper ience
wl l  Facl -  you $Lr^h o lFase L\ro nerhods i  .ore _on

! f  focusing the speclmen wl th o j  i rnmers ion shoud prove
impossib ie remember the prevlously  rnent ioned possib l l iy
ihat ihe cover gla6€ may be too thick for the shori working
distance avai lable or  that  the space between ihe specimen
and the cover  g lass,  which is  f i l led wi th rnount ing medium,
may be loo wide,  whlch comes io the same th ing.



also require immersion
lf your condenser has a numerical aperture higher than 0.9,
ii is advisable also to immerse the condenser (if not wiih oll,
at leasi with water) for use in combinaiion with an oil immer-
sion objective. For this pu|pose, a drop of oil is applied to
the underside of the specimen slide and another one io the
condenser front lens. This will effectively reduce ihe danger
of bubbles forning when the condenser is immersed. -
Wheiher both oil films are aciually free lrom bubbles can
easily be determined by looking into the objective from the
top afier having removed ihe eyepiece. The ceniering tele-
scope of the phase contrasi equipment simplifies this quite

Although ZEISS immersion oil is of the non resining iype,
it should be removed at the end of ihe day by means of a
clean rag of the kind used for cleaning opiical elements-

Paidchromat 63i/0.9o yih coreciron carrar
Top: carefully adlusied for coversrass thickness

eolibaderiaand.raphylococc {cram s sia n)
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the f  rs t  "  ens"  of the objectve

The h igher lhe aperture
the .nore accurale !he cover  g ass L

Object ives w th a cotrec i ion col  ar
are for  carefu l  users on y

8. The question of cover glasses

Knowing the h igh prec s on requ red for  the produci  on o i
mlcroscope object ives which are to g jve f i rs t - rate mages
we shou d not  be surpr lsed ihat  the cover  g lass,  which s
located between the specimen and the objec i ive f ront  lens
nay not  be j ls t  any cover  g lass.  We should noi  forget  that
s rnple g ass p ates,  that  js  p lane p ates,  aLso have an opt ica l
power and ihat  the op!cal  power of  ihe cover  g lass was
taken lnto account  ln  the computaton and design of  ihe
objectve.  Wih normal  rn icroscope objectves,  t l re  cover
glass is  par i  o f  the lmage forming system l t  s  a lens
element  ( tho!gh wth in fn i te  rad of  c !Nature) ,  which is
located outs ide the object lve mount  but  s t  forn is  a par t
of  the opt ica l  systern -  The opumlm th lckness of  a covef

Str ic t ly  speaking,  ihs appl ies only  to object ives whose
numer lcal  aper ture exceeds a cer ta in value.  Wth object ives
having an apedure not  exceedlng 0.3 specimens may be
exam ned boih uncovered or  w th cover  g lasses as th ick as a
mi l l  rneter ,  and the spher ica l  aberrat ion wl  not  be not ice
able.  Wth aper i l res between 03 and 07,  ihe cover-g ass
th ckness should not  devia ie f rom the nomjnal  va ue bv more
ihan 0.03 mm. With h igher  aper tures,  even a devat ion of
0.01 mrn wi l l  cons derab y impair  the qua i ty  ot  the rnage

ln order  not  1o be res i r lc ted to spec f  ed coveFglass th lck_
nesses when uslng dry object ives of  padicu ary h lgh aper-
ture,  obj€ct ives were designed in whlch lhe opt  mum cover-
g lass th ckness ls  not  a f ixed 0.17 mrn,  but  can be var ied
wl th in a range of  0.12 to 0.22 mrn (object ives wi th correct ion
col lar) .  l f  the cover-g ass ih ickness of  the specjmen to be
examined is  unknown, f i rs t  set  the correcuon co ar  at
0.17 mm and f  nd a h jgh-contrast  area ln  the spec men.  Then
try whelher  th€ conl rast  is  mproved l f  the coreci ion co ar
s set  for  greater  or  esser  cover_glass th lckness This a so
requires refocus ng.  Lt  is  obvous that  ln  ihe hands of  inex
pefenced users who usua y leave the corre. ton .o l lar  at
one end of lts range of a djustme ni, ihese objeci ves rnay give
very d isappoint ing .esul ts  (Fg 32J.
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Oi immersion is less cr i i ical

How to obta in good cover  g lasses?

The situaiion is d ffereni with oj mmerslon objecilves,
because then a rned um of  h igh ref ractve ndex,  namey o i l ,
is  in  f ront  of  the f i rs t  lens.  ln  ih is  case,  ihe th ickness of  the
cover g lass is  not  very cr i l ica l .  St i l  ,  i t  should be remembered
that  immersions are today no longer "homogeneoLrs"  enough
( i .  e- ,  g lass and o I  o f  dentcal  ref rac l ive index)  to a l low the
cover glass io be dispensed with as a matter of course.
When the cover  g lass is  omi t ted,  fo .  very cr i l ica l  work a
correct ion ls  requl red e i ther  by increasing ihe mechanlcal
tube length or  by ls ing a specia l  immersion o i l  ( for  more
deta i ls ,  see for  instance,  lV ichel ,  Venna 1964,  page 176).

For pfact cal work, ii ls thus necessary always io use cover
9lasses which are exaci ly  0.17 mm th ick,  for  specimens which
are to g ive opumum lmages even when examined wl th the
aid ofhighdry objectives. M crometers, so-called cover glass
gages,  are ava lable for  measur ing.  Appropr iate covers may
thus e ther be selected by ihe m icroscop isi himse lf, or others
used which have been specja l ly  se lec ied bythe manufacturer .

It shou d be mentioned ihat in those cases where the cover
glass ls  not  in  d i rect  contact  wi th the specmen,  ihe in ter
med ate ayer  of  mount ing mediurn has,  of  course,  the same
effeci as additional thlckness of cover. lt is therefore advis-
able io  weigh down the covers of  spec mens dur ing dry lng.



9. Microscope illumination for
more exacting requirements

Two important requiremenis:
object f ie ld and pupi lmusi  be br ighi

Kdhler  i l luminat ion

For less cr i t ica l  work,  the microscope miror  may be j  umi-
nated either by daylight preferably d ffused llght, such as
given by a whi te c loud -  or  an ord inary desk lamp wi th
inside frosted bulb. More convenieni are the attachable
s impe subsiage i l luminaiors for  d i rec i  connect ion to the
mains fo.  teachins mlcroscopes (see Fig.  1) .  In  a l l  these
cases optimum cond tions will have io be deiermined by
trial and eror. Two things are impodant: the field of view
should be evenly i l lum nated and -  when the condenser i r is
is  open and the condenser in  i ts  upperrnost  posi t ion -  the
back lers of ihe objective should be filled with lighi as
compleiely as possible. This latter condition is checked after
the eyepiece has been taken out of its tube.

For microscopic research work, phoiomlcrography, mjcro-
projection, eic., preclse control of ihe lighi paih should
a ready start before the light reaches ihe specirnen, i. e., at
the llght source. Prof. August Kdhler fjrst used this exaci
contro l  o f the l ight  path in  the i l lum nai ing beam of ihe mlcro-
scope,  and the method is  ioday cal lec l  Kdhler  l l lminat ion"
( lournal  of  the Royal  Mlcr .  Soc.) .

Use of the Kdhler method depends on ihe availability of a
microscope i l lum nator  wi th a Iamp condenser and an i r is
d laphragm in f ront  of  i t  (F ig.33) .  The lamps used in such
illuminators usually have a sErall, concentraied filameni and
operate on 6 or 12 volts; they are therefore called low-
voliage lamp€. Contrary to normal bulbs for electric lighting
it is not their wattage which is declsive for their efficiency,
but  thei r  luminance.
The low-voltage illuminator inco|porated ln the base of !arger
microscopes is ,  o f  course a so sui ted for  apply ing Ki jh le is
ru les of  i l lum nat ion.

The procedure for  apply ing th is  method of  i l l !mlnat ion is  as
fo lows (Fig.  34) :

I
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l .  A ign rn icroscope i l lLrm nator  wi th pane mtror  of  the
rn icroscope and adjust  t  so that  a smal l ,  br ight  spor  of  ight
is  pro jected onto the mrror  or  an image of  the f  laorent
formed ( th is  adj ls t rnent  is  fac l  i ta ied f  a  sheet  of  paper s
he d over  the s l r face of  the m rro,
'  o " c h  - o  r L "  -  _ o p  o - o  r . l F
out  of  the tube.  Keep adjust  ng ihe mjr ror  unt  the backlens
o f  l h e  o b j e c t  v e  s f  e d w i i h  g h t .  D m r n i n g  t h e  l g h i  b y  a
.eutra l  densi ty  f  ter  wou d be advlsab e.  nser t  the eyepiece
and focLrs the spec men wl th a l0 ; l  or  l6 :  objecuve.

3.  Close ihe i r is  daphragm of  the i i lumnator  ( f ied stop)
amost  comp ele ly  end move i ts  ( !nshafp)  mage o i  the
spec men nto the center  of  the f ie  c i  o f  v lew by rotat  ng and

4.  Focus the edge of  th is  d iaphragm image by s ght ly  owe.
ing ihe condenser.  Both the specimen and the f  e  d stop are
now sharp y def  ned.  Then open the f  e ld s iop ln t  I  ihe enl i re
r i e d o f v e w  s  j u s t  c  e a r

5.  Slght ly  .eadj ls i  ihe lamp socket  or  the lamp condenser
Lrnt  i  the f  e  d of  v iew ls  evenly umlnaied.

6.  At  f i rs t  open the condenser i . is  (aper ture stop)  compLete y
( image very br ight l  and c lose i t  on y far  enough to e l  minate
glare jn  the rnost  lmportant  image e ernents and to rnake
them appear w th sat  s factory coni rast .  Wi th s ta ned speci -
mens lh is  is  the case e len a l  a reatvely  wde aperture,
wh e f resh spec mens requi re s ight  y  more s iopp ng down
Slopp ng down f ! r ther  than s absolute ly  necessary ( for
exanpe,  to redlce ihe brghiness of  the mage) is  one of
the b iggest  mistakes a microscop st  can make,  s jnce i t  enta i ls
a oss of  resolv ng power.  -  l f  t re  in tensi ty  of  the ghi  s
too h lgh red!ce the lamp vol tage or  inser t  gr .y  or  green
f l te16 i to  the f i l ter  holder .

7.  l f  wj th low power object lves only par t  of  the fe ld is
l l !m nated swing out  the condenser f ront  lens and open the

condenser r  s  fu l  y  Contrast  s  then contro l led w ih the a id
of  ihe amp d aphragm.

ln the case o l  m croscopes wi ih  a bu l t - in  i l l lm nator  s tep l
and par ty  aso step 2 ar€ omi i ted.  Under3,  center lng s noi
ach eved w th th€ a id of  a ml t ror ,  but  by the c€nter ing screws
of  the condenser.  Piease consu t  the operai ing ins i ruc i  o is
supp ied w th ihe mlcroscope



for the apedufe stops

of  Kdhler  i l  uminat  on

Let  us now exam ne the path of  rays wth Kdhler  i  urn inat  on.
t  consls ts  of  two sup- . rmposed beans-  For  greater  c lar i ty

we shal l  show both beams separate y and ony on one sde
( in the case of  ihe pup beam, for  ins iance,  ony the rays
or ig inat  ng at  one end of  the f i  ament) .

Fg.35 sholvs the pai r  of  the rays or ig inatng and meeung
n the panes whch are in  sharp foc ls  iogether  wi th ihe

spec men,  i .  e  the so-cal led w ndows.  The rays emanaung
from the f ie ld d iaphragm of  the arnp are cornbined ln the
specimen by the condenser ( in  other  words,  an image of  the
f ie ld d iaphragm is  fo.m€d on the speci rnen) .  Ffom there,  the
two images are pro jected onto the fe ld of  v iew diaphragm
of ihe eyepiece (aer ja image).  When the adjustrneni  s  coF
rect ,  the mages of  the f ie ld and f ie ld of  vew djaphragms
appear sharp both are centered,  i .  e  they are concentr  c
and ihey are of  ident ica s ze

Fig.  35a shows the rays which combne at  the ap€dure
diaphragm planes.  Cosing down these d iaphragms woud
af fect  the d ameter  of  the prev o ls ly  meni joned ex t  pupi l  o f
the microscope above the eyepjece.  Due to ref ract ion by the
condenser,  the rays emanat ing f rom the source meet  n the
aper iure d iaphra-qm of  the condenser and are then imaged
by condenser and object  ve jn  the ex i t  pupi l  o f  the object  ve,
whence they are i ransm i ied by the eyepiece to the ex i l
p u p  L  o f  i h e  m l c r o s c o p e .  A t  a  t h e s e p o n t s , a n  m a g e o f t h e
lght  source L is  formed.

What  advantages does the KohLer meihod of fer?

1.  In  spi te of  srnal f i laments the ent i re area of  the arnp
diaphragm has the sar .e lumlnance as the f iament ,  so ihat
only a ow power nput  is  requi red for  the amp.

2.  Dle to ihe adtustment  of  the anrp d iaphragm, the afea
LLlmlnaied in  the speclmen corresponcls io  the one whch
'  r  o q - d  @ . . o  d . n c p  ^ . ,  L h e ' e d s o o o f  6 6 1 6 0 a ^ e .

The speclmen is  thus not  subjected to ufnecessary i r radia-
ton (examinauon of l iv ing organisnrs l )  and coni rast  reducing
stray ighi  f rom specinren areas outs de the f ie ld of  v iew is

3.  The apedure and thus contrast  as wel l  as depth of  focus
are contro ed by the condenser i r is .





4. Viewed from the specimer, the light source is at infinitv
(parallel rays in the aperture ray path, Fig 35al Anv irre-
gularity in the source is therefore least effective in ihe

5.  Since the f ieLd stop is  j ls t  fu l ly  f i  led wi th ight  due io the
adjustment  of  the lamp d!aphragm, no l ight  which couLd g ive
rise to disturbing flare reaches the inner walls of ihe tube
As a res!lt, pariicularly brilliant images are obtained

When adjust ing ihe equipment  for  Ki jhLer  l l luminat ion i t  mav
happen that a cetain granularity !s noied which is super
lmposed on the specimen over the entire field of view This
is thetexture of aground glass screen or an etched collecior
lens whici are lntended io cover up the iregularitv of ihe

source.  l f  th is  p lane should accidenta l ly  be in  sharp focus as

well, it is only necessary io alter the heighi of ihe condenser
slighily.

Wi th h igh-aperture condensers sharp imaging of  the lamp

diaphra;m is  f requent ly  possib le onlv  l f  the speci rner  s l ide

is not thicker than 1 mrn

ln microscopes wi th bui l t - in  l l luminaior  the f ie ld d japhragm

s sometimes located very close to the condenser' When

imagjng th is  d iaphragm on the specimen in accordance wj lh

Kcihlerls nrles, ihe condenser has to be lowered to such an

extenl that a considerable Loss of aperiure ensues This js

avoided by a so-called auxlliarv lens which ls suppLied to-
qether with the microscope and is ocated dlrectlv below the

;ondenser. lts function is illustraied ln Fig 36 lf a separate

hiqh per formance i l luminator  is  used the auxi ! iary lens

sn-ouid be swunq out or, letter siill, replaced with ihe longeF

focus 
"auxi l iary lens l !  

' .

Why aLrxlljary lenses?

WithKdhle. illuniiatron
lowenns the condenser would lead
io on exessive ros ofapsbre(refD.
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10. Length measurements under the
microscope

Meas!rernent  of  rn croscoprc objecrs js  re a i  ve y 5 mpre,  ou1
d 6 o 4  o  o a  6 . . . t " b t .  o t  r 6  o o r  q
measur ing eyeplece,  €yep ece m crorneter  anu sra l je  m cro
meter  (F ig.37) .

A  r o l n d  g a s s  d s k  w i h  a  s c a e  - i h e  m c r o , , e r e r  o s K
can be inser ied tn the measur ng eyep ece.  and ihe foc!€ ing
eye ens ensures that  even observers wi ih  defec,  ve eyes gnr
can see a sharp mage of  rhe sca e _ The stage nr icromerer
is  a scae graduared in u i i rs  of  11100 nrm on a coiveni ional
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4
The procedure is  as fo ows:

1 Pos t  on the fo!nd eyep ece m crometer  n the measur ing
eyepece.  For  th is  p l rpose unscrew the Lower par i  o f  the
eyepece rernove the r ing above the eyepiece daphragm
and -eplace i t  a f ter  havng inser ted the m cronreter  d jsk

{scale lpwards) .  Then screw the eyeP ece together  asain

2.  Focus the eye ens in  such a manner that  the sca e appeafs
w th nrax im!m sharpnessi  then lnser t  the eyeplece nto t f re

3.  Place the stage n-rcrometer  on the stage and focus ihe
microscope on the sca1e.  Both sca es wi l l  then appear
shafpy d€f ined.  By t ! rn ing the eyeplece t l rev are ia id
pafa le  io  each other .

4.  F lnd o l t  how rnany d lv is  ons of  the eyeplece m cron-reter
correspond to a cer ta in d is tanc€ on the s iage micrometer
and cal .u a ie the lengih wh ch cotresponds to one d v s lon
of  the eyep ece m crometer .
Example (F ig.38)  80 d ivs ions conespond to I3s nrm

o n o  c  . i .  o  -  
s o  

0 . 0  6 9  _ . '  o ,

5 The i r  crometer  va ue th ls  detef rn lned app ies on y ror
the oblect  ve wi lh  wh ch the ca ibrat  on was rnacre

Subsequeni ly ,  i t  s  only  necessarv to m! up v the n lmber of

d v s jons covered by an in terest  ng deta ln  ihe spec f 'e f
bv the mlcromeler  va te in  order  to determ ne ihe length o i

tn l "  a" tn l  'n  t t - , "  o f j " " t  p lane (For  senal  m€asuremenis the

rn icromeier  vaLue need o i ly  be set  once on the s l ide r !  e

\ lhereupon the d l f ferent  lengths can s i rnp v be read of f  )

Slnce the i r  crometer  va ue a lso depends on the r .echanlca
iube e iqth.  i i  s  advsable to keep an eve on the set tng of

ihe eyep ece s le€ves of  the b inocular  tube wh ch 'nust  not

Lf  the nreasl re.nents extend over  a onger perod of  t rne or

f  the spec mens themse ves exh b l t  a  f ine lnear  iexture we
-ecommerd lhat  ? coni rast ,  lne_contrast  or  net  micromeier

dsk be !sed nstead of  the nof .na evepiece mlcrometer

{ F  s . 3 9 a l .
A m€as!r ig  eyepiece can.  of  course be used Ln tTre same
mainer  as any ord inary eyep ece f  the m crometer  d isk is

laken o l t  Ln th is  case an obseruer  who has normal  v ison

shol ld  set  the zero f .ark on the evelens scale at  the b lack
.stead of  the red lne.

5

0

1

S . .  e . o i t i a s :  n .  o m * " f
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I  necessary,  i t  can be s mple

' l l . The camera on the microscope

The s mples i  way of  tak ing photom crographs is  to  mount  a
camera wi th ts  lens sel  at  tn f in i iy  as c losey aoove rne
m croscope eyepiece as poss b le and to open the camera
stop fully. f the nricroscope was fi.si foclsed w rh re axed
accornrnodaton,  then the pholonr tcrograph w be sharp,
bui  ls la l ly  v  gnet ted.  Th s s  due to the fact  rhai  in  conrbi
nat  o i  wl th a camera lens of  normal  focal  tength {50 mm for
24x36 mm, 75 to 80 mrn for  6) .6 cnr  t05 r im for  6: i9  cm)
only w de-ang e microscope eyepieces cover  the enr i re f ie  d
of  v iew.  -  Any doubts regardng cr i tcat  iocLrs can be
e m nated i f  a  s lngle- lens ref lex carnera semp oyed(Fjg.40) .





Focls ng beaf l  sp i l le fs  are deal Snce a por i ion of  ihe lghl  s  lost  bythet ime t  reaches
. o  m a l  , e f e ^

carneras {ground-g ass screen,  sp l  t - lmage ra.sef inder ,  m cro-
prsm focusing r ing etc. l  are not  very convenienl .  Consder-
ably rnore accurate and brghler  are speca focusi rg beam
'  i . . e  s  ^  o "  " i , .  ' o  f o  - . i r g  o a  I

Wi lh cameras wth focal  pane shut ter  such as Contarex
Conlax etc.  t  is  advisable ro remove ih€ lens and a i iach the
camera body wi th a spec a l  adepief  to  a so-ca ed a i tachment
camera which is  aval  ab e e ther  w ihol t  (F ig.  41 a)  or  wi th
photoelec i r  c  expos!re dev ce (F ig.  41 b) .



What image scale ls  obta ned
wi th a photomicrographic carnera?

The image scale on ihe f i lm d i f fers by a cedain facror  f rom
the rnag. i t jcat ion g iven by the microscope dur ing v isual
work.  Thjs factor  is  found by d iv id ing ihe foca ength of  the
camera lens ( in  ln i l l rneters)  by 2s0 mm. (Example:  A Conra-
f lex camefa as shown in F ig.  40 has a focal  engrh of  50 mrn.
Consequenl y, the factor is 1/5. Objecrive magnification )<
eyep ece magnjucat ion x 1/5 thus g ives the image sca e on
the 35 mrn negative.) The specia ZE SS attachment camera
shown in F ig.41 has camera factors dependent  on the indi

Deierm nat ion of  ihe correc i  €xposure for  photomicrography
is very convenient  i f  specia photoe eckic  exposure devces
are used (Fig.41 b)

Another  s imple and accurate rnerhod is  d i rect  measurernent
of the finder irnage of a reflex camera, preferab y by means
of  a photoelectr  c  exposure meter  which has a smatt  accept-
ance angle and measur ing sur face (e.  9. ,  ihe ZETSS IKON' ' IKOPHOT 

CD ) .  Not  even cal ibrauon phoios are reql i red,
i f ,  for  instance the fo owing procedure is  useo:

Point  camera wi th lens set  at  f /2 .8,  for  exarnpte a i  a brght
wal l .  Take a meter  reading of  the wal l ,  w th,  say,  f12.8,1150
sec.  Then iake a readtng wirhthe nreterpoint ing at rheground
g ass or  ihe f i fder  inrage and read the f  s iop correspondjng
to l /50 sec,  e.  g. ,  f /1 .4.  When rak ing the photomicrographs,
a feadings should then be taken wi th the meter  poinr ing at
the f inder  imagei  the exposure t i rne is  then the value cores,

l f  work ing condi i ions are aways ident ica l  (oblecrve,  eye-
piece,  posi t ion of  condenser i r is ,  lamp, f i l rn  speed),  then
exposure measlrements are not required. A iew rest
exposures nray be made, after which the optimum exposure
time determined can always be used.

With normal  development ,  h gh-coni rast  f lm sho! ld be
employed,  because contrast  in  photomicrographs is  !sual ly
lower than in outdoor photography.  -  F i l rns of  "par t icu ar ly
h igh resoiv ing powel '  are not  necessary,  because especta l ly

High-contrast film
or energet ic  developer l
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When is  35 nrm too smal l?

in h igh-power $,ork the reso ut  on of  even the eastsutable
f l rns is  s t i l l  h igher  than ihat  which s physlca y possib le in
the r r r icroscope.  The s mplest  and one of  the best  methods
s to use ord nary a l - round f l  m and to develop t  i  a  papef

t  has been fo lnd in  prac i ica l  work that  negat ive s zes afger
than 24x36 mm are of  advantage only f  smaLl  scale photo-
micrographs and par i icu lar ly  photornacrographs,  predomi
nate.  n addi t ion,  arger  s j res should be used i f  coor
photos have io be taken fof  pr in tng purposes.  ZELSS
supples spec a l  phoiomlcrographic at tachment  cameras for
2r" / r " )<sr l "  (6x9 crnJ,  2r l i ">.2rL '  (6 t  B cr i ) ,  3 t la ' t4 t l . "
( 9 ) . 1 2  c m )  a n d  4 " x s "  ( P o a f o d l .

12. Micro.proiection

l l ic ro-pro ject ion is  a valuable technique i f  several  people
want  to observe a m croscopic inrage s mu taneols ly .  For
smal ler  groups a v iewing screen is  ernpioyed,  which s
s mply exchanged for  the observai  on t lbe and which of fers
an image sca e of  10:  ihe object ive magni f icat ion (Ftg.  42) .
A less expensive so ut ion is topro ject the microscoptc image
onio awh te s ldacewththe a jd of  adevlat  ngpr isrn at tached
- o  h 6  e . e o , o . a  w L  F ,  . h p  o b . p n 6 .  . . a n o <  o q s i o e  h a  a y a

plece,  the magni f icat ion is  ihe same as in  the microscope.  f
the v iewing d is tance s halved,  magn f  cat  on sdolb led etc.
Due to the f requent ly  arge mage d iameters and ihe
re lat ive ly  o. r  ef f ic iency of  pfo lecuon in refected ight ,
l ight  so!rces of  h igher  lum nance are then req! i red,  wi th
which above a l l  the specia l  equipment  for  m cro pro ject ion is
p.ov ided.  For  fur ther  deia i ls ,  reference s made io the cotr
responding ZE SS i terature.

5T
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Annex Bibt iography

For more comprehensive nformai ion on the f ie  d of  m cros
copy we g ive betow the t j tes ot  a nurnber of  works.
' 'Using the tVicroscope, ,  by A.  L.  E.  Barron

Champman a Ha l ,  Londoi ,  1965
'Microscopy 

by W. c.  Harf ley
Engl ish Universtes press Lrd. ,  London,  1962
Anrer ican edi t ion edi ted by john J.  Lee and Berna.d Fr iedman
The Naturat  Hisrory press,  Carden Ci iy ,  New york,  1964

Lecr ! re notes on the use of  the rn icroscope by R.  Barer
Blackwe Scient i f ic  pubtcarons,  Oxford,  1953
and F.  A.  Davies Co. ,  ph tadelph a,  pa.

' 'An ln t roduct jon io  the pr inctp es of  the M croscope
a.d i rs  App tca i ion to the pract ice of  phoiom crography. .

by F.  Schenk and c.  K s i ler
Chapman & Hat t ,  London,  1962

' 'phoiomicrography 
by R.  M. A en

D. Van Nosrrand Co. ,  Inc.  pr tnceron,  New lersey,  j95B

"Ana ytica Cytotogy
Edi ted by F.  C.  Me ors
2nd Edi i ion 1959,  Mccraw Ni l t ,  London

"Progress 
in  Microscopy'  by M Francon

pergamon press,  London,  1961

' 'Handbook 
of  Chemica Microscopy,

by E M. Chamot ard C W. wason
rohn W ley ard Sons,  Inc.  Newyork,  N.y.  19S8

Comprehensive works in cerman and Ffench:
' 'D ie 

Crund agen der  Theor ie des Mikroskops,  by K.  Mtchel
2nd edi t ion i  Wissensch.  Ver  agsg ese sch. ,  S iut tgar t ,  1964

Die Mjkrophotograph e, ,  by K.  M che
2nd edt ionr  Spr inger ,  Venna,  1964

'Trat te 
de Microscopie"

s nomo urrvensA vt -* .p"  by A.  Pol icard,  M.  Bess us and lv l .  Locql in
Masson et  Cie Pars,  1957
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ZEISS literature

The Microscopy Department  has d is t r ibuted a whole 6er ie6
of  ca ia logs which g ives a good idea of  a lmost  the ent i re l lne
of  equipment  suppl ied by thern;  the rnost  impodant  of  these

Routine and Besearch lVicroscopes
STANDARD KF Mlcroscopes
STANDARD UNIVERSAL M
lVicroscope for  Ver i ica l  l l  uminat ion
Phase Contrast and Inierference Contrasi

nve.ted lvlicroscope
lv l icroscope I  uminaiors and L ighi  F i iers
Ins i rumenis for  the Photographic,  Graphic
and Projectjve Reproduciion

ULTFAPHOT I I
Research Meta ograph ULTFAPHOT ll lV
Instruments for  Polar lz lng Microscopy
ntederence lvlicroscopy w th Transmitied

Epi-Microscope
STANDARD Meta lurg ical  Microscope

4A-120
40 130

40 143
40 160
40-215
40-254
4A-344

40-400
40-430
4A-452
40-453
40-550

L ghi 40-560
40-655
40-660
40-700

ZEISS reprints

Repr in ls  of  par t ic ! lar ly  in terest ing anlc es are L ikewise avai -
able. However, ihe stock of such maierial is llm ied, and very
of ten the ar t ic leswere repr lnted only in the anguage in whic l r
they or lg inal ly  appeared.

o i  request ,  schoo s,  inst l tu tes,  etc . ,  may receive an lnst ruc-
t ionald iagram ln the form of  ro er  posters,  showingthe cross
sect ion of  a microscope and the corresponding lght  path
(Cat. No. 40-020).
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Additional information

The staff of our guesi laboratory at the Oberkochen rnain
factory as wel l  as our  subsld iar jes or  representat ives a l l
over  the wond are ent i re ly  at  your  servce for  consul ta i ion
on your  par t icuLar problems.

May we a lso cal l  your  at tenuon to ihe fact  that  anyone
who understands German and is  in terested in  photomlcro
gfaphy rnay participate in a five-day introductory course
which ls  held every year  ln  March or  Apr i l  a t  Cdi i ingen.  For
appl icat ions,  p lease wr i te  to oLrr  ZEISS agent  or  d j rect ly  io
the Microscopy Department ,  CARL ZEISS, 7082 Oberkochen-
Wuertt. - West Gerrnany.

Delivery programme for ZEISS l,/lcroscopes
and Supplementary Attachments

Rout ine and Fesearch Mjcroscopes
Microscopes w th bu f t - in  automal ic  camera
Attachrnent  carneras wth mechanical  and automatc shut ler
for  photorn ic .ography
Micro c ne cameras
Polar iz ing rn icroscopes and accessor ies
Equipment  for  ln ter ference rn icroscopy w th l ransrn i t ted l lght
Phase-contrast  rn icroscopes
Fluorescence mlcroscopes and f lLrorescence I  lurn inators
Specia l  .n icroscopes for  rneta l lographic exarninat ions
EpiMlcroscopes,  Epl  Technoscopes
Microscopes for  depth measurements
(rnicroscopes for measuring the depth of eich ns we s)
Dlfferent types of Stereomicroscopes
Microscopes for  p lankton and t  ssue examinat ions
Cytopherometer  for  e lect rophorei ic  examinat ions of  ce l ls
Un versal  lV icro-Spectrophotorneter  UMSP I
Mic.oscope Photomeier  IVPM
Micro projection devices
Microscope l lunr inaiors and jght  f  ters
Tubes for conneciing the micfoscope !o the TV camera
Drawing inst ru.nents for  r i ic roscopes,  heai ing stages
and o lher  accessor  es
Di f f ract  on apparatus for  m croscopic demonstrat  ons
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ZEISS and the art of microscopy

ZEISS makes microscope h;story

The origln of your ZEISS miffoscope
les n the workshops of  the f i r rn of  CARL ZEISS. n 1846
the univers i ty  nrechanic of  lhat  name establ ished a workshop
for  opica mechanjcs at  Jena,  whlch gained word renown
af ter  Dr .  Ernst  Abbe had jo ined h im €s sc ient  f  c  co l laboraior
in  1866.  ErnstAbbe,who was a lso professor  of  rnathemat ica l
physics at  lena LJn vers i ty ,  a  d the sc ient i f ic  bas s for  the
ent i re fe ld of  m croscopy.  Af ter  the death of  Cad Zejss he
set  up the CARL ZEISS Foundat ion (18891,  t ransferred h is
ent i re for tune to i i  and p l t  n to pract ice socia l  ideas whch
at  that  ume were sensat  ona (e.  g. ,  penslon r  ghts and prof  t
shar ing) .  Ever  s lnce ZE SS has been wor ld famous for  top
qual  ty  opi ics for  use in  ihef  e lds of  m cfoscopy,  photography
astronorny,  etc  Af terWord War l l  the f j rm of  CABL ZEISS
was d ismanted and expropr iated.  The Management and
about  100 leading personne of  the company began to b l i ld
a new ZEISS factory at Oberkochen (Wueirtemberg/ West
C e r  " . ) l  $ f .  "  1 " .  ^ . . -  q  d d  .  y  J o  e d b .  n a n r . p e . i . -
ls ts  f rom the o ld works.  ln  ihe new product ion program,
wh ch ranges f rom spectac e enses to p lanetar la and f rom
magnf jers to e ec i ron rn icroscopes,  ight  mtcroscopes are
cornnrerc ia l ly  the most  imporrant  teor .  They are being bu t
n an ef fod to carry on the t radi i ion of  a great  name.

Ihe ZEISS works have made dec s lve contr ibut ions to ihe
deveioprnent  of  the modern microscope.  Frorn the long is i
of  innovai ions jn t roduced by th is  company,wehave se ected
those po n is  whjch may be of  par t icLr  ar  jn terest  1o you.

For  the f i rs t  t  rne in  the h is iory of  the m croscope object ives
were of fered which had not  been nrade s impy by " t ry lng l t
o t ' t  b l i  on the basls  of  rnathematcal  and opl ica l  fesearc l r .
The CARL ZEISS is t  No.  19 (1872) opens wth the sentence:
"The 

m croscope systems below are exc us ive y based on
theoretica complrtaiions carried out by Professor Abbe at
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Ai the same time, the bis Abbe illuminator appeared for rhe
f i rs t  t ime "combjned in a l l  i ts  par ts  exc lus ively  on rhe basis
of theorerical considerations _

1886 In the ZEISS works, Ernsi Abbe succeeded in making
inicroscope objectives of unusually high correction, wh ich he
called Apochromais- At the same iime, rhe corresponding
compensat ing eyepieces were in t roduced.

1893

1896

1904

I 9 1 1

1933

ZEISS built the first Greenough stereomicroscope.

Professor K0hler published his work on ihe uliraviolei

Fol lowing a suggest ion by Kohler ,  ZEISS int roduced paF
focallzed microscope objectives.

zL S: i  e .oru lo i /ed rne corst .uct jon o l  T icroscopes by
deeigning ihe L stand (not iiltable, stage always horizontaT,

Professor  A.  Kdhler ,  who jo ined ZEISS in 1900,  publ ished
lLe m.-hod o"  i l luTinato-  a le cal lao dhe h i rn.

For  ml l i tary reasons,  the ant i - ref lect ion coat ing of  lens sur
faces ( 'b loomlng )  invented by ZEISS had to be c lass i f ied

ZEISS built a firsi prototype of the phase contrast micro-
scope based on sussestions by the later NobeT Prize winner,

After prolonged development work, ZEISS were able to offer
the first flat-field objectives (Planachrornats).

The mic.oscopy iaboratory of the ZEISS works produced
the first motion picture on cell divisiof r.rsing the phase-
contrasi microscope (Dr. K. Michel). Wjth this examination
method, cell research entered a new phase.

r935

r936

1938

1943
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1944 ZEISS bul l i  the f i rs t  s tereomicroscope wi th magni f icauon
changer {e l iminat  ng exchange of  object ives,  of fer lns con
stant workjng di6tance).

The ZELSS STANDARD Microscope ntroduced coaxrar
controls and spring- oaded objectives (specirnen protection)
into microscope construct ion.

ZEISS obia ined a paient  for  a magni f icat ion changer desig-
nated as OPTOVAF.

The f i rs t  photomicrographic devjce wi ih  f !  y  autornat ic  ex
posure coni ro l  was sold (ZEISS Photorn icroscope).

Wi lh thei r  Ul t rafuars,  ZEISS succeeded in making ref ract -
ing objecuves sui lab e for  boih u t rav o let  and v is ib le l lght
(imporlantfor m crospectrophotomeiry and ca ncer resea rchl.

1950

1950

1 9 5 5

1959

Thls book is  copyrghi .  l i  may not  be reproduced or  i rans '
la ted by any rneans ln whole or  in  par t  wi thout  permiss on.
Appl ica l ionswl th regardto copyr ight  shor . r ld  be addressedto;

CARL ZEISS, Oberkochen/West Germany




