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Figure 11 Solder joint of B&W CCD in oblique, episcopicbrightfield . CombineZP was used
for the increased depth of field calculatior{1]. Photomicrograph taken with a Nikon D30Q a
Leitz Variozoom and a Leitz Orthoplan microscope[11].
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Introduction

The main focus of thigaper is to compare tHeeitz Orthoplanwith theLeitz Ortholux II* The suitability
for photomicrography of the Orthoplan and Ortholuxsitliscussed.

The compan¥rnstLeitz GmbHs well knownfor its excellent microscope®/hen thinking about Leitz
microscopes, @ny famous models known &se Ortholux Dialux, Laborlux andOrthoplancome to
mind. With the introduction of these microscopd® tompanypecamerery successfulLeitz sold over
one million microscopes duringl30years(seeFigure?2).
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Figure 21 Accumulative sales ol eitz microscopes from 1850 until 1980. Inset shows the administration offidmilding of Leitz,
which wasbuilt around 1954. Inset is© Ernst Leitz GmbH, Wetzlar.

TheOrtholux was introduceth 1937 andsold until the mid seventies.tas thefirst truly modular
microscope ygstem that was greatly appreciatedthy scientificcommunity. The Ortholux system
consists of a vast amount cbmponentaindaccessories satisfying almostydight microscopy
requiremenf2].?

The firstmicroscopewhich replacedhe Ortholux wasthe Leitz Orthoplan. The Orthoplarwas first
introduced in 1965 and sold until tearlynineties. The secormheis theLeitz Ortholux Il , whichwas
introducedat the beginning of the seventeasd sold until the mid eighties. At the dawn of the grey
Ortholux Il (beginning of the 70s), Leiesointroduced three smallsiblings,the HM-LUX, SM-LUX
and DIALUX (seeFigure3).

! The manuals and brochures mentioned in the text provide important additional information. We recommend that you take the
time to download a few of them. Links and references are availableatrthd of t hi s p Rgfeeenced.n t he s
2 References are listed at the end of this document.
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Figure 3 - Range ofLeitz microscopestandsfrom the 70s and early 80s. From left to right: HMLUX student microscope, SMLUX
routine microscope, DIALUX laboratory microscope, Ortholux Il (or Ortholux 2) research microscope, and Orthoplan largefield
microscope.© 1977 by Ernst Leitz GmbH, Wetzlar.

There are many similarities between the Ortholux Il and its bigjgéng, the Orthoplan. We will
compare the two i n TheOrtboludleahd®ithboplani A Contparisoo hapt er 0

Before1976, Leitzusedthe 170mm mechanictlbe lengtTL) for its research microscope$the
biological type(using diascopidlumination or transmitted light)Of coursethe Ortholux, Ortholux I
and Orthoplartan alsde used as metallographic microscopes. In this cads&ram mechanical tube
length is no longer an acdaple choicée

Leitz objectivesmadefor the 160mmand170mmTL can be usedn all the Orthoplan and Ortholux Il
microscopes of the biological tyf&he eason for this compatibility isxplainedn more detail irour
paper entitled AThe Excellent Leitz RO&2l,oscopes

We also discuss the use of these microscopes for photomicrography. We introduce three different
configurations. The fir st,theN&onD3@ $he Hikof @oolmixs9890me r 0o
is used in the second configuration. Last but not least, a dedicated camera for photomicrography using
35mm film is introduced.

The majority ofOrthoplan and Ortholux Il microscopes are now more than three decades old. These
microscopesire of very high qualitgnd most of them are still Berviceableondition®

For additional information about Leitz microscopes, we highly recommend vidignigitowing Web
sites:

- Bernar d Do u dthttp@microdtede.dadabasesfree.fr/\Welcome.html
- Gor don Coug e http:SwwwWsiBncemnfo.heddoas/teitz
- Gr eg Mc Ho n e ohp://¥éethiPgeslagistenetAvicroscopes/LeitzScopes.htm

YT T

% The mechanical tube length (TL) is the distance between the flange of the objective lens and the seating surface on which the
eyepiece rests. To complicate matters, an appropriate tube lens is added to the nosepiece to accommodate a certhi@ design of
mi croscope. For a discussi on a bAppendix AiHlke MatbanitabTobie temdth. t ub e |
*1n 1976, Leitz adopted German Standard CommisSiIN 58887, which recommends a mechanical tube length of 160mm.

® The focusing mechanism must be serviced in order to restore its great performance. Proper alignment has to be reestablishec
using a secalled circular level tool (setp://couger.org/microscope/Roseoptics/Cirdiarettool.pdffor more information

about this tool), and a well calibrated stage micrometer must be used to verify alignment.
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The Leitz Orthoplan z An Overview

In 1965 Leitzintroducedthe OrhoplanresearchmicroscopeThe companyeferred to the Orthoplan as

the APl ano Extra LargenBi éhdtdeRe aeatFiike |RNdUaoMivcercossg
This microscope supports a field of view (FORexof up to 28° When examining histological

preparations, thigery large field of view is particularlyseful In this case, the use béitz Plano

objectivegf obj ect i ve dwhih agerflafield correctgibidrtide)entire FOV, are

recommendedi With a stadard condensdor diascopic illuminatior{such aghe condenser system

600 and wide field ocularsaflat-field corrected=OV of up to 28nmis supporteaver the entire range of
objective magnifications frord.5x to 100x. For the Pl 1x objective, a spatcondenser lens must be used

to ensure even illumination.

The foot of the compact stafigngthx width = 300x 295mm)is supported by four dampers protecting
the instrument against external vibration. It lse@vystand of around7kg. The height of theye levelis
413mm and the total height with tubeasound517mm.For the Leitz Orthoplanesearch microscope
there isan almost limitless collection @bmponentand accessories. Very obvious are the two plastic
hand rests on eithside of the standver time, Leitz released the Orthoplan in different colors.
Depending on théme of introductionthe handrests are either grey or black and tloéor of the stand
changedrom black (first incarnationf the Orthoplarsold until 1%7), hammetone grey (mid sixties and
early seventies), light grey (mid seventies) to ivory (from late seventies).

The Orthoplan is equipped with a wifield binocular tubgalso referred to asgewing headFSA-GW,

which is a combinatioof binocular oBervation and phototube. The FSG&W offers a mechanical tube
length compensation, which ensures parfocality of the film plane (or image sensor) and the image in the
eyepiece foanyinterpupillary distancen Figure4, the eyepieceddand@bare shown both at their
narrowest and their widest separation. For the narrowest positios the distance between the prisms
dléand@®6andodis the distance between the pristBs
and&a When moving the pair of eyepieces from the
narrowest into the widest position, the prisib@and®bare
moved apart to the distanggdjand the set of prisndg @6
and@bare lowered in the directiaof prisméta The
distanceXxNjjis now the new separation between prigBis
and&a The distancéNjis appropriately changed so that
the optical path length from prisé6to the intermediate
image plane is kept constant. This applies to all
interpupillary distances from 55 to 75mm.

The square mechanical object stage (No. 660) is 210mm
150mm and offers a traversing range of 76mm by 50mm.

Several revolving nosepiecegavailable. The ones for the
170mm TL can have a 1x or 1.25% tube lens. While NPL
objectives corrected for a 170mm or 160mm TL should bt
used with a 1.25x tube lens, the appropriate Pl objectives
can be used with axltube lens tgrovidethe maximum
FOV for diascopic illumination.

Figure 41 Optical structure elements of Leitz binocular
photo tube FSA.From [4], © 1977 by Ernst Leitz GmbH, Wetzlar.

® The field of view indexepresents the diameter in mm of the intermediate image visible with the eyepiece.
"The degree of correction for image flatness varies. Pl objectives are corrected for image flatness over a FOV ind@8.of 24 to
NPL objectives are corrected over 18 #4;-and EF objectives are corrected over 14 to ~18.
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Figure 51 ShowsLeitz Orthoplan (built 1977) with two Leitz Lamp housings (100 and 100Z) and a-6uple nosepieceorrected for
the 170mm TL (contains alx tube leng. Also shownarea n e pi s c o pi ¢ xnaodsacepleenosepie¢dd th® 17@mm TL
(contains al.25« tube leng. The binocular viewing head FSA-GW hastwo 38mm photo ports The oculars are Periplan GW & M

(one with a photo mask).

The following table kts field d view index values andyepiece diametsr

Periplan Oculars Eyepiece Field of View
Diameter Index

GW 6.3x M 30 mm 28

GW 8 M 30 mm 26

GW 10x M 30 mm 24

GF 10x(with adapter sleeye 23.2 mm 18

Table 1 - Various Leitz Periplan oculars for the Leitz Orthoplan microscope.

With its tremendou$-OV index of 28the GW 6.% ocularforms an image that appears to have the same
dimension as the diameter6mm(6.3 x 28mm of an area at a distance &@nm in front of the
observerAt this size the image can also be reproduced 250mm above the eyepiece on agiassnd
screen.

In 2006, Mike Andre published a beautifully illustrated summary ath@u©rthoplan microscof8].
A brochureof the Orthoplarcan be foundt[9] and he manuals available af7].
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The Leitz Ortholux Il z An Overview

The Leitz Ortholux ll(seeFigure6) was sold in the seventies and early eighties. It is bbuét

microscope that offergreatflexibility. Like the Orthoplan,he foot of the compact stand is supported by
four dampers pretting the instrument against external vibration. The stand weighs around 10.5kg with a
height ofthe eydevel at385mm. Thesquare shapduase haawidth of 253mm.

The Ortholux Il provides support fanexchangeable noggece episcopic fluorescenckumination
(Ploemopak 2.2), all major illumination typesdpolarization microscopy-However, he Ortholux Il
doesnothavet he Or t hopl ands | egenda rBRorthe Odheluxfilieizlofterecd f u
the FSA binocularviewing headvith photo port providing ai8mm FOV.Of course, this viewing head

also offers the mechanical tube length compensation explained in the previous chapter.

While the Ortholux Il lookdess imposinghan theOrthoplan and less intriguing than the magnificently
designed Ortholux, it offers some gaagprovements when compared with many research stands from the
same tgme periadf onedoes not require th@r t h o witedieldostics the Ortholux Il isanexcellent
choice:

Figure 6 - Leitz Ortholux Il with Ploemopak 2.2, FSA viewing headand Leitz 402a phase contrast condenserhe locking device of
the Leitz Lamp Housing 50 and the episcopic nosepiece with a 1x tube lens are shawseparate insets.

8%While the authors were able to obt aReferenteBeat nstheuehd oaf me
document), no Leitz brochure of the Ortholux Il could be located.
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The Ortholux Il and Orthoplan z A Comparison
Compatibilities between th@rthoplan and Ortholux i

1) Both use thd70mm mechanical tube length

2) Both share the saméjectives (diascopic and episcopic types)

3) Both use the samecolarswith 23.2mm diameteis(eeves requiredor Orthoplan)

4) Both use the sameodetail mount for condensers

5) Both use the sameudensers with dovetail modnt

6) Both use the identicalodetailchangeffor themechanical stage

7) Bothcanshare the sameeaunhanical &ges (although, the Orthgan uses slightly larger ones

8) Both use the sanfene and coarséocusingadjustment mechanism
The Consequences ofOEA / OOET PI1 AT 80 7EAA &EAI
The Orthoplan supports oculaxith a diameteof 30mm (e.g. Periplan GWxau)
and 23.2mm (e.qg. Periplan GFX)0A sleeve is required for the ones with a diameter =
of 23.2mm(seeFigure?). The Ortholux Il dos not support the 30mm oculars.

6 EA x

The diameter of the dovetalil

mount of the viewindneadfor T
the Orthoplan is 50mm aqu Figure 71 Leitz
fOI’ the OrthO|UX ” 43ﬁ]m sleeve for ocular

Thehorizontal dovetaibf the Orthoplad s
revolving nosepiecdoes not fit orthe Ortholux Il
(seeFigure8 andTable2). Thereforethe
fluorescence vertical illuminatéloemopak 2.2
(seeFigure9) for the Ortholux I} which isused

for fluorescence microscopgannot be used with
the OrthoplanThe Othoplan uses the Ploemopak
2.1 instead.

Figure 81 Horizontal dovetail of the revolving nosepiece of
the Ortholux II (left) and the Orthoplan (ri ght).

Table 27 Dimensions of horizontal dovetail of revolving nosepiece for Ortholux Il and Ortloplan

Length 103.5mm 108.7mm
Width 44.5mm 51.0mm

° Since most condensers with dovetail mount for the Ortholux Il and Orthoplan work on the old Ortholux, the authors refer the
reader to the c¢hapt €2]foriimbre @etails abolt differ€nd cortlensess evaikalie for these microscopes.
YFor more details about diff ®iffeeencesinAvailabld/ievgng Headddrspage pll. e a s e
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Figure 91 Ploemopak 2.2 for the Leitz Ortholux Il with four phase contrast objectives and or
Olympus SPlan 40x objective. This vertical Leitz illuminator is used for fluorescence
microscopy. It is corrected for objectives made for the 170mm mechanical tube lemgt

The filter slideof the Orthoplanwhich is located irmediately below the tube changmses filters with a
diameter of 25mm vs. 18mm for the OrtholuxThe diaphragm tube with filter slof the Orthoplan,
which is used for episcopic illuminationgs a diameter d0mm vs. 38mm for the Ortholux II.

Differences in Available Lamp Housings

The bayonet mount fattaching damp housing iglifferent The lamp housingfan Orthoplan (e.g. Leitz
Lamp Housing 10® or Lamp Housing 250, séggure10) can only be attached to an Ortholuxyl
means of an adaptéeeFigurell). We do not know ofany adaptethatwould enableéhelamp housing
of an Ortholux llto be used oan Orthoplan (e.g. Leitzamp Housing 500r Lamp Housing 102 Zee
Figurel10).

250

Figure 107 Various Leitz lamp housings attached to the Orthoplan (left), Ortholux Il (middle and right). The Leitz Lamp Housing
250 is attached via an adapter to the Ortholux Il (see image to the right).
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Lamp Housing 250
with adapter

Adapter connected
to Ortholux Il

Figure 11 - Special adapter made by Leitz to use a lamp housing made for the Orthoplan on an
Ortholux II.

Forthe Orthoplan, Leitz produced four very versatile mirror housings, vaictv many combinations of

lamp housings tbe used on one stantiThe Leitz Mirror Housing 500 (seFigure1?) offersthegreatest
flexibility and is requiredor thevery largeLamp Housing 500Using the speal adapter mentioned
above(seeFigurell) and & appropriatesupportto elevate the microscopihe Leitz Mirror Housing

250/Dcan be used with an Ortholux Leitz offered a special version of the Mirror Housing 500 for the
Ortholux II. 7 The possibilities of illumination with the Leitz Mirror Housing 500 are truly remarkable.

Three lamp housings can easily be attached to this very stable platform. Controlled by two levers and one
slider, almost any meaningful combination can bected.

The Mirror Housing 250 and 5Gewell suited
for adding a computerized micftash
(speedlight)A mirror position is selected that
combines the speedlight illumination with the
illumination comingfrom one of theother
attachedamp housing. Of course, a collector
lens must be positioned in front of the tube of
the speedlight to establigtohler illumination

For more details, please take a look at chapter
13in[12].

Figure 121 Leitz Orthoplan with Leitz Mirror Housing 500 and
Lamp Housing 250.

™ eitz Mirror Housing 250/D, Mirror Housing 250/0, Mirror Housing 250/S and Mirror Housing 500.
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Differences in Available Viewing Heads
Theviewing headdor the Dialux 20/20EB, Laborlux
11/12, Laborlux K/D, FluoverLabovert, and Dialux
22/22EB can neithdye useawith the Ortholux Il nor
with theOrthoplan?i Using eyepiece tulsdor a
170mm TL,theimprovedFSA-GW viewinghead(see
Figurel3), whichwasalsooffered for the Aristoplan,
works perfectlyon the
Orthoplan®®

Mostcomponentsire
exchangeable between
the Leitz SMLUX,
Dialux and Ortholux I

Attachable swing-out drawing mirror

from the ?OS and early Figure 1371 Leitz FSA-GW viewing head with two beam
805(seeF|gure3). All splitters for the Orthoplan microscope. Two Periplan GW
of these standsere 8x M are shown. Supports 100/0, 20/80 and 0/100 for

built for a 170mm visual/photographic.

mechanical tube lengtithe inclined monocular tube(Requently
found on d_eitz HM-LUX student microscopeogether with a
attachable swingut drawing mirror can be used fomjectingand

Figure 147 Inclined monocular tube tracing a microscopic image on pagseeFigurel4). Since plenty of
with attachable swing-out drawing light is required for this type of drawing attachment, a monocular
mirror. viewing headis preferred

Forvisual observation of faint fluorescence response, a PerighaBx with a monocular viewingpeadis
highly recommended-or photomicrography o¥ery faint signals, the straight tubei$the best choice for
the Ortholux Il,sinceits binocular photdieadFSA can only be switched to 20%sual and 80%
photographic. Of coursegither the inclined monocular tube & the straight tube O will fit on the
Orthoplan For the Orthoplan, the FS&W viewingheadshown inFigure13 supports three modes 100%
visual, 20/80 and 100% photographite fistandard FSA-GW viewinghead which has only one 1ISO
38mm port, doenotallow 100% illuminationto be directed tthe phao port.In the earlier days of the
Orthoplan, the FSA 55 viewingeadwas sold, which supported 100% visoall00% photographidn

Figure 157 Photicrographs 6fti§sue layers inside a caterpillar (t.s. of body)ising a Leitz Ortholux Il with Ploemopak 2.2 and
Nikon D300 DSLR. Left image shows specimen in bright fielccenter imageshowsfluorescenceresponseusing filter cube N2 and
right image shows fluorescence response using filter cube.

2 For instance e diameter of the dovetail mount of the viewireadfor the Laborlux 11is 42.0mm.The Laborlux 11 is
correctedor a 160mm TL.

13 A different version of the enhanced F&W viewing head is available for the Diaplan, which uses eyepiece tubes for a
160mm TL. It also contains a different sliding prism that offers 100/0, 50/50 and 10/90 for visual/photographic.
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Photomicrography with the Orthoplan and Ortholux Il

The solid construction of the Orthoplanda@rtholux Il provides a stable platform for photomicrography.
Regarding vibration considerations, the massive base of the Orthoplan alesgréSectivelyvibrations
of low energy**

The Orthoplan is suitable fsupporting a large format camevéhout using a special stand/hile Leitz

recommends the use of tAeistophot™” for the Ortholux Il when usinga®5 6 bel | ows c amer
heavy standf the Orthoplanustrequires asameraholder that iglirectly attachedo the back of the
microscope

We usethe following camerawith the Orthoplan and Ortholux II:

%. TheNikon Coolpix 990(and 950)
%. The Nikon D300 DSLR
S. Wild Leitz MPS 4/52 Photoautomgusing35mm film)

The Ortholux 1l and Orthoplacan beequipped with aiewing headprovidinga38mm ISO portBoth
microscopesequire compensating photo eyepiecefilly correct the image prior to projection onto the
image sensor.

For theNikon D300DSLR, we usdwo rather complex setgp
that will be described elsewhdremore detai[11]. One setup
consists ofin Olympus NFK 2.5 photo eyepieceFor the other
one, we use heitz 0.3 relay lens or &ikkor 50mm
objective in combination with a Leitz Periplan oculBo.
eliminatethe impact otinwanted shutter vibrationgealso
make use ofheLeitz Aristophotstand This standallows
adjustingthe distance between variodi$ferentphao
eyepieces/oculars and the image semi&oa focusing rail

When wsing the Leitz Aristophothe Nikon D300 iso longer
directly connectd to the photo port but usesggecial adapter
consisting of an upper light excluding collar (connected to the
bellowssuppor} and a lower light excluding collar (connected
to the externashutter) In order to merge the two collars, the
bellows supporis lowered until the light excluding collar is in
line with the white ring of tb lower light excluding collar

Figurel6 shows thd_eitz Orthoplan microscopeith a40x5 0
bellows camera place of the D30QAIready n 1965, this
universal photomicrographic apparatus (without the Orthoplan
microscope) sold for $878.00. The Microdiexposure meter
cost an additional $157.00.

The Nikon MG30 remote cable for the D300 is highly
recommended/Ne always ensure thdte image sensor is
parfocal with a photo mésnside one of the two oculars of the
binocular tube.

Figure 167 Leitz Orthoplan with Leitz Aristophot
and 407150 bell ows c¢ame

4 Using a microscope, we can easily detect even minor vibrations by obsdnstgarticles floating on top of a drop wte.
5 The Leitz Aristophot is a versatile photographic apparatus for photomicrographic and photomacrographic work using
diascopic and episcopic illumination.
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TheNikon Coolpix 990setup is less sophisticated. A Nikon Coolpix 990 is directly connected with a

Leitz PeriplanlOx acular (type 519,748), whigberfectly fitsinto the filter thread ofhe Coolpix camera.

Since thigparticularocular is corrected fohe 160mm mechanical TL, a custom adapter is provided that
moves the fixed diaphragm of this ocular to the position of the intermediate image formed by the tube lens

(seeFigurel?).

Figure 177 Nikon Coolpix 990 with Periplan 10x ocular and custom adapter for the 38mm ISO port of th:
FSA binocular photo tube.

TheNikon D300 is more suitable for darkfield illumination, phase contrast and fluorescence microscopy

due to its better lonoise performancéiowever,the Nikon Coolpix 990performs adequatefpr these
types of applicationgseeFigure18).

The Nikon MGEUL1 remote control that attaches to
the Coolpix camera is highly recommended. For
accurate focus, the image sensor of the camera is
parfocal with a photo mask insideeoaf the two
oculars.

Werarely obtainacceptable results with the
automatic white balance adjust of the Coolpix
cameras and hence compensate with a blue filter
when using a halogen lamp.

Last but not least, an IR blocking filter is
recommended to increase sharpness. Preferably,
thisfilter is added into the filteslot of the lamp
housing.

Figure 18- Mouth of Dermacentor variabilis (American dog
tick). Used Ortholux Il with Ploemopak 2.2. The fluorescence
response has been recorded with a Nikon Coolpix 990 using
filter cube 12.
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TheWild Leitz MPS 46/52 Photoautomats a dedicateccamerdor photomicrography, which uses
35mm film (seeFigure20). It supports a wide range of expossi(1/100 sec to 30 min) afibin speeds
(12 to 37 DIN).The MPS 52 camera unises an electromagnetic shudssemblyhat virtually
eliminates all vibrations due to shutter motion. Integral and spot ngetesopported. The viewing
telescope with photo mask is vdrgight and conveniently locate®f course, the viewing telescope is
only used to ensure that the film
~ plane and the photo mask inside one
CEE el e of the two oculars of the FSA
_ ot . viewing headare parfoch The MPS
. i :
e avro 46 control unit provides a sync
e * =  terminal for a speedlight, which
oun e caL «or emasm | allows flash photography through the
e B s me amm 2 Nicroscope. Multexposure control
l‘ .} -; i! . . is possible through a simple push
; 2 button. The user interface of the
wiLD MPsa — = ==  MPS 46 is functional and intuitive
. WILD LEITZ | .i i  (se=Figurel9). It has a special
X button to adjust for brightfield or
Z dark field illumination.

Figure 197 User interface panel for Wild Leitz MPS 46.

This sophisicatedcamera systens
still an excellent choice for amateur
microscopistsUsing a slide scanner,
photomicrographs can be scanned
into a computer system for further
processing, sharing and arcinig. Of
course, the convenience of digital
photomicrographys perfectly
obvious. But even today, the Wild
Leitz MPS 46/52 Photoautomat is
still very competitive when the
utmostquality is expectedi We are
using the following 35mm films with
this system

1 Lamp Housing 100 Z
2 Lamp Housing 100 Z
3 Lamp Housing 250

4 Mirror Housing 500
5 Orthoplan

6 MPS 46 Control Unit
7 MPS 52 Camera

8 Control for diode lamp

1 Fujichrome Velvia 50
 KodakProfessionaBW 400CN
1 liford HP5 Plus 400

A Leitz Periplan ocula(6.3x to 10%
is used to complete the optical
correction. The fully corrected image
" Is projected with a 0.32relay lens
.\ j | onto the film. Thim pt i ca-l A mu!
- : Y st aapmaach is recommended by
Leitz [13].

Figure 207 Leitz Orthoplan with Wild Leitz MPS 46/52 Photoautomat and Mirror
Housing 500.
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The Focusing Block of the Leitz Orthoplan and Ortholux Il
(The following text and figures are frof#]. We only made small changes tgoirave clarity.)

The focusing bloclprovides backlasfree precision stage movemehiqure21). The drive nechanism
for the coarse and firmdjustments of an ingenioudesign with dine focusing rangever theentire
travelling distance o40mm.On both higkend stands, the coaraed fineadjustments aractuated with
coaxial 2knob controls using a planetary gear for the drive mechanisniigee22).

Thebacklashfree precisiorstagemovementis a combination of ball and stestedle guides in prismatic
basic arrangemeifseeFigure2l). Theballs( | a b B Nvithdhe Bardened stepéedle raceé&bdare
visible. Therear guide trackldé i s p r ithe froatguii ad ea 206d flatsBloth ob theseguide tracks
are rigid. The prismatiguide determines the movement #mel planeguide the lateral fixation. The
movableguide trackBdis presse@gainst the fixed guidetdand®6by means of a spring bé&tdvia the
metalballs. This constructiorensures aastant pressure arde spring arrangement eliminates any
backlash.

Figure 217 Backlashfree precision stage movement for the Ortholux Il
and Orthoplan. For a description, please see tex® 1977 by Ernst Leitz
GmbH, Wetzlar.
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Figure22 shows theplanetary gear for the caa and fine adjustmenthe yellow elements & part of the

coarse adjustmeieeright diagram inFigure22) and thecyanones of the fine adjustment (se&ldle

diagram inFigure22). In the diagram on the left side leigure22, we can recognizéné fine adjustment
knobdd , datseeadjestmentkna®6, t he t er m36n alt hge d ra r vgbethepdosr n  w
of obliquel y5d oafd gh,etdla ewchc&desl isn g( 60

In theright diagram ofFigure22, the planetary wheels are shown in yellow, which now act as pure
transmission links (similar to the transmissioradéthe). This motion provides the coarse adjustment. In
short, he wormdlL26drives the worm whee@bd which in turn drives the termingear wheet86 v i a t h ¢
four ge d0jdadmisial nsdddéo

Figure 227 Complete drive mechanism for coarse and fine adjustment used on the Ortholux Il and Orthoplan
microscopes (left). Thadllustration s in the middle and on right side showthe planetary gear only. The functions for
fine adjustment (middle in cyan) and thefunctions for coarseadjustment (right in yellow) are shown.For a more
detailed explanation, please see tex@ 1977 by Ernst Leitz GmbH with small modifications.

In the middle diagram dfigure22, the planetary wheels are shown in cyan, which now act as a pure
planetary gear motion. This motion provides the fine adjustment. In dhecyagnworm dl56drives the
large worm whee#g and this in turrdrives the terminal gear whe@bvia the planetary wheet& 0§

4l1§ 4136 , B@ The tévo gear wheeld 06  ailiiéanove round the internal gear whékB6 — aildid

like two planets.
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Successors ofthe Leitz Orthoplan

Figure 2371 Leitz Aristoplan. It uses a 160 mm mechanical
tube length.© Ernst Leitz GmbH, Wetzlar.

Table 37 Important

and Ortholux Il

In 1985, Leitzintroduced its new workhorse research
microscopes, the Leit2iaplanandthe Leitz Aristoplan
(seeFigure23). During the eightieshie Leitz Diaplan
gradually replaced the Ortholux,landthe Aristoplan
became the top research microscdpe last Leitz
Orthoplan microsapes were sold in the ninetidsis
interesting to note that before coining the name
Aristoplan, Leitz sold this new research stand under the
name Orthoplan 2. The designation Orthoplan 2 did not
last for long.

A very well written article about thieeitz Diaplan
microscopeas written by David Walkerand publishedh
the Micscape Magazirjé4].

Around the same timéhe company moved away from

the 170mm mechanical tube length design, it underwent
severaktagef reorganizationBefore long.even the
famous name dErnst Leitz GmbHbecamepart of

history.

In 1986, the Leitz family sold the remaining shares to
Wild-Heerbrugg AG, SwitzerlandeeTable3 for some
important dates ithe history of Leitz° i More
information about the history of Leitz can be found in
[15] and [16].

events in the history of Leitz

Event Year
Carl Kellner founds the "Optical Institute” 1849
Ernst Leitz joins the Optical Institute 1864
Leitz becomes sole owner and manages company under his own name 1869
Introduction of legendary Ortholux research microscope 1937
Introduction of Orthoplan (largefield research microscope) 1965
Introduction of Ortholux Il (second generation of Ortholux) 1972
Co-operation with Wild-Heerbrugg AG 1972
Wild AG gains majority of Leitz 1974
Accepting the 160mm mechanical TL standard 1976
Introduction of NPL-FLUOTAR objectives 1976
Leitz family sells remaining shares to Wild 1986
Name change to Wild Leitz GmbH 1988
Name change to LEICA Mikroskopie und Systeme GmbH 1990
Danaher Corporation acquires LEICA Microsystems Inc. 2005

8We only focus on events relevant to the development of microscopes.
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Appendix A z The Mechanical Tube Length

How can wemeasureth@ me c h ani cgatlh ot uobfe aliaMithaurddfisuttyptipisec@n be
measuredor amonocular microscopesuch as the Leitz Lirom 195Q becaus¢he mechanical tube

length isjustthe distance between the flange of the objective lens and the seating surface on which the
eyepiece restseeFigure24). Butin case of aesearch microscope outfitted with a @géece containing

a tube lens, this seemingly plain task becomes rather difficult.

Figure 2471 Shows mechanical tube length of 170 mm for a
Leitz LL student microscope.

The combingion of tube lens and objective
responsible to generate an intermedatprimary
image of the specimeat the xed diaphragm of
the eyepiece or photo relay leR®r an optical
system that provides all necessary corrections
insidethe objective/tube lens combirat, the
intermediate image catirectly be projected onto
the image sensavithout any loss of image
quality.*’

For many microscope designs (e.g. Orthoplad
Ortholux I1) theoptical tube lengtht® which
defines the exact location of the intermediate
image below the shoulder of the ocular, is
proprietary.

Provisions to add certain accessories force
microscope makers to build microscopes with a
longer finite tube length than the mechanical tube
lengthrequiredfor correcting their optical system
(e.g.longer tharl70mm). As a result, for each

such accessory in a finite system, optical elements
must be added to bring the tube length ostensibly
back to its prper value (e.g. 170mm).

Y For instance, the NikonCglo b j ecti ves ar e #Af ul | gdditionalnageearectod is neeessdry t her e
inside the tube lens and ocular to complete the correction of the objectives.

8 Theoptical tube lengthis defined as the distance between the objective reargtans and the intermediate or primary

image at theiked diaphragm of the eyepiec®ince the position dheintermediate image is affected by any lens inserted

belowthe intermediate or primary image, many eyepietesmge the optical tube length (theldi lens of the ocular lowers the

image somewhat).
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Appendix B z Parts of the Orthoplan Microscope

Figure 251 Parts of the Orthoplan microscope © 1966 by Ernst Leitz GmbH, Wetzlar.

Figure 267 Detail description of condenser mount of the
Orthoplan. © 1966 by Ernst Leitz GmbH, Wetzlar.






