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1 General Introduction.

Introduction

Leica camerd atast bee eln
birth day (March 200
gned the first | ens f Lelca about
cially <call eg) thaveéobeéeeéesc seﬁeeedenburo
rt menltei coafWelt il tazx and Leica/ Sol ms. During
many changes i n optical design met hods
i c art and prhactciocnet i anrud nign elveord sut p en
|l ens does reflect these devel opmen
i nstrument of workshop <craft, bec
n the fifties. iLesikies" repl esantt oo
hest ski Il within the camer a
orl d". The study of the |
of Iens pasigmnamd Iceams eahg
r-Bhlemdraidti 87.08 /w8i5t h t he EI max or
nerations ago indicates the di
s been called a ameedhanocal repr
awing which are assumed to be a
i's true t hahtemilcal plpy viceasls n &t
nical , t result of thisnpeopresetseds an i
he human mind. The <craft of photography
al and artistic emphasi s. The Leica
ng both sides of the craft. Many of th
ith Leica cameras. And the technical 4
e examples of optical and engineering
ment of a technically i mpeccable Leica
s
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gnsitive to the content of t he 1 mage
cal expertise of Leica photography 1is
e should be more than an exercise in f
connectikomoandl| avi on between both appr
y of the technical and tical aspects
f t

OO0 —mouno

e
o}
0i the capat

o]
ficient condition to ex
r ambition f

e p c
S p i
nt . Leilleaaseéssiwgndh iatns admir abl e
5mm photography, cfapramdt DYy stchhmd.l eAmgd ngo
S the user pays a | ot of oney for Leic
a L epilcaa nleedn sb yc atnh eb emeecxh ani c al engi nee
the very smal.l tolerances that are |
s topics that are of i nterest to Lei
rs. My aq@rpe .o alc hwiilsl ai dencthinfiycadnd desc
igns that have been produced by Leit't
I have discovered a number of new |1
r. The focusali sdealivway s ntohte tdhea n gdee nitn
erent versions of a |l ens type. I n n
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b
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characterized by a focal l ength and an aper
is a change in mount, weafgfhectort mhapee, Sas
mo unt may be heavier or more ergonomically
of a lens type wild.l be identified as the
change. I n some instances beiama ohder ws se
unchanged design. This wil!/l not count as a
the |l ens are not altered. I wi || al so offe
and their potenti al i mage cowdluilt f.orl nwiwl lang
seasoned users of Leica equipment. One topi
books on |l enses wil/l inform you that a cer
certain topics. A 90mm | ens i 21lpnmodIleaismed
should be used for | andscapes or i nteriors
angle of view and what we can -tapsuréefof t
you care to study the masters ofa photogr a
phot ographers, you wil/ notice that any | e
Many new users of Leica equipment expect
significantly and visible for anyone to se
true.t s case with any fine instrument, yol
and train yourself in the craft before sat
too easy and most certainly wrong to sugge
give ywperior results from the start. The 1
be carefully explored and wil/l unveil i ts
at Salome’s dance. When t he -peercfhonringaurec,e nec
|l ensases been understood and applied, the Lei
ne

w worl ds.

1.2 Structure of the book.

The book is divided in three parts, whi ch ¢
I n the first part (Chapteantl) evbl witl bnaregs:
on the development of the Leica | enses Fr
the first |l ens for the Leica for mat and he
l enses have evolved i ntml odietditcltag e d malplt i o0at
for mat . [ n t he beginning Leitz had no e X
manufacture of photographic | enses for the
are designed for one dista-hceeodeiby andod ar
narrow angular field. The type of opti cal
needed for photographic | enses, which typi
needed to be stopped down and be focused ¢
chapter theadlvel opment of the optical desi
Ocean, the management decisions that had to
needed for R and M systems, and the need f
shows thaltd Leott zcaeme with all t hese, of ten
the efforts to keep abreast of or at | east
The diversification in designs and systems
met hod of nganbtact atl contributed to the e
company Behind the scenes, the Leitz work
worl d of optics and mechan-inoapi enggneesuhy
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The | eap for wtaerd avapaipofssli bl estafucturing, the
sensed even nowadays. The new Solms company
performance, however, and when doing this, y o
guality of the neiwchyeinrermy i winewff drentskes , f iwhst
performance potenti al t hat was envisioned by
part I introduce the reader to the dark si de
practice of optical ndeédvignsehlgeaphmhadadh dios nme
t he ptical aberrations as separate entities

0
degradation of the i mage quality, why this |
equi pment can notice of déeptseheompd iicalt ke rfoosu
i mage and the defocus bl ur, which i s al so hel
widely di sctkesed hteomiualaoft ybof the unsharpness
of mage quality is treatbgd T ataheawatyi dal
ectures and | ong time myths, I have to pr
contained and can be skipped without an
The third part may beé dbdawvei aerae ¢ ztelde [

[ u

e

s
ed and e ated every Leica lens in a ¢

N — + —h—
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® o

ar |l i eSsutmmAdida Pthi9@mant atgai nisé¢ |
of criteria. The s$ebmenol ogy f
chosen and refl ects my own exper.i
g met hods for exploring meaningful d
o a |l arge extent that many | enses st
Still there is a wide gap in the
1: 3.5/ RO1latdd4theéemmewTIBusnmgédpxi s |
on casual i nspection in moderate en
eomre 25 or 64 and Agfa APX25 and |
or big B&W enl argement s, there ar
is it is remarked that Leica phot oc¢
i g hte ia tareei s wide open, t he sh
at I S 0O or hi gher in order to
ti do agree that the Leica
e isrnf emaeyn cneo tt hbaet raenl eMTamtt & or
n these <circumstances, i's not
e and a very good definition
herelgnaodralindofrechéyereand loéf
|l enses are supposed to excel a
ng conditions, I have given mt
t the 2 omce3 owi dfelsar ea pemrd ulraest, b
ity of mechani cal engineering
entring of l ens el ement s. I
i mage quality, itfy.t hwhateclenami ngt of
[ al |, are maximum resolution
Contrast and the defocus blur are m
I go to some | engtaH tbhaseéwsplodi nt htilse
approach to |l ens analysi s.
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drawn specificallyofexpthbhbss mlhpolkgraandude wi
delved into the archives to find the optic
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the contents of this book as their conver s
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2 Chapter 2: The evolution of the LEICA
Lens.

2.1 Part 1:

The origins,
camemnadarn® 07
no suitable

25 to 1930. When Barnack was
1911 and deci-ledmito use a f

I s was available on the market
need a an r coverage egqual to e | g
dioafg otntaé mm f or mat has a | t h
mum | mage ht of 21.6mm from ce
ed a |l ens with a angular view of 460 to
th of anythdngOimmt weehd4d@omm 8arnack, wor
z fakbowyg, macwestope manufacturer, found
eitz andummamredanrvd kWiol ar with sever al f oce

e
(0]
n

— —h D

u t h
e eng
ma X t he r
e
n
i

S—rQ@a~

Figure 1: 2.1 A Mikro Summar

hoske-SutmenaMi 1: 4.5/ 42mm, which he f
otyplsicd8herdsi ding in the museum
ens. Some researchers have identi i
creptewows, onmothhere is room for some
however can be measured and recentl
and established a focal l ength of 42mm.
| ogue sartohuerBdMmMkx&*0Q iia si x el ement symmetri
now reveal with certainty-Leheaidéebtisy of
MiSkurmomar wi t h 6 el ements, symmetrically arra
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2.1.1 Choice of format.

Bar nacx6 sfeartrmat 20 nPrtehvei o2u4sx and cont emp
ras, based o-hilt mefl  SIBKMMP plead onaedd2£x 24
18x24, 30x42 formats. Barnack himself
and that he nlearnaeadt d oemurfeor g omad i im
The di mensions of 24x36mm have a 1:1
hen ubiquitously available Roll film
y part of the paéeéviousacentumwnyryTisdr
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n from this format, as the most wuse
roduced from a 6x9cm negative as a
uent | osses i n i mdgpe magualli9txyyw.2cAnd t
m) have relations 1:1. 35, SO quite
. t was one of Barnack’s primary conc
smal | negative could delivern itmhegebxUarmi ty a:
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confpacmnt . His device would be unacceptabl e
i mage was i nffiefmocompettihteorr.olHere we see a
bet ween the demands from the pracftical use
the optical designer that wil!/l characteri ze

Figure 2: 2.1.1A Barnack sketch.

Note similarity to Ber ek drawing The next
di mensions of the i mage aroera,t hwasr etcoor da fnig
capabilities of the | ens.

2.1.2 Optical requirements

Most photographic prints in the early deca
bet ween 6x9cm and 13x18cm. A comfortable v
around 25cm. akt weo ahepmaédnse tthh see the whol
di stance without moving our eyes. The resol
we can distinguish when viewing an object)
optical requinr eensetnatbsl.i slhte dh a&dbsy lreeesear ch t hat
the eye wild/l be found when the eye is focu
But for photographic purposes we have to s
25cm. This di st atnhcee rheafse rbeenecne udsiesdt aansc e f or

circle of confusion. Assuming an enl arging
print of 9x12cm (in fact 7.2x10.8cm) the si
| east O. 1mm/ 3. OTH&SBt33imn. 1/ THhOmmvadl ue i s USeoc
criterion for the calculation of depth of |
l ens mount . The optical calcul ations howev.
that the designatewall trght orapyscentas sm
The value of 0.03mm then constitutes the |
speak, that is a point should have at | eas:
(mu). When refl eetelngamda Bdarersec k opetctsl eBd f
could not know at what di stances the Leica
nor what enl argements they would choose. T
circle of confusion atshboel dihomt beedorlasi &
target value. See the chapter 1.2 for more

2.1.3 The first lens for the [MeicalJformat:
some design aspects

The first | ens, specifically designed for

| at er reelnmmamxe d( presumably the combination f
Berek). This |l ens had five el ements, where
the Anastigmat with the | ast group compose
then has t henumisq ubeei diigs ttihnec tfii r st l ens, de
requirements for the 35mm Leica for mat i n
around 1922 (As the date on the original dr
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Figure 3: 2.1.3 A (Computation page: already
Figure 4: 2.1.3 B Anastigmat

As the EIlI max was a bit complicated to build
the design to a triplet with the | ast el ement

Figure 5: 2.1.3 C EI max.

The EI mar was born. Tehnet sd etsei lgln udsa tteh aotn tthhee fdic
of the EI mar was compl eted in 1925. Thi s | €
compared to the EI max. The EI mar design is s
i mportant exception, the | olcatawinomfoft hthet o}
stop is part of the tools for aberration cor
| ocation can be more or | ess influential. I n
bet ween the first and secondoméemént heThis f
rays at the edge of the | ens and while prodt
i mproves the centr al definition. As the | ens
we see some astigmatism and coma in the outer

Figure 3$:D:2.EHI mar diagram

The EIl mar 1: 3.5/50mm established t he f ame of

i mage quality of a high order for its day. AN
programs of the original El mardicfofnifcdulutr at i on
to i mprove upon. A tribute to the old master :
two glass el ements together ( or split one el
a glass type that is not availiavla tmiglhet gl a
where the | ast |l ens el ement is cemented to g
needed for the computation.

| f advances are to be made, the only route is
that the EI mar |l e85 inoi 1961 ongddérn wemmtr yclodnd
kind. l nevitably ol der glass types were remo
designers were forced to adapt to these cirec
analysis also shows that stohei tgamanys caornee raesl an ¢
surprise that the image quality of this | ens
newer glasses and specifically the coating of
adverse conditions The ddagiegen i owfn tolfe tHlemabdra se
aberrations with mini mal means. This makes t|
and when done with only a slide rule and | oga
insight and creati vdlteymeonft ithheeh eddehsp esgsnseirb.i A ntyi ef
for the correction of the important aberrati
Broadly s peelkeamentt hter ifpol uert has a typical char
sharpness and weaker perf or manwcdeo pitn at he fi el
specific solution, t hat gives every version

El mar at full aperture gives a |l ow to medium
coarse detail over an i mage <circloef of about

the Leica, when compared to | arger for mat ca
when using the | ens wide open. Max Berek ri
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(centre) performance and also on a good col
i ncl theei nrgedt part of [ Stopped down to ab
mar kedl vy, crispening the rendition of fine
would be stopped down i n order to increas

compar ati ve tahdev anotlag efsi lwn tchamer as.

Figure T7Lat2e 1t. 8Bpe& EI mar

We may regard the EIlI mar as a classical exal
to the | imits the inherent possibilities o
has comparablen paxif ®r @ma n-e theememlt a sklincaarl  tf yopue

Computer analysis show that the relative

astigmatism and obliqgqgue spherical aberrati
t he EIl mar . The di fufietreenmetsi caeraeb | £maa nld, cbouutl
success or failure in the marketpl ace. So i
opt f eerl etmeent4 El mar to compete with the Coc
mo s t-f irlommlcameras. The piemportmamiceard geut weie
hi gher production costs, due to the more el

2.2 Part 2: The expansion, 1930 to 1957

Around 1925 most films were of the orthoch
I SO20 to | SO30. Pawoclawamad taibd ef i lboms wernté ale
(1 S010 to |1 S0O15) . Even with a 3.5 | ens, th
Leica user to shoot ©pictures in |low | ight

record all aspects sour rhouumadni nigisf.e Tiond aiyt,s whae
early Leica pictures made in ‘“available | i
average Leica user to use this modest wequi
capture indoor scenesl|l 802&anfapbmraodeyot &i l
kinds of protests. Usi ng-Etmar&@dam@daBodachr om
the -FmRol:-4A0@8Mm at 1:4 would simulate these
Results would be superior.,a enoimeent loyn, thwt rv
of the El mar in its historical and techni c:
3.5 is stildl an excellent choice as it <con
subjects with a slightlyssahdtya marogi ni nfagt
gual ity Using the f/ 16 rule, we can esti me
| SO20 film as 1/ 20 sec at f16 or 1/500 at

dul | scene with side | igHtimg. Thd Iwatttha rn
grasp of an able photographer.

2.2.1 The family of lenses for the Leica.

It is not clear 1 f Barnack did envisage t he
out the basic principles of hoifsf edreesdi gann.d A't
|l ater they had to be matched individually t
in the beginning of the |l earning curve of |
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mera systems. This is remaekpabbduasi beitz w
mi croscopes. These instruments were design
uld not be done in the photography departm
terchangeable |l enses to match with great

d enge to the factory. But the availability
ertures w&drehdeoraitsren Lei ca. From 1930 th
retched in two directions: wide angle: 35mm
cuwmr ginag o the 105mm focal l engt h, and the 13

jor configurati-opsfromth@e@2heooca Tkekastiipket

s a configuration of three singlet el emen
| acd eheméehirby a cemented triplet, we get
ent by a doubl et and we have the EI mar
/105 and 1:4.5/135mm. Exchange all three
tor 1: 2. 5mMm.0 Repl alcel . t9He&g 3front and rear si
we get the Hektor 1:6.3/28mm. Repl ace on

we have the Hektor 1:2.5/125 and Hektor 1

ure 8: 2.2.2 A: basic |l ens types

«

nsde chbasi c form i s the -Gaymsnse ttryipcea.l Tdhoiusb |leen
been expanded to a six element version by
uping of singlet, cemented doubl e and cen
mmetrceal Thequens also the design of the Si
two separate |l enses and we get the Summi
ar singlet into two air spaced el ement
ns. Usad i tomi, s adanfai gMlert € surface and w
85mm When adding the |l ong focus desig
Om the complete | ens |

I reasons f ors.t hkFisr sstc omfo m
n
t
S
I
S
e

(72} o

- rOo1—

ne is covered
| lo,f tdleesrn gnwds

y
to explore mor

d theoretical knowl edge
e z designers in the early period, gene
g , but | ack ofi rseud tradd lea ngil caasls ttoylpeersa n cf
f assembly made such designs not feasib

ingenuity to stretch existing | enses
nse in those eadéyigaraysanod gloasentypes:s
manufacture as many |l enses as possible
ing a new |l ens was often prohibitively

signer calculated tbé Ltédespenfpamancan
t it could deliver. I n those days the desi
aberrations. Tracing rays through the opt
met i mes, in the <case of skew.r &8ps,a t he ma
signer could not trace enough rays to get a
ototype was needed for a practical eval uat.
s a close approximation to thetdesired cor
edict fully i1its state of aberration correct
detected after the prototype had been buil

rac

f
l'y or more p tical way to proceed.

[SINORE I N o N () B I )}
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221211.1 The Summar type.

t hose edvaeyrsy tahdedni t i on al speed gain would
:2.5/50mm was the first answer by Leitz to
groups of 2 cemented el ements each, cl as:

a

gl ass auwndf avmaess i ntended by Berek as the
esigns -twiltalhs s6 salirf aces too. Definition of

_1
D

STOPRP T T O T OO IOTOTOT TS O0NT TO T TT O WERE TN
OSSO TO0OEPQDT —T®» TS -TCD®TO0O0O0Mm®™T
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served, but at maxi mum aperture overal/l
e daysl|l ®#iadns hacectt lkoow resolution, which
ession of many ol der photographs with
performance would have been in |Iine w
speed |l enses farntehdi 835monulfobr mat ceep
ively wide aperture introduced a hi gh
ns the outer zones consirdeefrlaebcltyi.onFurt
ngs produced additioonaht santsi tANdt lyasi
east, the requirements of Leica wuser
red by i mproved emul sions, necessitat
unwanted flare and refolf-eqtiasns, one
s and one could use one of several

type (consisting of two positive si
nner negative sioghfitged @meann. (Wé |
with this design and use one ofr
| ement or we can split a singlet
e i s an expansionspbaceaétemesi gi nal
). When we pHabcaec kt wsoy nGraeut srsi cdaol ul byl eatrs
rture stopGawes sgetty ppeh eanddo upbllaeyi ng again w
a cemented el ement to each negative me
-Gauss six el ement l ens is born. Thi s de
aberration reduction. So Berek was qui
h speed 50mm [-@Gaassess dersitgme abadu bnegl ect
ivatthes Zéass Sonnar and Er#osnear ), ev.
ctical advamrttchapaxt. i n\j ,t htolud rmanty gl ass to
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© O
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Summar | owered the overall i mage qual.
ks remar k abhlayt soifmitl me Itat er Summi cron |
/ 50mm exhibited a | ow contrast i mage at
igmatism in the outer zones and a fair
e detail outve ntehse airnep rfeuszsziyon wohfi cah sglii gh

gure 9: 2.2.1 A Summar |l ens rigid

e Summar had not the crisp recording of ¢
i-tppeee of | enses could offer, and its i mag
pan studying and i mproving the design and
uld be used to good effect when Leitz i

39. This | ens has somewhat hi gher contra
e t o raonhti glgeenrs f. Il ts gener al characteri s
mmar specs. I'ts central area of good def
tigmati sm. Mo st i mportantly the Summitar
e i mproved omnol(ouorn ga drurdd osntal ) and better d

re needed to support the new generation
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S . While the performance of the Summi
i m with great ease, thae liomage quali't
10l p/ mm already. The value of 30I
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221221.2 The EI mar type.

e El mar family expanded quickly from 1930 |
verdibng 90, 105 and 135mm focal |l engt hs. Ap e
4. 5. The EI mar 1:4/ 90 at full aperture has
nders coarse detail with good clarity over
mm) . The &rOtmend lietnss Isitf e not as a portrait
ptized | ater. I'n thegr‘al3 e fainldmeemuml sit o nMmso dw
| argement s, details in the subject coul d ge
e of the 90mny was rtelceorabidet ai l s sufficient
ain could handl e tchael |fekh eBeerrighadeé 108 mei I s. aT
mpact aweigéatylleinghtof only 240grams. This |
e Leitz compemse st ot hparto daurevee icgohmip.acTheasned | i ¢
aracteristics match the Leica body as the ¢
mera as travel compani on. The EI mar 1: 4.5/
ngerprint of goodedcealtsal chlBhamamniecsser barnts , st
avoidable in a |l ong focus design. Leitz re
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The El mar 1:3.5/35mm at full

cter of | owrerofcometraishs @oddsa
a very compact | ens, as were
even announced an EI mar 1: 4.5/
ase of -kismar Tdrnes idnhdaitcaabtcdiiot z e mB d
provide the user of the Le
plications. Every type of

uld be cover edtywiet.h Tthhee L e
the first attempt of
d. The triplet design
d the Hektor 1.9/ 73mi
e lens. The wider ap:
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fining characteristic o
amblard bc2cllitl @dwmtihataast
make portraits with th
e extent of softness can be
q at can be placed in front of
w only the outer rays wil |l be
degradation of quality as these out e
t rtahatr aggrse bl ocked now. Longer focal
and the correction of aberrations is
t The wide angle have a | arger ang
t misngara&® mrabl em for the designer.
6.3/ 28mm, was introduced in 1935.
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ortion ask for al | attention. The
n whi dh 8i. ndded disamgoee by the fro
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arge as is needed from geometry
et ai | is softly rendered without
2.2.1.douplei nMfel ygdc urygpey odfhet he Lei.t
[ n is |imited to the 135mm focal
, a new device, t he mirror refl ex
ed i n the teoarbley upseerdi.o dT hA LsO QiTe)v,i chea d
f mechani cal engineering, transfor
ary photographic instrument. For sor
are indispensablre. aThd r@Inygmpincc egd m
nelwe ntseelse pahnodt ot he Tel yt 1: 4.5/ 200mm
d with this depl oyment i n mind. Bol
and performance is good for the 200C
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— O

PQC —*TDQ DD DoO Q@S
OO Ww>S

nw >3O0 >0 >S5 S S nw-—

2.2.2 The war period.

ing the war Leitz managed to keep the p
reasingly shifted to military, medi cal a
appear for the presumably civslian mar
cribed in the beautiful and colour ful L €
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LeiObg ekti ve”. The state of the economy woul d
buy this | ens, even if it were ava b [
the Hektor 1:1.9/7.3 ¢cm was RM 260.

Summarex 85mm had modest i mage qua
on stopping down to 1:5.6 and 1: 8

Figure 140en23. dAerview 1943

-
=
D

| setrileB
| enses
ber #
i nor
ummar 1:1
sions o

edhrmsregi stered on March 15, 1944.
f exotic specifications: 1:0.85/1
8 The | i st of specialized desi
IOR Sainndmalr: 11 :50 .485%0/niimb,mm and 1: 0.
m and 1: 1/ 150mm. Coating was
l enses in 1941. The civilian
il after ddeaet iwmag . halshendtopficumod it
gliatti notes that coating had
om 11 November 1945, The factory
al number s 60000 Obattoc h6 0olf O OHOe kht aowr e
The first Summi t ar series beg
s part of a batch of Summitar
tory archives si naptphlei eodpt i c al
1 (from serial# 580000) and |
iewxe oamntcioati ngs. These | enses are n
war photographers (Kriegbberichters
Labaratory, dated 3 October 1946, on
does indeed note that Zei ss, Leitz a
during that peri od. The report remart
raerdeni mental) method of centrifugal
met hod of ther mal evaporation coating),
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oduction was resumed already in June 1945 w
01 El.L. A5 0hm3 | enses. Bet ween October 1941
nufactured about 15000 | enses, and some | a
cialist l enses for military applications,

5/ 5000mm. alstsuime 1t dad o meolsite of t hese
t the government. As it is also very I
ober 1941 were sold out at t hat date and L
h trea@n ver si.on of their | enses

=0 —~vw3PFrTDT
-0 M PgoT ® O

2.2.3 The postwar period till 1957.

The Leitz factory emerged after the war al mos
a desolate state and the American Occupation

val uabl e Leitz document atthieo nwitsod otmh ea nWS Av.i slito ni
Ernst Leitz that he was not bothered at all b
aid that as |l ong as the Americans all owed th
with their work he was novhaworirsi esd idhbdowtaliitd &
The real power of the factory is the creatiuvi
Al ready in theWspkengeeimé8@84prboduttkzi on with
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product l ine as was avail abltehei nSulmdmaT.onTh
1: 3.5/ 35mm, introduced in 1949. Like the H
and rear | enses were quite | arge for the s
six el ement Gauss design had mohe potenti
EIl mar of the same specifications, and its i
producti on, showed the determination of Le
Leica |l ens | ine. During the war Leitz intr
and after the war new glasses became avail
in the Leitz glass | ab, founded in 1949. I
too often that they could get bedad®r correc
with specific properties These gl asses ho\
wait and see i f and when Schott or other ma
awai ted for, was not in the intersest of Lei
relaunched in a chrome version and with <co
were not changed and, while having an i mpr
i mage quality became quite good only after
lres gave modest performance, and its weight
Leica bodies of the day. Il ndeed, the struc
bodies when the heavier | enses were mount ec
theseMi dfhe Summaron 1:5.6/28mm (1955) impro
design is symmetrical which gives better p
range. Al so distortion and coma are slight

g
medi um cowithst kemsmendabl e definition of
i mage circle of about 12mm. The outer zon
field gave the designers a | ot of troubl e
stilldreami paWNhssindering the introduction of
weigh two factors. The high cost of the des:s
But sometimes the Leitz designers had no su
a
f

an exampl e. iTohne fooprt itchael dseosliuggtn of an ul tr
found by Zei ss and Schnei der-Anglud iotnz of f e
1:4/21mm from 1958. This is a symmetrical |
Its construction ienlceomegmtitrsatarnsd neagwit degespat
the el ements This type of construction h
i mportant for a wide angl e. Coma and di st
Angul on has indeed very | cwddi sittoratlisoon eaxnhd
the | ow to medium contrast typical of the ¢
the soft side.

Figure lelar |2y. 4SuAnmi cr on

The coll apsible version of the new Summi cr c
t he trdmsitthieonmext peri od. While the | ens i
wi || di scuss it in relation with the newer
with t heoumgw iM mi nd.

2.2.4 Summary for first period 1925 to 1957.

Theoreticafl tkhewdéptdigealo aberrations and ho\
on the work of some eminent scientists of 1
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and Mi et he studi ed t he equations needed f o
photographic | enseé, nRiwbel aspgertiynppeerst,edanwdi tpe
Rudol ph, Merté and Lee explored unknown terri
The desi ns they used, -g(atursispldeetrsi,v aRéd tvzevsa)l weerr
constructs $rbom fhet 1Pemaclkablueyt ant
he early efforts were concentrated o
d of astigmati sm. It is also interes
he demand fsor hplgdt d dirad p mocs t| aresse g nwea
had generate designs that could satisfy
fundament al research hardly exi sted. Commer
expanding ustry and the peamiudmacd urershexpl
ut most. T idespread use of the Leica and i
focal I n into the wide angle area, put
and so
some d
aberra
e
a
a

to

-~ O D

€ surprising intr odeuacrt itoon of col
s that the traditional met hods
id not suffice and that even t
served a reworking ot)basic pr
ens design was insufficient t
h a ed to be controll ed

the energy balances in
wery wel|l and he even devoted a full
undl agen der praktischen Optik?”
t of the Leitz philosophy of I e
u t
d
S

e
t hems n
appro
err

d
w
S
h
r
d
e
I

a i ons t
f
t

ts, Ihezeetenoesanian this new

ed withtdthleexc!|l asdi camediogal m
insights had to wait wuntil t
the oadfgi nsnte tthoe rluinmi t s of t he
tion. Al brecht Tronni er of Nokt on

ng possibilities of the old approac
y for a | ong pdeadrosd.t Bee hin ensle arl cohs ed o n tgi
he foundations for this new approach w
evaluation methods for the appraisal of optioc
mi rror 1image of this reseacge haf Tdeaentfriasstt fsaru:
i mage quality were | aid down by a Zeiss emplo
925 to 1957 can be characterized as the sear

OCYWTYVDY®EITOT

0Os~+S5—-T

o the exacting demands of the RAeifea for mat
roven designs were selected as the platform
he |l enses t hat wer e commercially and conce
xpanding user base for the Leica camer a.

re 12: 2.5

c
>

cthe preodwactsiyest em Study of t

1930 to 1940 indicate€
0O were of th type E
e El mar 1: 4/ and
t
c

period
169.

r
o] h 00
50 mm. Th
0 26.
e

Q0D+ C

0Om
of 28. 000. Mor e an 70% C
Itzianer” in th Wet zIl ar “Ho haus”™ we
90mm | enses added another 13 %. These fig
merci &l ovi aewl desi gns, and when we add t he

es

ry, w e
Summar 1: 9
on 8 h
Le h

O ~T T T
oS T-o< o~
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1929 into the equation, it i s sound busine
wepdoven designs.

T
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c
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=
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2.5B: the Leica i mage

I n the | ate thirtiescdlhel dregtchas ufsream cd&8 | tdo
apertures from 1:1.5, i ncElbdanglsém8/ &8P 86 mmas
and the Thambar 1:2.2/90mm and (hypothetic:
is true that some of 't he cladi cla nidams es baver
and producing the |l enses was of paramount

tried to expand the system concept of t he
understood quite well, t hat rmpree hseuncscievses o f
l ine of | enses, t ha provided most users Wwi
evaluating the optical performance of a | e
one should take into account t haats twhee | ense
do today. The British report states that t|
at the factory at the aperture of 1:3. 2.

numeri cal rules to relate the qgqudaleity avail
success ofambhea“Wwescah part based on the |
|l enses, coupled to the 35mm for mat. The de
down to middle apertures, and this technigq
fulelrtaupr e setting was primarily reserved fo
where sl ow shutter s peendwsl sainodn shiwgohu | sdp eneodt,
fine detail at all It was a face of i fe
would be | ess that what could be delivered
2.3 Part 3: The challenges, 1957 to 1988

The Leica company had to face sever al chal
whi ch wer e optical i n natur e ande ot her s

photographic industry. The German “Wirtsch,.
economi cal weal t h, photography became the |
popul ati on in the industrialized western

company,atmadwilnod hree different factories i
40. 000 camera bodies a year and close to 10

Figure 14: 2.3 A: lens # 2.000.000

In 1964 the production of I ens# 2.000.000
#1. 000 .92.0 Ilim tlWose days Leitz manufactured
which were assembled from 300.000 discrete
parts had to be shop tested for tolerances,
range of produwths chmowere aonfechiaghcpt enias uom
put a strain on the production and engineer
depart ment t oo. Manufacturing technology w
war , i mproved amdirmaed e rbruitz emh naifa l | abour <co
the workfl ow. Around 1965 the economy sl o
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industry became dominated by the Japanese an
l ens refl ex. The high guabistyY heompaoindr angaft
product for the market. Leitz was squeezed b
did not have an i mmedi ate answer. The Leicaf
were too | ate and of too modthe mprketficatio
The optical chall enges were | arge too. Japan
range of l enses of i mproved optical perfor ma
and manufacture of |l enses made them | ess fl
speciidnsc.atThe universal adoption of computer
designers equivalent opportunities and in the
l ens performance. The |l eading marques produce
on a | avekfikdt mpst professionals and amateur
difficult for Leitz to distinguish themselves
performance. The amounts of money for the r1ec
stay ahiempg!|! wemet savail abl e, as the falling pr
reduced the profits of the company and aske-¢
chall enges seemed indeed insurmountabl e. On t
l evel, Leitz worrakiendt swiotfhian ttrhaed ictoinosn a l met hod
deci sion making and the famous feeling of Lei
fading away too. On the marketing | evel, Leit
problem of a smal laenrd pirhoedurcad d nt oo oéxxpnand t he
product s. On the | evel of design and innovat
designers were quite innovative within their
speed |l ens of fixed fociah (keegtkseandh wkoe n
solutions (gl ass, aspherics, even vario | ens
focused al |l attention and devel opment on or
devel opment of l enses with very éewdgh i mage q
when the mechanical mounts were of wvery high
simpl e the high optical performance necessi.t
and a mechanically el aborate mount : which ir
of éhe &nd as these dimensions cannot grow b
the specifications are fixed too. Leitz start
enviable product i ne, t hat sold very well,
manufacturewedhehemsel ves the |l uxury of t wo
competing design departments in Wetzlar and M
Leitz even added a very &elaborate and costly
designing newemevhbdatifem. i mMag big changes it
world and in the photographic industry were
Leitz tried wi t h cooperation, and t he adop
manufacturers to expand ftahdae hpuddu ot tlhienet,r avdh
values of optical guality and superb mechanic
Figure 15: 2.3B: telyt 3.4/180

Figure 16: 2.3C Macro EIl marit

Figure 17; 2.3D Noctilwux 1/50

Il n 1972 the Leitz family steppeWilbdack from 1
Heer brugg was in complete control. Not much <c
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from 1974 to 1988 i
Some outstanding pr
Noct ianudx tTheel yApo3. 4/
the impact of Leica

characterized by a pa
ducts were created i n
816 c-Rlomd&rt i&ite 1 Apmram, but

on the mar ket had been

S
(0]
1

2.3.1 Evolution of the Leica camera.

During this period the photographic divi si
change dramatMITadanhyg.i W thande of | enses, L
the premium manufacturer of precision min]
without doubt the photographic company witt
M3 with the Noctilukxrhed. 2héO0Opmsi(tlO66B) oL obe
|l eader in advanced optics and the role of
camer a

T
«Q
c
=
®
[EE
o
N

.3.1 A M3

While Leitz concentrated a substanti al pal
concept, hhe woholtdgrap!l| arge-comadcwpdl.l yIT hatsi f
change occurred in a few years and must hav
only company in the world that expressed f
professional heamacaosysthemevér could not 0
sales figeseesetorLehezMreluctantly foll owe
in 1964 pahhlges hoifr tthhi s camera have been note
and the announceaneweér efr mwmowerfd e xsiLreade 1958.
devel opment of the reflex I|line is not part
Leicaflex and its successor model s were | e
devel opment of -hiocempmpéeeswivehl|l ehe profess
and German models of those days was no easy
rangefinder camera dropped significantly.

around 30000, and a fa8w ykPausaedr|l eeel weBet
the M4 sales were around 12. 000, and the L
run of 10.000. Leitz was in a difficult po
i nvest ment for researcht andonmpepeted opimentt ha
more innovative Japanese compani es.

Figure 19: 2.3.1 B M System

Being alone in the rangefinder mar ket , Lei
with bold new designs. The M5 wasr clearly t
who was accustomed to features | i ke the th
cL, on the other hand incorporated modern

vast mar ket of the dedicated amateur photo
i nnowatgiimeeeri ng, did not capture the mood
withdrawn after only a few years. I n fact
to the confi dedwd uafe.Ldist avaisn dtelte-drRE i n We:
productada omommanttrate on the SLR as the main

and enthusiasm of @asyfsdadvwempershenp,r odawcdd othh e
was transferre)to Midland (the M4

Pa@ge 0223
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gure 20: 2. 3. C: Leicafl ex

Weezl actreof| adheboddi es, had
ready at roduction and Leit z, foll ow
in them”, a up with Japanese suppliers
Lei ca R3. -dléhep hhd rstt oirsy mdt tper tR of r sto
t hat the Leica R3 and the succe

e Leicafl e
i

o~

X
t
t

Ss
dence in the solid engineering Le
d R7 restoredwtlvwe mépebdiyi enfebung
er 8ol mhe cooperation with Minolta
used sever al Mi nolta desdisgssetmo fill in
see vireind i es htitce i mldaitsagryapr eached a perf or me
evel opment had virtuall yExsgopwpread after
ques. The |l enses too, hel ped by compu:
d to a state wbe h cavssalbegomadi agi Wi ¢ &
see big diff e es in image quali"
nses, i mproved the
aryl daviouophbl e€alplr
d to innovative des
mar ket s. On the of
d CGemmpani tompatfhi ®m,
by computer progr
ass types, produce
the Leitz designs in
w its advantages (slide
g. -ATde@atiinvcer emrsiimiy als®o
hed perceivable differences in mage q
g en, otvheartl oiosk eodf:t et he mechani cal gual ity
|l ens mounts is second to none. The 1| o
e seen in any ol der l ens that i s 1 n us
er ances,ngeevde na radi t heerauvpye ol o
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Figure 21: 2.3.1D: Lens mount

The Leitz company started the 35mm boom in pt
was sold to Wild in December 1986 and the p
Solms in June 1988hi dttoriys tah astt rlaenigtez qauli waky so fw
current mood: in the twenties when against al
was produced, i n t he fifties wh en t he deci
devel opment of the RF sysdem dead tin dgthieclkitght
manu al focus SLR. The Leitz management t hen
i mpossi bl e. They felt pressed to offer a cor
di fferent systems, they had to timerove the ¢
contain the cost of production athad awj ust to
systems. These decisions had i mportant conse
characteristics of the Leitz | ens families. f
compamant ed state of the art perdfhoer mance for
art” was to be defined within the | imits of |
designers had set themselves a certain minim
have delsengsne(df ocac a l l engt h, aperture, vol ume,
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2.3.2 An Herculean task From 1957 to 1988

z introduced moecdc Itdarman t4yWpyasst winora ntdhead el
t han 50 Iseynsst etny,p eosn faovrertahgee R hr ee | ens
afl ex has been introduced on the market
em started aroundodr 19#®@stRAM wWedarrest ogdthiec a
l etely di-éeffereakentosm kthelWM64 the Leica
our | enses: 1: 2.8/ 35mm, 1:2/ 50, 1: 2.8/ ¢
re new optical dietsh ginlse @xde potfi oGa nc
ns which was created inbdey zI ar . T
b ger distance from |l ens flange t«
e ddoicaurserdetso gardeodctaa il eetmrga 1 Wwiet
are more difficult to design.
t el ement s. There is a ‘“hard’
i's éasi drentso Awardr @& d
be different too.
Ns@erse atna@ wo@mtei mioz eo p
tz cages ?wiltnh tthlrees e
|l 1l owed two differer
d to Iimprove the i
th darewngesnpgpesci fi c:
e advances in optioc
the assistance of
8 het Bwittend | geunistees codfn ¢
cations and forged ahead
rection. Oof course there v
oper s of t he M and R | enses and thi
to panfe nt he 50mm | ens.
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of the first strategies to be wused by
igning |l enses t-handygy®RubehsbeOnsedxampld e
the | ongd Ifeonrs etshe déived folpex , Fn a diffe
stem. The | ater Summicron 1:2/50mm | ense:
marit 1:2.8/135mm |l enses are examples of
at thedéewar tdreesntgsn )( EWr endh &E&LLands of K i

D »n o
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, and pursued their own design philosoph
and so the potenti al for competition we
ynergy. Anot her strate@ayuf act owr ecroso.peTlae
of Il enses that Leitz could develop then
designs notably zoom |l enses and very w
third parties, | i ke eSscehnsetirdaetre, g iZeesi,s st haen dt
of t hat period is between the drive t
[ to translate this 1 mprovement i n
the cost of manudarmcdchirient dhe use
ter grasp of the optical t
I o i mprove designs signifi
at Leitz succeedad icomuddivancing
i
e

T ST OO0 - ® O DT
3_1
Dy nm

OO0 oYY o+ —wWwTO IS ST OO

cSoTa
30<

OT OTST T ™ T T
30 T aown T3 unea

n o ght way to produce these exci't
mbling and mounting | enses dic
with the way | enses were manu
s needed tighter production tc
er cost . And that was the ecol

ul d not bear this.

c OO ———
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wi t

<
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2.3.3 Evolution of the lens systems for M
and R.

e devel opmesnytstefmst feor | eRnsand M has to be
terpreted against this background. We can i
gni ficant acts. From 1954 to 1971 (the peri
ine into a full bl eonwsne ss yf srtoemm 1c50 nt coe p8t0,0 nwm .t hA
e factory redesigned many of the | ens:¢
handl ing. I n sever al instances the dr
e | imits of pradee¢ti iomn ctosd¢lsnolAofgtyer anl
u
%

-5 >

on of the M5 and CL) the rangefi

o~ >

h

rod [
cti y with Il enses in the 21 to 135mm bz¢
dlepiagn ment to economize ond tfthiend ntroduct
to control the production costs of exi s
introduced a number of v&r Yy amidgh speed
, t hat coul-dft baer ts epernofad et feorsttahtee rangef i
to 1990-srye treaw hlaevres ébse efno rc otntsd rMct e
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Figure 23: 2.3.3 A CL

Figure 24: 2.3.3 B M Lenses

For a |l ong time Leitz-symaitrmaiased ha&andeexgancced
the great traditionpby. t Manyokemsesaesawgr photed
for i mproved optical guality and/ or better h
Some exciting designs | ike the Noctilux 1:1. 2
to deliver the best pnoasnsdi i bnl ge  coupsttiocnaelr sq u aB uitt y
systemcept of the M was not abandoned after

Leicaflex and for a |l onger period Leitz had

l ong focus end were competi hg di shi eatihomt he
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bet ween the two systems. Wi th the Telyt | e
same optical cells in different mount s, w |
hardly of production, one may assume.
Figure 25: 2.3.3 C Noct 1.2/50

The ewmobittsiysed etn can al so be sketched in sc
After 1964, the year of the introduction c
|l enses -sfyosrt etnh eprRo c e e d esdy sstleonw | Lye.i tFzo rc otnhcee nR r
t hese f oceal hlaedn gmiohsst tehx peri ence wit h, t hat
t he backbosnyes tfeom: tzh8emnM t o 135mm. The maxi mu
were quite modest (even for those days). T
180mm al l had aperluYes4s oddesilgm®.was Tthlee 50 mrn
1969, ten ywarrsi anf.ter the M

Figure 26:1.24./383.53 D R

The aperture of 1.4 for the 35mm had to wa
enough to produce he Summiluxd liiild. 3935 mm. |
more than a decwadesilan.erOndamay henlMy guess
been so conservative in the specifications
argument mi ght be that they did not want t
camaystems. Leitz obvsypsséem Asadadedbmpkedmeht
M-system, not as a competitor. More philos
focusing screen and the mirrorsylsdaxemwith i
dedicateldex heoLai diafferent type of phot ogr @
exactly for that goal. Leitz, with its ran
that the inaccur aicmagpd farcgesf iwider tdfe tshpd i
the use wfpevdar y| emisgls . And on a more munda
aware that Leitz had hardly any -experience
system

Figure 27: 2.3.3 E R19

Around 1975, more than 10 years after t he
i nmat i ons -sfyosrt etmh ewaR announced:Tet lye 19 mm
3.4/180mm, the first apochromatically corre
is interesting to note that the Wetzl ar d
techni que ofMiadslpahnedr iwict haentcdheomp o at | east i
The M5 abddy hkeovirever required many | enses
standard focal l engfbsusol besee®edekepgphedhaw
first hardly anyoexpéeenesgsd bmwmst IEThatrd ear
curve is vVvisible in the mangystemsagadast loé
35mm | ensestdmr TRhe first original Leitz d
domain ar eR tlhe . BlI/M&Ormnt-Va nld: 2t. 8¢/ 2BLImmari n 1975
1980, an indication of the | ong gestation g
design these types of l enses. -AYydteem1980,
stoppedystbke Bxpanded r apildilke wihh 3 uvamndimau
1.4/35mm design (1984) wEt m&f [20 8t/ilr0 menl e me |
(1987). At the same ti me, Leitz adopted mai
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evident t hat Leitz had not the icveepaci ty nor
devel opment program for two different system:
over ti me, and a switch of main focus from Ra
Figure 28: 2.3.3 F: expanding system

2.3.4 The quest for image quality;

abl seglmesls ttoybe t he biggest obstacle f
Leitz set wup its own glass | aborator
s the introduction of the Summicron
a ns 11i9g4hot laynddi f ferent computation be
tt glass had to be inc
z Rechenbidro” continue
on woulgdh mataldltee @/ &bmd
r n
ai
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critical Leica user. I those days th
current models became p nfully <c¢clear.
r | evel etfercogirmxltyy omas ttchee sdmalm . The
pf ouayonet mo emotd el a7, speci ateal IMy ment
vignetting as one of the prime charac
foll owed hbkbe Sdemi gar pandmether s nefr eda s
was sl ight. It too is a | ow contrast
predecessor . The rigid version of tfF
n 1957, but wasal opeadahe eamawia@ag. bbtar d
i cal i mprovements that were -madge. avail abl e
edwenrent Summicron split the front el ement
used the air spaceadbdeittweoennalt hlee ntswo( aenl eamern
l i nse) . Leitz also separated the front d
nced correction, specifically for a reduc
ndary spectrum (the g hrdoamitgmrcer abealrsad i ¢
porated in the new design the new Lanth
rch -Ileanbs.e sT haer eaiar mi xed bl essing though a
o | of aberrations, but alistoi venttr@duce m
deviations in tolerances. After 1957 |
al | esnyssetse ni,ort htahte cMan be regarded as the
dl'y i mproved i magery, when compared to t
ese |l enses was a true testimony t
S
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h
ds, that the Leitz engineers had
ties Leitz had noted that the tra
rati ons, the commercially avail ab
d seriously handicap the search f
Berek died, the company had inherit
mu laatveast pool of experience. One sh d
ry originated in the microscope divisio
fundament al transformation before it c
ographiThedermiacrtarsecndape | ens has a much s
dar d photographic l ens and aberrations
ographic applications are | ess so than i

of cour se. As e pyaommplreo mat intayc orrerneacrtki o h h
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enses was standard practic
l enses. A major part of t

O —

1950 to 1980 wasubhesct étd gth
As | menti oned before, this
I sses of demands. A | ower S
2.8/ 35 t he hi gh speed Summi | ux 1
2/ 9@mk f or di fferent type of-aberratio
ning the several sets of requirements ca
er si-oarsd yf ®tre nish.e SMme designs were r ej
ednsvierwitness t he Summi cr on 1:2/90
50mm (1961) . Here we see a trait t h
pment. The optical department in the
e t he exuiosutsilnyg laennds etsh ecyo nctammi tt ed a
ces to that end. Leitz would never b
nough. Hi s drive was to provide the
mance. The smacwpal rédesi gals8dbgimhs | an t
do show this intention. Someti mes a
ux 1:1.4/35mm is an exampl e. At full
s from coma. |l ts towveirtaltochaer ac tSamms
mm, opened one stop. Given the col
e
r

O
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peed wi de I l ens, the definition
haps mor e
a (theoreti
t to produ
e, t hat t h
adjust ment s
e | ens, but i f the glass needed ha:
her glasses, or basmapippéatees$gthad, n
not use it. It took al most 30 years
break this Gordian knot for this typ
wo asprhfeadeal (1EhGlel ddeoDnshdpc bdbtee we b
hi |y

e

o]

u
an
accurate twi tshayn tcheatt atime IL
al) | ens that could del.
e such a | ens. We do no

pr e¢duwntdi otnh att o ltehrea nacmecsu I

during assembly should
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ral vari abl es. T s |l ens was optical
ur, the exactitud of the tolerances ar
ed the | ens the commerlcn atlh es uccacteesgso, r yL eo
speed |l enses (1.4 and wider) Leitz r
roducedsitbe Ran|lEehas0.sthlyedRin producti on
mu c h i mproved version wiH telhs 8 ing | esmanrdtls i
oduction, but begins to show its age. It
at delivers improved i mage quality while
mensions. The | ong productiownwempeirom)d of t
clear indication how difficult 1t is t«
meters are really difficult (1.4 apert
a designeR.Hor Thlee S355hmm!| tacal l ength w
Yy needed a vast array ofveorpstiiccralf rnoemans
vieresiMdn had to be designed within the
represent what was poswieblsée owi tlhhutcdnbe
igned Iwibhértmoreoncerning the size and s
h floating el ements emerged from the dra
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2.3.5 Containment of costs.
During and -saefvteenrt i tetse rhiedt z tried to rationa

sharing mounthssawhHetewser epemei bl e. As exampl e
Summicron 1:2/50mm standard | ens. This | ens |
goal for mor e i mage gual ity (and cost cont
Summicron (type |I) wa3 aheleT®4.] apPlsée bSemminer dn
for M was introducseydystemlPib964FokLethe Gawa®Ra
di fferent |l ens, now with six elements and hig
types. A few years (1969%9pnl &t é1l)iErfed,riatheodiuce
design that differed from the predecessors an
In 1969 the Summicron for M had the same over
for R, introduced in 1964 eamechttsha mpe dwetdi drh ef
i magery and at the same time reduced the asse
evidently one el ement l ess to grind, check a
i mproved at the same ti me. The neoOx/t6é st age of
with the-RSurmnmi)cromhi s | ens is a highly evol ve
i mage quality, better than the predecessor, e
It gave a high contrast i mage wiatgle quite eve
area. An al most idgnstiemalwasern ssiitomdiuecredt hea M9
Summi-dr 6 hV) . Both versions are remarkabl e as
instead of the curved surfaces of the other t
isieasto manufacture and handl e, so its wuse
addition a plane surface does not generate un
use al syergle®oating.

Figure 29: 2.3.5. A M50

Figure 30: 2.3.5B R50

On theawdherphane surface has | ess potenti al

for explaining this apparent contradiction (s
the i mproved optimization capabil-ity of moder
El mari tmnl:i2s. 8a 9Wery interesting example. Thi s
1973, as a parall elC dev4el90pmme nftoro ft hteh eL eH Icrnaa r
shared no compownemdgisomwiftor tthlee 19&idcafl ex. | n

di fferent andor mpdhyesvt&dm 9a0prpre afr e d , but this |
adapt ed -sfyosrt etmh eu nM i | 1990. There 4s an intere
El marit for M. The 135mm | ens was not selling
i magery, was t o bees.axBeudt ftrhoem ftohcea |c alteanlgotghu o f

be taken care of. In the Leitz archives we f
l ens. The Leitz designers hagdsiemmand Bhe¢el ec
compacHI| nfeerliet . Thi s eloimbemaai oaer wosmdl ld and |
135mm | ens of acceptable aperture (1:4.0). T
because of | acklustre performance. It does i
actively searched for.
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gure 31: 2.3.5.C Novofl ex

thexdmple is the Novoflex system, whi ch
nses, made -bfoodi evs stodd.ex and R

2.3.6 Cooperation

re we can identify one of several strate
th several | edsi mhhuf acterensy t o bhbobmment
Leitz to neglecsyshemzodmel ehsesi a&abrpos
garding this type of | enses was the state
th fixed f ocealatltean gntehd eclmogu.ltdh envotwdbth r egar d
mar keting act. Technically-l eeses weaaée nc
ved up to their standard of optical gual
vel , I would mWenzooen tensemath ihat physi
ns el ements and complicated engineering &
th the Leitz philosophy of l ens design.
ements to get dgptmigmurmer edhalrtactley otfua | e
rst. The basics of a complex zoom | ens a
ny variables involved. A zoom |l ens can be
mechani cal compersatiingn aberaatooihsf oWhear
nses arrived on the market, both methods
sults Leitz was |l ooking for. The optical
t the mechanical oaee wasat aheastgi neet hagl
mechani cal precision.

gure 32: 2.3.6

Angeni eux Whatever Leitz view on the zo
zoom | enses and so Leitz had to offer tI
ystem.fiTht supplier of zoom | enses was |
is company offer®&d mmhr deunmdv8bd-nE: 3. 2/ BO -
0 mm. The cooperation was quite |imited.

y emoeutn t of t he plbeinoafelde xt,heangdal es of t he
l ati onship with Minolta was much tighter
al , and we may remar k that in optical m e
an the other way aroweweér Else abhpahede ac:t
ich Leitz and | ater Leica could expand tl
nolta zoom |l enses were delivered as Leit:
oduct s. The optical per faonrymainmtee notfs tahneds
rposes good enough for a broad range of

t perform with the characteristic Leica
estion e choice of the Lei dedsystem if
ir

t t h
d party | enses.
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Figure 33: 2.3.6 B Minolta
Figure 34: 2.3.6.C Schneider

Figure 35: 2.3.6.D Zei ss

Leitz clearly |l acked knowledge and possibly

Leica R system with only sLeitthze dasihgrnyed |learss e
the 15 to 24 wide angle |l enses came from var
Mi nol t a) . The same strategy was foll owed wit|
and were the suppliers. -plheteg Iwemzemasdi scus:
rebranded designs or i f Leitz added some val
1: 2.0 was the first in 196-200i hrdm74 foll
Mi nol t a The neXt0,wagaiheby: MimioTH5 a and t he

whité@ée22p078Bad additionad/OLeédiadzt wopuwute?PsTbas3. b
in 1982 and the second i n -4.987m2an bion h Mi nol t
1990 was a Sigma product.) We have to wait t
designewsthama doom | ens after they had acqua
technicalities and optical properties. The v
were supplied by Schneider (21mm) and Leitz

wide angle | ¢énves cwinthoperdspeédtcz did not desi
l enses, and at first used Angenieux designs
adoption of l enses from third party supplier
seventies and earl ya edagsitgres, w( ftihs hseeyvee rlad n sMi
l enses, mirror | ens and zoom |l enses) and a Ze

2.3.7 ELC and ELW
1949 Max Berek died and Dr. Zi mmer mann too

I n

optical design depart memderwatsh ee sdiarbd a tsihcerd a fn
Wal t er Mandl er . The fifties presented severa
The introduction of faster means of comput at
computer) allowed the expl ordateipemedf thetter
t heoretical understanding of aberration theor
into commercially Yyplkelke weéeei qarvai il abhewagdtdas
engineering tolerances t hat wer e required o
assembl y. And | ast but not | east, the demand:
i magery intensi fied t he exploration into th
arguments for the establishment of the Midl an
prospectpe iamdEurh@® prominence of the American
choice of Mi dl and as a town has been a deci s
private relations with the town. Mi dl and was
facility and manfyyateasgsshave tkétfithst days
manufactured was the Summari:t in early 1952
about 1955 some fundament al -reelmacrhg ensy d csc urhree d
gradual shift of ¢omalaacehef Camnmdran!| tast degi
l enses fkgstémeamd a fair propeystiem of t he
originated from ELC (Ernst Leitz Canada). Mr .
Wet zl ar factory when Max Btea eMi dhleamardde,d Cdarea dee
in the mid fifties to organize and manage the
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d Midland used electronic calculators an
aborate computations. At firstast e speec
nvenient replacement of the older | ogari-
ter al gorithms wer e programmed t o compl
emsel ves and in a third stage additiona
timizea cadlbyomnmaotrrect) optical designs. I
erration theory and its corrections origi
croscopes and its | enses. The specific
otography wéodyaodflieknowl edge and experie
ogr ams. I'n the mid sevieanded| yprodsi gin e dva
mputer programs that are stil!]l used by Sc
rmat . The COMO phegrcampuset hprbgaamsofnt
| ms. Correction, Optimizati on, Mi ni mi zat i
the name.
gure 36: 2.3.7: Mar x pictures on CD! !
search into exotic designs continued in
ototypes, it seems as if the Wetzl ar pe
sear ch. I n Wet zl ar we find | enses with
signed gl ass composites. The prototype
gmented fghassxamplae of this drive to t
nufacturing technology.
gure 37: 2.3.7.A Il ens picture
gure 38: 2.3.7.B drawing
anwhile in Canada, the designers adopted
age and soo0 wkasi o tleemnsaehd ef ast er than t he
C designed |l enses were also optimized for
e Wetzlar designs. I n a period that Leit:
evailing mar keti mpormrdeaan,t tcloinsi das atni on. R
70 Hshestaem was far beyosylstietns fzaecreidt hs tan
mpetition. The M5 and CL bodies needed n
nses and more compact ohek) tandti ghequal't
xed focal |l engths and thus neglecting t he
the design teams at both sides of t he
wever forced Heeintsze st o ni ntchleu dcea tdael coagduee a n
riier with the Schneider coepesreastiton, ildi
e gaps

2.3.8 Glass research.
e glass | ab existed from 1948 to 1990. T
ories The glass | abt édgquiigped etroy ha meines
rge blocks of glass in any quantity. The
to the composition of new glass types, w
tical designers to heéw Itdmrsnewi thhitdher @loe
portant one and many of t he gl ass type
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manufacturers | ike Schott or Corning have bee
One may say that without thehgVvVaeasBed¢mbablhe Le
to acquire the tools and the knowledge to in
building is stildl to be seen on the old Leit
tucked away bet we esnt otrheey ibmupiolsd ionfigg snbad nt theans an
10x20 meters and these dimensions indicate it
pot s, that could handle 5 to 10 kilograms of
optical designer is that he needsn speci al gl
smal | guantities. The direction of research
refractive glass with very good colour transm
only when one started taoctusvee)l arhtohra nuumm ooxx iddee
characteristics could be combined. The use of
invention of Kodak in 1938 and | ater widely wu
Figure 39: 2.3.8 A glass map of Schott two ve
Figure 40: 2.3.8.B Leitz additions

Theasgsl ab did introduce many new formulati on
more easily machined. Often glass with exoti
the manufacturing process, due to specific pr
di saql oeut c. As t he l ab had no producti on ca
arrangement with a glass manufacturer, l i ke S
then produce the glass under several types of
gl ass | abptscabrdetael opment that it helped to
for t he mi croscopy depart ment wher e one nee
specifications and tolerances than is needed
been melted t pareofsersk poditulveddinl ux gl ass (90
has been produced for some time in the gl ass
the specifications. Later the glass has been
from regul ar sources.

2.3.9 Design and manufacture of Leica
lenses

The design department needed about two years
new design. Often the designers had to addre
continuously at the project. Samet itmes optic
tackl e And sometimes one had to make a frest
testing and adjusting the production cycle to
required to stabilize the produttead.on to the m

Figure 41: 2.3.9. A Centering of I enses.

The manufacture of the | enses was separated,
the design department. The optical designers
opti mum i mage quaodtdugt iaommd eéreditnedr & ot @ hfei pd a
the necessary tolerances for machining and a
parts to the required specification. It i's cl
bet ween both depart mgrmtts .spElte fyptai ceelr t@e oip Igd
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uired optical pr r
e glass would di o]
c assee,ararh eal tfeorrn a
and would give p
i c@d u sbDso ud n, the optical de
ance of t cement ddmdanhbl ¢t e(
et s as 0.02mm. Such a matching scher
actured with tolerances on both sides
error prone. The mechanical aofepart ment
rances.
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2.3.9.B Checking mount s

nesses of | ens elements and spacing al
n a production process need to be te
a of 0. 1mm iscadecqgpti aldliengf wrf Il &@mg €
erance of 0.01mm in even a small g
00. The optical designer h
al seom ttoh adr ecaatne baen noapnt uifca
e division of | abour asked
e ens i s computed on
h des t her egra sngde migl eodf,
S t h | aboratories (to
of manufactur e) and in practic
y i uiredpect edhécompiabled
r lenses) the defects
parameters. Or the | e
.01l Tuh B mnesa p kna yt dha tsl mat hen
g parameters. Sometimes an of
n mi ght not deliver the requir
0 make educatedthbeebasbssantl mhe
n
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derstand the magnitude
ners are-micegoglinng eyt
es (much Il ess than 1
der tolerances of 1/
r of 10 to 20 in re
ng in the optical an

t o

t h

of this task yc
Bviheeauwdbs tol eran:
/1000 of a mm). T
100 of a mm as qu
g uieri e&mme netnsg,i nEereg sse |
d mechanical depat
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s today. As Leitz k very great <car
was indeed within stpteicnigf i leadd tiotl ®r
ral’ i mits. Lens assembly at Leitz waea
|l ified and experienced workforce can |
orkforce has to be retAadesdghbher pcadu
y create an exciting design that is i
n
e
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ts are polished on a single block an
run, the cheaper i tmewitlsl sbheo.ulBdutb et hae
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|l at as possible. That | imits the designer’s

r aluminium component hasg obemanadevnat mpn f
owever careful the production @mecess. A cl
ol erance and make sure that i mage quality do
evel, as some manufacturing deviations are t
esign itself. But many componende will have
andwi dt h. Throwing away i s no opti on, so
ompensation is required. This matching and c
he design should allow for this technique.

ssemble | eneasebemehas could be individually

o] specifications. Leica | enses
0 e characteristics are the re
e re dmeded xeomiplqgiufayl ity Leitz di
h ca |

e
u

the required
mponent s. Thes
thods used t hen
ere is a persistent view that the
ries, with a “cost i's inconseque
icide ofhemaraegr 8iun ofs ttruth is
cd etaranswer i s not easy. Brass a
mpressive appearance and feeling. Pa
ssembl ed f ortnh ad u bhaosusseendb Isioense, o f t he | s g
be able to adjust the |l ens el ements and
ecified by the optical depart ment . Manu f
t hose days, ycofuil de ntoal ehroa ndc etsh en eveedre d . T
i ndividual l ens el ement s. The assembly w
ol erance groups, finely graded in plus
e stbde mamerient deemant s
o] e matchi g process, costs wil
t h high gual ity materi al s a
st ofi otnheprloecresssgoverned the p

t i
bl pair t et cA 3|
t hel p t n
|l enses w
c

manufacturing
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2.3.10Summary for the second period: 1957
to 1988.

| evel of performance of the | enses for th
years to an enviable | evel and it i's qui
vement i nuiimadge mgual amyl mege study i n
t ment . It is one task to design a new or
tions as calcul ated. It i's quite anoth

tion, given ¢ handnuich tsghtehitdl ¢eaahkce
I i mprovements clearly visible for the

same story as with an athlete. To cut
s takes a short training period.

[

w —ToT Yo T -
®w»WT TOO®3 5
O DT T D®D

(@]

Togo from théeornertertimé dQOQumsekconds takes year
So it is with a |lens. To control the classi cz:
once you have understood the principles. To
aberirojms is much more complicated. When we t al
hi story we note a slightly-sgbtfeer emer patwieer n
see four trends: the change to retro focus de
t he isfiincpdt i on of optical systems for many | et
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with some i mprovement s, a mar kedly higher g
speci al effort in the 50mm group of | enses
class of tihtesy®wem WwWer see some similar and
Again we see a simplification of designs wi
performance. Then we note the adoption of

propri eltiamey tleengr cawimpr ehensi ve system of I
strategy t o enhance performance of t he I
apochromatic correction. The-l eompketmaystra
seem strange at firstsedulty ctame beo rexenr tari anteic
core strength of the company: fixed focal

team of people that studied the theory and
i f Leitz were reluctanventta o@ax polforteh en eGw rwoe
another exampl e of a Leitz innovation, t ha
M5/ CL pair failed in the marketplace and t
spirit of the Leitz companyStaltLeréd. tWiteh
redefine the <classic rangeafmemrderwidacnmepleis
parameters and in both cases had to admit

the market. Designs | ike-Ttehy tHMHEBOImMmx 1: 1/ E
were true to the optical mi ssion of the <co
speed |l enses for M and R too (a 1.2/50 desi
design of the best possible image quality

corrections continued. Quietly however, a
correction gave rise to designs-Rof |l ess s
1:2.8/90mm (198BGE loanaxt i1lt:h2e. 8AA®O0Omm (1987) w
much humbieatispes] but they were signposts
Ap-MacElom®&r ilt: 2. 8/ 100mm is the | ast | ens thai
l eft the Wetzlar design department. 't bec
l enses weAt mebhbuapdrture it delivers out st
whol e image field with very high overall

details are recorded with al most 100% coni
delineated entB5% ocanmted gstsetransfer. Thi s
suppl emented by a very c¢crisp recording of
rendered with very good <clarity The | ast I
Summi-dr dn2/ 50 mm uwibtehr Sedr5ilPI20n at t he end of
owners separated the camera manufacture an
Wet zI| ar mi croscope and instruments divisio
factory in an existing kawioludi n7g katl otmed r@st
Wet zIl ar

2.4 2.4 Part 4: the new generation from 1990

From 1980 to 1990,s ywot emmwhdwer sleeserf opr ddec évd
cl osel yl eanns eesh,e we note that t he | ast | ense
systembeheanvet he Noctil ux 1:1/50mvh from 19
1:2.8/21mm from 1980. The 2/50mm, the 2.8/ ¢
and the 1.4/ 75 were allsyddwan. opTehde i Shu mpma 1l a
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1.4/ 75mm is the | ast rldesnsoft hEBtC.|l eEltC thec admea
manufacturing di vision a-pdotaogdeapihgre demasretsm
During this decade the isysoewmciwieomrs quf teewel
t oo. The 1.4/35mm (1984), the 2.8/ 280mm, t h
2 8/ 19mm were designed during this decade. T h ¢
back to Leit zI|l ar , but the much reduced r
state of the p ographic department discour a
and ntiggaules of manufactur e. I n hindsight one h
about the decision to split the optical desi i
of ficial argument by Leitz for this division
and t hiel iptossofb a nucl ear clash between the s
preserve the optical expertise of the factor
design depart ment. A more practical argument
mi | i t armenbbptbiyc att heeqAmer i can ar my . The C
t ment developed, only partially influenc
n philosophy, and used different tool s
I

e

et
ot

o —
D O
-

Q =

nses were desugaedur ed Mimd!| &ed zlaad, ma
some tension into the production cycl
e design and production departments
a onsibilitiesng The demi nantlIpdsitt
g Leica |l enses a specific flavour
t e fundament al research into opti
I foundati onse fporractthiec anle xdto ngi ennaenr cag
he ELC designs, frustrated the Wetzl ar €
n

n

c

ST O NT T QS »wWTo
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g the ELW designs were often better tfF
d proposals were selected eas the prod
e more quickly r efficiently. And th
d the W
ptical
osed. T
ab had

0]
The theoretical studies in
in itself and the famous o
ver and it was finally cl
2) that the role of the |
on
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2.4.1 New visions
Lot har Kol sch became t heemtewatHeladi od, tHhel Mp.t i

first l ens to be produced by the new team, 0
SummiM Ux 1. 4/ 35mm aspherical. The patent i s f
identified as Walter Watz, lbndesifgmsevAsabnuni
i mportant asi de | would Ii ke to draw attenti c
who worked in Wetzlar and who now work in Sc
tirel ess research into t he foundati ons of

tnaforming that knowl edge into an optical Sy
that wil/l satisfy the demands of exceedingly

acknowl edged.
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Figure 44: 2.4.1. A Summilux aspherical

Thi s first Summiclaux Iweintsh stuwof aaepheirsi evi d
descendent of the original Noctilux 1:1.2/°¢F
of the 1.4/35mm | ens, it became <c¢cl ear t hat
bring the desired | mprdv eamefnotcsal A emigghh sope
more difficuldt to correct than a 50mm | ens
zonal aberrations. One can identify these
performance of t he ori egiymsalb eml .n&/w3 5dnens i lgean s
performs very well already at the wider ap
aperture and a clear, crisp definition of f
of the aspherical design isumbaceaeo, muwth tth
radi cal departure from t hGaucslsa spsriicnacli paned tT
system comprises nine |l ens el ements in five
el ement and the | ast surfaceTlhé dbei grmasits e
more symmetrical t oo, which helps reduce s
rays, passing through this system, i'S mor e
Gauss system, a characteristic, t hat i's n
natur e. It does signify a new aspect of | e
reflection on the fundamentals of a design
Solms is characterized by severathenter!l ock
search for the most simple solution for th
aperture, focal l ength and physical size. T
study the intrinsic behavior and possibild]i
guite sophisticated and indigenous computer
for an optimum solution, that can be manuf
New insights into the <character and potent
mar bet ng additional advantages for aberrat

e most i mportant characteristic in the ¢

ght cooperation bet ween the optical des

cond fhachelrpswhaxpl ain the performance an

ign is the principle of manufactur e, w h

c
uirements of the selected glass and
rwardt whehecpmepareds met hod of man u
rrespective of the specifics of | ens

Figure 45: 2.4.1.B grinding the aspherical

The two aspheric surfaces were grinded and

glsassur face. This method was an i mprovemen:
aspherics, but stil |l quite | abourious, wi t
recomputed in 1994Mmol e@mmigoyedchai gew, piassom
Hoya gilcasshas ebeen heavily involved in the

technique.
Figure 46: 2.4.1.C 2/180
From 1993 to 1996 the designers gave al/l a

| enses -sfyosrt etthe AR new seri e®esofwiltihgk xsmpeed omn
apochromatic correction and hTeglRy t speed w
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4/ 280mm is probably theshadl ecoMhect echel ers
deed diffractSiuoomi-Rirbom2éd80MmMme (ApO84) and t he
ma&r ilt: 2. 8/ 180mm (1998) offer performance t ha
the predecessors and do indicate the maste
so embody new techniqgques, l' i ke internal f oc
rtréderatwbon corfectioboonsandNeawcmounting techn
very smooth, fast and accurate focusing ope

© r®omTF
c——=+—5

T

igure 47: 2.4.1.D 2.8/180 apo

he field of zoom | enses, Leica has made
ndemicred omartty suppliers. And one might ad
ari abl eness, i nAp-&dimdg ilt: e 880/ nvnd,s t one, t h
and often surpass the image quality of
succesygi o telxe aBdoedd awidt {2a8 @4nn2// 8100 5

n. It does show that as soon as the de
a design, it i s relatively weasy t
fvespenrcriin 2t/h3e5 nBu mMn8PH, which i s a \
S5mMMmMASPH. 8ThemmBl MAGPHtand 1: 2.8/ 24
y <characteristics and wespecially
ry and is a |l andmark design.
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e 48: 2-:1801. E Vario 70
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re 49: 2-28001. F vario 80

first combinati on of apochromati c corre
ction technique and the use of aspherical
oses (see chapSammilMe@nvwe nim PAdS PiHh tThhe sAp o
is arguably one of the very best |l ense
nt of writing. Al ready at full aperture i
asses the perfoMmhBAnZz/k50mm taéemeSu2nmilcm on he
ue we caneippyptdc 8. ¢t hée3Apn, a compact and |
photo | ens, t hat approaches the old dreal
ping down. At aplerltydur as forndmg Is:15 .gtht | tyh éb eA
iTodtllseAd r 1 : 4/ 135mm (thanks to the apochr oma
gs a small but visible improvement, eve
oses these differences are not that i mpor
a | enseisatiesd baetstt haep pwiedcer apertures. To ¢
facturing tolerances, the production tech
match. The I ens that in my view exemplifies t
r
e
i
s

CTOTWVWT—0wg T 0w T

=~ = ODODCOMDC DT
5T 00 T® T3S TO
COTS<TODQTO®WT O

tise andolmrgoyduicst iBdmdArdes 6 Mbi Il ts

gual ity i sMblednsas tdhfanc anopar albeliec af i x e d
ts mechanical | ayout is the true measur e
ed on all L eei acral i M shto doineess,, elviekne tthhee M3.
selects the different focal |l engt hs has
cam curvatures. The solution is mechanice
enience in a r ahgfeifemdebs anoaedsed e nacned sTdh e
ver have designed an even better sol uti
okina 2000 and sports improved ergonomics
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Figure 50:-ERmdr 1. G Tr i

Many observers wbultthesetleéeca whel dwo Noct il
defining icons of the optical excellence i
di ffer. The Noctil ux |l enses ar e optically
mechani cal engineerieng-Edlaimar ,opEl madi texdemmi
Ap8ummi cron 90 and Tel yt 135mm point to an
more versatile and effecti vsey sitne me viesr yndoaty suo
0 sket chdesTihgen-ecdunrsreetnis @ ElSeod omsg pr oduct
y y at the | imit. Now Leica wil
ptical guality and | do not q
esign fixed hoeathaenghbscwrtt
not easy and the efforts and ¢
vol ume. The demands for designs of wvariabl e
ergonomically convenient t oc alls ed ii me msainadmse |
and comparabl e, if not i mproved performanc
requirements are very diffi-cult to coc¢
s is composed of three gea ofuipsd ndewt he
s, designed by Leica i tself a sor
acturers. I n the second g i
t devel opment s, Il i ke the
t amialinyg @fl fetnesleesp hiont ot he 1
i or performance. A numbe
s to show their age, ik
ario gromiper ,oft hlfems as ef rmo
and the PC 28mm. The thir
to 800mm, which is specif
This systeer haseadas dmdr &
target group of wusers is

2.4.2 Current status of optical design and
lens manufacture.

The i mprovements in image quality in curre
with an experiemnced seyeghtomef eadcahe i de.
|l enses are as good as, or even better than
3di mensi onal representation, plasticity anc
being instrument@gidi ftoroft h@l dieari qluei da nigems e s
have [ peared. Some observers have trie
desi ory, the German and the Japanes
emph n i mage contrgsftorana d¢imeo tfhoerrmeir n
gual n all fairness, these two school
r Xtaposition. of course designers
g
|
y

o< —

of aberratiopaceseedesogsaer $
I erent route to design a | ens.
of tools and uses the same a

r
f
e
a |l enses i mprovemefngrs fornomhe ol
r
h

= Dy O~ 0D T OHQ
""(DZSQ)E:B""UJJQ_
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o
—

n optical design is a creatiyv
knowl edge of optical theory
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t hat optical systems for photographic purpos:
(There are exceenpsteisonsandSomenyR mi croscope and
are indeed diffracted | imited (which amounts
Mo s t photographic |l enses wil/| exhibit, after
resi ceualatalbns. These residuals have to be ca
The optimization techniques wil/l hel p of cou
i mprove on a design that is not promising fro
a desigabsoktht ¢ hemi ni mum of | ens el ements. Hav
study the aberration content and the contriltk
aberrations more carefully and more effective
powerful and tcaof make dtelse glme by a kind of bru
using more and more |l ens elements to counter
made to perform quite satisfactorily. It wi |

design of the Leciecrat aliennlsye swianld niott npoesrtf or m on

2.422412.1 Progress in design methodol c

art of designing optical systems i s a mos
stil |l uses met hods, conceptes and ter min
ous century. The employment of high spee
ware has freed the designer from the dr
ugh | abourious computations to trace the

eantataipcpr oxi mati ons was the only way to de:
ptical design then is a fineolekample of a
e honored) science and a we@reyedpotent mo
ut er )s. olffheGauesnsi,u CIl ar k, Rudol ph, Lee, Ber
owl edged with great admiration, as they

ods with a most profound insight into th
computer, aesr ywes oaplhli skn cva,t eids devvy ce f or n
phenomenal computational speed. 't took
five years of dedicated attention to tr
a good gr astpheonoptthe adberyrsateiman sNoiwma d a
al computer can trace 600.000 skew ray
of skew rays would take a big part of

of the computendaevalnsatwodul Wy bter adceisn g
nometrical) geometri cal rays from | ens
ation face took a few minutes.
h al
y
t
h

33'03030""<QJ

O+ X g

Q —O0O 35 ~+

e
0 ur
sur es, andedombhatthgai A0aond &
n t the i mage points you calc
. he points calcul ated with
ay i he sameopltacel (axescopwhanamw
on flat piece of paper, as we all do, t
tdwome nsi on all pl ane. But we al so have skew reé
rom an oblique axmémsi dNmal wreay eterdadihmge,e whi c
mpossible to do by hand or even pocket cal ci
not traced at all, or all/l kinds of '"tricks 0
rays. Many of the oamaubbesomeataibemr asi exsa mpt
o

[
0
caused by these skew rays. S in the not so d
I t
n

a
i h

e
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could not a he information they needed to
i mperfect Kk wl edge, Ityhec odrersd cgtnesd ceaosu | vda sn ott h ebce
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feasible. I f we |l ook at the older designs v
may be a bit disappointing. The designers ¢
their approximationiwvtintgt agy wietth uad miarldblie
select basic designs that work and serve t|
first to i mpl ement a computer in order to
introduced in 1953 amditleeltpesd otbHda gdies ipgemecri ¢
Before the introduction of t hlehecoormputteer Le
circumvent part of the complex computation
experience proved to be d&fe gpredterveaeldue coaft
rayracing. It is fascinating to know how t
romantic idea of one designer working for 'y
reality, the chief designeomem,pewhlvda sear rai gd
out a good part of the calculations. The ¢
parti al results of every ray tracing equat.
decided to proceed or adjusitnvharsi abé yi gan .
compr omi se, composed of both known and unk
l ens design methodology interacted with th
both allowed I enses to be designed with a
t wow nereas to give close attention to. The
i n fact it mi ght be designated as t he t
manufacturing processes (grinding, pol i shi |
procedumpas aamoendf i mportance for the i mage
tolerancing to ensure that the i mage qualit
of the design process. Here the art of opf
manufactsessi mpdptdheel i mits of tolerancing |
and expect (if not demand) from current Le
may only be serviced in the factory itself.
i s quite ndetmaindi cgse |l we see <clearly the v
manufacturing processes in boosting or sup|
possi bl e.
2.422422.2 Progress in manufacturing
techniques.
I have remarkeddoevmemadt edi mestae | ens repol
are designed for hi gher contrast at mu ¢ h
design that is can record higher frequenci
tol erances. Cont rvaesrty osfe nvseirtyi vie nteo dfeacau s ans
Figure 51: 2.4.2.2.X precision grinding
Decentring i s very bad for t he ul ti mat e
manufacturing tolerances were not so tight,
thei subwssembl i es At the final mounting s
adjusted a bit to compensate for decentrini
two related qualities: accuracy and qual.
charact etrhestswrsf:acdes uni form in its radius v
of the surface: is the polish incomplete (r
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Figure 52: 2.4.2.2.A Interference patterns <ch
Figure 53: 2.4.2.2.B Checks for centring etc

| f t hcee squrafla ty i s not i mmacul ate the foll owi
with its thinness of several mi crons wi l |l al
course: we are dealing with wavelength di mens
Some reguiartemneenitca demand t hat a polished | e
hour s after t he polishing as t he surface C
i mmedi at el y. A Leica |l ens is now designed by
engineers who work.tdbpet peroduUcomobhhengtaeer
wor d: if the tolerances are unrealistic, the
st the departments were more divided. Then

he deemed necesstsaarey odac caobrerirngt itoon ictosr r ect i
mo s t l'iterally woul d hand over t he desigr
part ment . Sensitive glasses with strong rad
mount without str ewrst ggalhvea dadceh alse.siAmd rsso mdt

designed | ens could not be built within r
y | ower image quality or a producti on
ng of this sectyidmaki mgntiisorsaed | it hdathep|
designers to study and correct aberre
al rays but at the total energy that

When we tatked af pomtuhe adbj eatergiyt er
instance (1/250 sec as example) and t}
I system in one fl ash. Leica designers
t to |l ens el empeanth. oAbrauptayc hahmge socicrurt h
hly different refractive indices or gr ¢
d. One might see a Zen approach here.
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gure 54: 2. 4. . 2. C complex mount
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moder n Leica | ensesanlde Liemgmro viesd ?c oYhesst atlh

rching for economical means to produce i mp
expand research into exciting new designs.
i evement are set highebLeerevaryhensese, abkoot se
guality | evel a few notches higher.
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422432.3 procedures for testing a | er

a |l ens is designed, it is obvious that vy
assdnd eax amecreo. After o hel lidwalodesalgmi cgwoi
rs and tolerances. It i s also obvious tha
I, any manufactured | ens wil/ be bel ow t
or mance. So the assumptairan odf tfthabrdiecsa tgino
ess. A small |l ist of fabrication errors \
X
I

=)

and dispersion errors, thickness errors
cement error s, surfiacse ¢idor xroocusr (ame
o accounted for i n the design and man:!
mplies that errors occur at both side
fied, then in reatlairtgyett.h eSovmael uoefs twhielsl

- DO T QTOTT T oo
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a
t
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errors cancel out , and someti mes you have
someti mes below this nor m. You may however
the target is normally distridmudehlle!l aovwt h t
he target. Leica specifies the target | ine
bit below the nor m, but well within the tol

Figure 55: 2.4.2.3.A Testing MTF

There is however a second metihsodt hteo uhsan dolfe
compensators in the | em®demné ooulgd odesiodn
as a mechanical compensator and wuse the po
one can shift the whole | enswBi dhtg¢amhi ch
i mprove the optical performance significan
these methods of testing a |l ens and adjust
the assembly depart ment i s testpepatt &om | en:
and are relatively easy to assembl e, t he p
pattern (of Leica design) is projected thr
di stance t o check for errors. | f t he rerfg
specifications the |l ens is passed. Some ty
adjusted with an MTF device. Here the me t
empl oyed. The optical cel | (that part of ¢t
effefcacale | ength and the mount of the | en
di stance. The |l ens is adjusted for best f o
help of wvery thin shims (0.01mm) that can
and the MThestwmoget. value is the contrast v
done for 8 circular positions on the | ens i
opti mal focus, a new series of contrast m
decentringomasd ®hhser pepocedure ensures tha
specifications, stipulated at the design st
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3 Chapter 3:

Part 1: A gentle introduction to optical design and
aberrations.

3.1 Optics and optical designers: ray bending.

The basic piepeéewntyoofveaglkehs ght r-ays to a con
gl ass will converge the energy from the sun t
“focus” is Latin and means “hearth?”, a nice
hole in a pieteawvé paperbloedNe @enr atnhgee fsiunnd ewi t h
l ens uncapped: the sun could Bwrndiaghol e in
property of a curved piece of glass has been
was for ages tt hteo obnd yusiendstfraurmemhangi ng t he pa
Many substances, |l i ke i ce, di amond s, guart z,
of ray bending or diverting the path of the I
amount of defsdtest hameagdveri ehtia name: i ndex
Already in 1621, the Dutch scientist Snel/l di
how | ight is bent when it passes from one sub
of refractiorm. mphe loaw:i nlasvaearyy = n2.sine2 I
words that the angle (sinel) with which a ra
certain index of refraction (nl) is changed i
rel ated to tmeoifndédx cfecoeafdr aautbisea ance (n2). /
there is to know about optics. Look at figur
rays when they pass throughasas kBauhgarSyummher
path of the rayigisndli veourege.f rQun tidg smiorracul ol
rays from the same object point do focus at
order to answer that question | have to intro
understand the bayvilktenosfi ®9paipaecedesiggl agds w
pl ane surface Most often the curvature is po
the Summicron is an example. We also have pl a
currentM BIl.mdar2i8tmm courr vii mwarsdulryf aced | i ke the S
1:1.4/35mm ASPH. Most | enses are circular too
the negative for mat is a rectangl e. Il n fact
mat ching the negativevfeontmatp,ry odwtcei t Cvowlud alb €
with spherical or flat surfaces are the most
curvature of the surface of a Il ens is part of
of a sphere’ and forrfaclesns wwi thhavtewo wop hceernit.
curvature. The | ine connecting these two poin
mi dpoint of the |l ens itself when viewed from
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gure 56: 3.1.A: ray path

Summi cron | ens, WwWecwaill l engehasfexamsmpl e
in reality is 52mm. The focal l ength i ¢
s to a point on the optical axis where
tant object point.ydn wihlel dn csttiamec et rd nign
) This |l ocation is theoretically at an
hot ographic purposes. There i s some cC(
ation. The @pt iwheln ddfli ntihtei ornayiss fsriommp
are parallel to each other (*“coll i mat
e called optical infinity. I't i s more
t he same hingh ei ©fi n nfcadte ntcree svame. (bu

sgoc —T—+—~a—oc+H T
-0 c=
< QTS WS o

- ® O S5 O

=y

phic practice, we can use this t
cal infinity and for wide angl es
t
or

<
—~+ D T

- ~+

~ =

(@2 e IR I il

ativeculAadl ensmagpge opect Beaobject o
f mat , as it was originally ref
with these dimensions has a di ame
symmet riisc ad u satroonuanrdy tthoe daixsicsuy s si tor
edge, which in this case has a d
performance of a |l ens differs f
way tosdefiae obj orcapei hheopost

D > S

®Ownw S>3 MmOT O
@_.

W=+~ —="05DO

Scoun®o o OQ

T —0® =~ 40—
o

nw o9 o
35 =00
® D~
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Figure 3.1.B image height on CD2

The image height tells wus how far from the
negative for mat. Leica uses increments of .
3, 6, ,9,1823ndl521. 6mm distances from the &
i mportant areas. The 12mm position as exar
24mm (horizontal) line and the 18mm positic
at the vergatiavel amea (itmet me@ horizont al dir
l ens. With these i mage heights we can def.i
with a specific |lamgshpofithenradies he
Al | ot her doXci ast i oorn sf iaerled posi ti ons. Z

c i deé |

(3 The or
often called the marginal zone, the 9 to 1°
mo st i mport a zone, as it covers the por
i mportant p i renaktl gméocatade Surface hei
di ameter f negative area has a fixed
position, as we did when di
evley s malnloagr ftilkerd tamel dnoasmet e
front l ens of the Summicron

of 10mm.

o ©

0]
0]

Figure 58: 3.1.C surface height

-M i k/e5 &t hced uNtoicigRi AZiod 8 0 lbhave a r ad
t hat of the 1 mage. (25mm and 4
ace of a | ens where a certain r
sitions, measured from the opti
from the centre (op optical axis). I f we wa
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surface of the | ens, we use the notion of S u
radius. A ray |l ocated at surface height 0.5 w
and the edge.

3.2 The origin of aberrations.
The rays from a distant object point strike

optical axis and all rays should converge to
of the object paints anhde agte oameltad actailone qtuhhav al er
of the object point. The | aw of refraction te
angle at the | ens surface wil!/l be defl ected.
strange thingwhalclhed nt idhenacramal ,0of a |l ens is t
the centre of the curvature and the surface h
Figure 3.1.C shows that parall el rays strik
heights wil/l have different angles of inciden
of defl ection

One has to realize that we are used to seeing
through the | ens. I n reality rays of | ight ar
the mind of the designer. L ipghhott oinss . a Ther m o
object poi nt t hat emits or reflects | ight i
directions, l' i ke an inflating balloon. The s
barrage of photons from axis (centre) to rir
tajectory path of every photon stream, we ge:
energy of one single object point fills the w
would be hopeless as there are millions of r
olrjct point. Happily we can simplify a bit. Th
and the curvature is the same at every | ocati
at an i mage height of 0.9, t hat riasvw at the out
one ray. | f we rotate the | ens, the i mage h
curvature and most importantly the angle of i
that enter the |l ens at that specific surface
entering the surface of the | ens at that | oca
as all angles of i ncidence are the same. We
only, that is rays that enter tke I é&ns at dif
we draw a |l ens on a piece of paper, we say t
section for which we wild/l draw and <calcul at
through) the optical axis and this plane is ¢

Figure258: afigl es (Figure to show different
hei ght s)

|l f we draw a second ray at a surface height ¢
of incidence has changed and so wil/ t he amo
wi || stcakeakxhe aptia different | ocation and n
troubl e indeed. We have defined the image pl :
wi || project its i mage of the object points.
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wher e t hee troaytshecloopst i c al axis converge. Al
axis before this plane wil!/ i ntersect t he
i nt . I nstead of a very small point of [ i
wictolh ea i mitegmesrn ty and surrounded by ri.

«
> > 35
—_ —_

ng intensity. Thi s representation of
unded by flare is the basic aberration
ation or Offnungsfehler.

® -~ w»
- =
-~ O

«Q
c
=

e 36@2. B spot diagram

a |l ens was known to every
n building telescopes and

bout i1it. Asad ointg @aantlhe wintg
y the rays close to the ax
n Daguerre in 1839 inventec
with a much widderbyangl e

a solution to the demand
et meniscus |l ens and an a
nce. He may berttthree first

el ement . Berek did the sa
Daguerre t rst used a |l ens of the W
obl em. I n those days, the photographer wi
arft her away from the film plane and obser
und gl ass screen. The best focus as esta
best focus negpedplfares heTlbhagemuol ®i on

ablol et region of the spectrum, but the
eyeenl | ow regi on. T h i-ksn opwhne ndbimsemeorns iiosn :t hteh ew e
ndex changes with the wavelength. We have
exampl eacotf tthheet fwhi te | ight is decomposed

spectrum from ultraviolet and blue to red
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rays, that are refracted (deflected) depenc
to accept at ldatf freayesntwiwtalvel engt h, but at th
defl ected at different angl es, due to diffe
|l ess than the blue rays. And if the i mage
bet ween tlkeed kxoteemepd, rthe white point now
gr eyeen I ow smal | core and a magenta soft rin
point becomes more and more an eni gma. Th
(wavel engths) itna sdiifsf ear eerhtarfaccdaelr ipsda i ¢ of t |
do defl ect colours more than others do. Th
indicated by the i ndex of refraction and
wavelength (&) of cerghtn wkasanwidtebcai bBer E
Visible |Iight has a spectral range from 40«
in fact there are an infinite number of wa
use a selection otfhewalvaend cwigdthls dfo ri enfdri a&attie
table in Chapter 1. 2, apochromats A certai.l
have a refractive i ndex for t he 435 wave

wavelength an index of li d6d2890on Hblwe cbpsic:
can be seen from the picture which shows a
Optical designers are indeed working with
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space where a millimetre iIsthevaswaudelsemqicles
with another Schott gl ass, l'i ke SF2: 1.67249
index with wavelength is called dispersion an
each type of gl ass. The amopaimt Abbhe chamge a& an
formula to indicate the mMdygmbedrmdies otf hd hi ess wlhta
A number hi gher than 50 (or 55) i ndicates a
number is this range is calledihdioatgbass. £
hi gh di spersion and this glass is called crow
this classification The correction of <chr oma
of suitable selection of glphasswiyhesdi sWeesi va
characteristics that compl ement each other, W
correction Such | enses -ahlrreo matt b duart hr omat i c
doublets and the first one wasambdel ass 1GR9
l enses and we can find them g4 etcelsesamnapes, m
several ot her types ofelemteine &l hionwetvrewu mednot sn o
correct all of the chromatic esrosscaThede i s
the secondary spectrum.

Figure 61 3.2.C monochr ome

The designer can choose two wavelengths to fo
wavelengths (colours) wild.l be closer or farth
is smahlkef ocladnshi ft produced by the spherica
that case the rays from the outer zones focus
the optical axi s. Stopping down wil| exclude
i mage f or mat itohne anodcus pl ane wil |l shift. Her e
troubl esome aspects of optical designer s. Y oL
degree and another one pops up. Tel escopes a
empl oyed to | omwmkt hmed wéerjterca samcd osse d@nother dis
did not get much attention. It is clear that
i mage t hat is curved too. The cl assical box ¢
curved negati véetbdb. cBuntamythisatei mage pl ane
this curvature of field Let us return to Da
craftsmen to design for him a |l ens for his ¢
wide angle of fi dldd. aMad ommen, exogpveeaVvienrend au kno
tradition failed. Optical theory and mat hemat
even if the | aws of optics (refraction, dispe
first person who computaendy ae xlpeers memtppapem, ww
real gl as s, was Joseph Petzval, and his | ens
avail abl e. With Snell’”s | aw and the knowl edgc¢
can compute the angle ofheleféerstabnaotent aiay
height . Knowing this we also can | ocate the s
next surface and so on til]l the image plane.
needs a | ot of trigonometengs amuenbeer y ugmal Inhg
high accuracy of maybe 3 to 5 positions behin
compute to any required accuracy the exact I
traced through the | ens systreint.hnBut taanb | aevsf ul
is a must. And then we may i magine that an ex
and that shape in order to get a decent resul
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d compute the path of thermsaywntdhmwhygh e

path someti mes deviated from the e X
rstanding of the optical aberrations a
ature of field. The theoretical ‘cur vat
e call this construct still the Petzval

S<own—

3.3 The primary aberrations.
I n 1856, Ludwi g von Seidel made the first

and he was the first to establish a theory
Latirndswoab’ (from) and érrare’ (to stray),
Sei del formul ated his theory, based on an
i mage formati on, as aberrations are fundami
5 momonahtri ¢ aberrations and two chromatic o
the familiar spherical aberration, c oma, a
The chromatic ones are the Il ongitudinal ar
seven abdr rweotrikonnsogaet her i n an optical syst
They can be grouped in a different way to n
sharpness errors: SA, C and A, positioning
l ongi tudi mCaAl. aNed slhaotudrdalnot e here already t
an optical system is the sum of optical an
guite nasty The ideal (theoretical) i mage
axi s, as he ¢wiwvwatrerge omf tt he | ens is not a
the |l ens close to the axis wild/l have al mos
refraction wil/l be identical too and all r
one and oenslpyonodniengcoirmage point. These two p
the image point, that are intimately rel ate
where all rays close to the axi®xiabnverge
pl ane. @au stsh es ttuhdeiory of i mage formation f
assuming that there are no aberrations inv
surprisingly few optical errors. This may ¢
and certaisl yEtmaxfi EttmaoneSummar) had suc
the centre of the i mage.

3.3.1 Spherical aberration
We already have met the spherical aberrati
zones, all focus closer to et haexilse.n sFrtohna nt hde
figure we can infer that all rays from an ¢
with the tip pointed at the focus plane. DL
really sharp pointed tiplefofheagsesnwithbut ¢
di ameter, that passes the image pl ane.
Figure 62: 3.3.1. A and B caustics
We now that the ideal pl ane is the Gaussiar
to the optical axi s ar e sfhoaouysded fanrcd sperda d uAd
the familiar rims of Il i ght of di mi ni shing
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uld | ocate the image plane closer to the 1| e
arply focused, but now tdhe Axcampmramiss ewi | |
s to be made and here the designer has to
ops down the | ens, the outer rays are cut o
e ideal shape, but the fod¢wss thleard flras mdr e
tending the depth of field when stopping do
gure : colour slide la: spherical aberratio
i f the designer would select a | ocation f
sure that the outer wialyls Hd offo owi sddeed o@crnr epcetr
ght find that stopped down the result s uns
eded here. As a numeri cal exampl e: assume t
ussian plane has a dinaameéoemd oift 00f020mQ 8 mvint h
t al di mension for the spot would be 0. 1mm.
ifted away from the original, we have a cor
m is reduced to O0.04mm, trbe sBotalthow, behe
solution would be a slightly higher, in the
erall, the second | ocation woul d be optin
chanically the demands are veawehigh here.
ich is defined by the register between the
di fference of a few hundreds of a millimetr
ght reduce the theoretical i mageanperf or man
curacy of O0.01mm when machining and assembl
gher one in the assembly of |l enses The ma
all as to support the quality of the I ens d
3.3.2 Coma Spherical aberration
ma sadheaberration affects the object poi nt
ntre of the image). Object points farther a
ewed (asymmetrical) fashion. The bundle of
e r atyrsamsMdrse the | ens obliquely. This gen
ror coma. Coma is in fact the skew versior
|l 1l ed asymmetry error. The rays that strike
gel semde,i nlcdédause the bundle of rays is ske
e that the rays coming in from below are be
igure 63: 3.3.2.A coma(picture of coma)
te also that the rays afrgem kheleawthrnea ft oarene
om above, pr odiwdiarpge tolfe af @miilgihdar ceama al cor
t triangular tail. This aberration becomes
picture, coma i s not amrrley bwiisigblienawhean bruitg
a reduction of contrast in the outer areas
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Figure 64: 3.3.2.B coma spots figure to sho

Figure 65: colour slide 2 (grey slide): <con

3.3.3 Astigmatism

i s cone of Il i ghgy nmnheattr i stal il yes imhe odl ecess
erration. It is related to the field cur
tigmati sm. The Gr eek wsotridg masttiisgmmame amesa nnse
int . I f a |l ens haselnd, awe i ganlalt iisthm amdA@R& S
point) and this type of | ens was fitted t
[ ht wildl be intersected by the curvat
cular | ens frosn ftilel faiomadl, e.yoluf wyou mew
tical direction, it will become an el lip
ns in the vertical direction, the |
ati on tihnant hrea yhsoreinztoenrtianig (t he shorter
d measured the earth and put a grid
he | ines
not have ig
pendicul ar
alternatiwv
meri doouws |
ne. They do
mutually pe
a tangenwhak
t r
r

om pole to pole ‘“meridion:
cullar ogpe s cs, these ‘eq
meri di onal ' ines, ar e
Il ed tangenti al (but of
[ ent | ocation than
point of I ight,

r. Al object poir
l at but has the st
have a sagittal [
S, these s cide, but they di
g ralie on is diff o correct and pro
roduced new glass types.
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ure 66: colour slide 3a: astigmati sm

T
«

ure 67: 3.3.3.A astigmatism

3.3.4 Field curvature

curvature i s an eavijlextobsérnseds plte
rate it. Focus the slide in the mioc
or when you focus sharply at the e
focal ength as t e ufmec a@lh ag oiantl eins

gt h o 50mm. I f we have an a

Omm distance from the | ens.
e i mage, thi S§Ommi nBuwi kt he al
h l ens to the edge of th
m simple geometry wil/l S
ut an arc of aaadcitrheel e
has the shape of
rays from the |e
: i s bodfsfo od |l ustra
darkening of the edges of &
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hing the corners of the image. The sum of
he occurrence of three diffresent sshapes w
re blurring of the overall picture in th
ing these three may be made visible and
al | Photographically we omlgy osee one r
| s. I f only field curlvaitwuaa,e wowl sshdel pr ¢
e to focus on a subject in the centre
. I f you now focus on the outer zones,
mi ng sharper, with the <centre now becon
festation you wil/ not encounter easily,
be observabl e.
3.3.5 Distortion
of these aberrations arpnsebharpndssoatrasses
he i mage. But there are other aberrations
if the i mage points were absolutely sha
ortion. An optical sgisttieen sl way sAde@i mmsl
sed at 10 meters (32°10") reduces every
ct t hat the reduced i mage i s geometri ca
ction remains constant adreosfsi dteHe t gntire
rtunately this is not the case with most
in the image area. When the scale increas
e increases, the resul't iiss priendcuucsendi on di
rds he edges eosfhatpheed idmasgteo,r tweonget barr el
3.3.6 Chromatic aberrations

five aberrations are called monochr omat
e wavelength. Because | ieghstantei fffooracti on
Il i ght as that for red | ight, these <col
ance, i's bent more sharply than red I igh
ts. I f we place the i mage pltanewien the mi
see a green (or yellow) core with a pur |
e plane, the colour of theerfgd.ngkehiws | | ch
ing error is called |l ongipheiinaal chr omat
rati on, it causes the i mage to appear f1l
matic error the image pl ane il be in a
ersion of the glass willi mdge icrmuesaech cha
| engt h.-waBveec aluisgeh ts h(obrltue) i s refracted mor
erge at a closer focal poi nt The effect
I l engt h, which depictsangobhj éectdiaked ted
magni fication factor, and that i s why a
es a variation in magnification. This er.
it mostly affects the rneapgeodpacitntoni of fi
rated into its component <colours and repr
t with a Iight background is reproduced w
he upper rim and in red omrdt  wdhehower rim
l ens is stopped down, because margi nal ra
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errors Later al chromatic aberration is not
and it is very difficult to cagitedti naThe cl
increase from the centre of the i mage towar
Sol ms)

Figure ©68: col our slides 4a, 4 b, 4¢c 44a: ac
achromatic correction type b, 4c: apochr oma
3.4 Higher Aberrations.

I noted earlier that rays close to the opti
form an image in the Gaussian space As so
as with the Daguerre Iens, a fledttbeoup o
Seidel aberrations. Ther is a kind of | aw
angle of view and/or the greater the apert
aberrations. You wi ||l see, when gh di scuss
aperture | enses and wide angle | enses, or v
apertur e, as in the case of the Summilux 1
optical designer . There is a logical order
the index of refraction is at the bottom o
on the sine of the refracted angl e. The s
geometric serpi3ds3! -—stipap/s5@!'5%+p. Each term in
rated to a group of aberrations of a cert.
erdfore | mage, as it occurs in the centre o
the optical axis is <called the paraxial r
abreati ons of the first order or Gaussian e
term incorporates the number “3” and it 1is
third order (the five Seidel aberrations).
numb s, t he next term involves aberration
Schwarzschild aberrations), the seventh o1
names) , and so on. For many phoorodgerraphi c |
aberrationisn wedy friesalitmagery. Many VLeica
such a | evel of -samhdi ssteavbeanttrhanhj ondhanedd ft
corrected, or more accurate need to be bal a

3.5 The analytical approach in designing lenses.

Now t hat nmei fhiaevde tihdee aberrations or i mage ¢
optical system, I wi || give a short sketch
el imnate them. For alll rays close to the

relatively wocalmpllatanodnst hcean -db ene bhaisemal on

trigonometric concepts of sine and cosine.
tables , theses calculations are accurate.
field or aperter dectolmée ngblmogqee i mpystant an
geometry and three di mensional trigonometr
good accuracy. Such calculations however we
and if they were abilte ttwmok rtace mwc ho btlii mai.e
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were not calcul ated at al | or only a few or
theory of aberrations used approximations to

this met hod was i ts r ellr atciyv e Teiempd @ sciigryeranhd
incomplete knowledge of the exact state of t
empl oyed approximation formulae and in addit
experience, and knowl edge anldn ctrheoastei vdays t o f
the chief designer at Leitz would employ a wh
often women, because of their great accuracy
the calculations and pass t he. iAtt etrtmedermad e r e
of the session, the chief designer would eval
step The design of a |l ens could take years
reluctant to starntesadllt owes mmdtai shatnindf atchteotreyn.
for the performance of a | ens, was the finish
taken with this | ens. Leitz wused test equi pr
performance. While the designery hoafd tahevery cl
l ens, he was not sure of its real performance
then some unpleasant surprises might be disco
expected or the mechanical departement might s
to build the | ens, because of the too small

mounting. I n such cases a new design was devVe
had to be found Before the introduction of c
t he fusoeptoi cal design programs, the analytical
An experienced computer, (as these persons d
past) needed two to three months to calcul at
t hrough lan yoncloympmiiex optical system, | ike a tr
approxi mati ons were used and that very comp
omi tted The resulting optical design showed
extent of optSitadll , aloenrer ahtaisontsa recogni ze that
hel ped the designers to determine the charact
experlence constitutes valuable background f o
was ot easy itgon.opfheni akgeabrdds equations t

aberratl—loinlseanlr,e wloinch means that they cannot
equation. The exact <calculation of all/l ray tr
way to analyze desdi gnpt iAni 2 @c cae slsd rud design r

creativity and a very sensitive grasp at the
some of the ol der designs today, one i s omp.
unbi ased evalwuation owist ht hnaotd emain vyi ncsftrtulmesndasf
designs often |l ack refinements, but t hat t he
met hod of l ens design, using calcul ations, a
was the only one that coul dt iben usfedt et i | t
computer and design programs, which could ca
oblique rays.

3.6 The numerical approach in designing lenses.

With the introduction of computers, t he | i mi
i fted, se thkatt) heaummor cal met hod could now
advantage. Numeri cal met hods can be used to
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rrations and they can also be used to o
ormation caprablsementBi d anpomevnever te
an optical designer nowadays is easy? T
be i1illustrated quite forcefully. A | e
perties, a so fg | sawsrsf a cyep,e ,t hciucrkvraet susr,e and t
me nt They are also known as parameter
d magnitude. As the designer is fr:q
y refefrreedddm. alst degm elks HHhown t ha
c
i

I
f
n
h

an be used to correct only one abe
i cal aberration can be changed by t
curvaturati dAmsl cdamoimaet iaddabesed b
e gl ase=!|emamds i5t0i ams .f /R sSivommi cr on |
surfaces and curvatures, Si X thickn
ances between el enheanstss .h alsn aa drdeiftriaocnt,i veee
spersion number. The exact position
rmined. With these 36 degrees of freedc
'y different aberrati oelsy EW,e0 0 pdiiratmer
es and more than 6,000 different ray
ge i n a parameter. The 36 degrees of f
need to be combined, and some are tig
6
[

o YT QW

the 3 degrees of freedom are in fact
complicated. Given the specified con
i sing that hundreds, i f not thousands
the desired solution. I't has been est
bl e vael emeérst oSumrhiecrsamx desi gn, sing
cal

|

wWygTODLODODSCS—~D .70V TFTTTNO

u
alculate ray traces at a rate of 100
lat is obviously 1impossible. I n order
I [ [
t t
[

~—~ = o~
5
S

finit ber of possibilities
he tr ture and character o

of fer rstanding and nsig
proxi mati on required state of
rue state of th correction, but the ¢
eisbiwiit hout any guidance. And even a

e u
ue n
S un
0] t

e

—

ur e 69: slides 5 and 6 show aberrati
igmatism and 6 is coma + astigmati sm.

ek was very well awar e of ftrhoinse 1'9¢3d0n fhlei ct
sents both approaches and expresses his
fosters wunderstanding. He is aware of C
es for the analysis of the dmagmimeude of
ct ray trace calculations, when the prob

3.7 The designer at work.

Berek notes in his book, t hat the triplet,
interesting design, arirtatwohk wot heat malnl
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This example is very important, bece
goes about his task and why <creati v
that task. The s eavemi naibmeurmm ad fi oenisg hcta n
ent system parameters (degrees of fre
nt o acceoluemment Al etnrsi)plrear mad | tyh rceoen s
outside elements (aortownflglnass) an
at results in six curvatures and tv
giving eight degrees of freedom. A

S

a

(

o—wn —+
@-1
-

3 3V T~0d®® 0

@O DV ®DyT
Hm::ﬂ)'
-5 a

S0 7\—('D_'3'_"
4<
> @

—~ ¢
n< n

stem parameters, such as$weg of gl
and curvatures. The desig

an now calculate the amount
i butes. As an example, we can
of the triplet, the radius of t
ri butes spherical aberration and c
d surface contributes coma and as

de choorw etcot t hese aberrations. He might tr
t suc

r

g

=)

t

-

hr omat i
ti gmat.i

S
l ens in h a way as to reduce spher.
mi nes the focal l ength, which should not
e vat urhe wiulrl reduce spherical aberrati ol
simultaneously i ncrease. The designer

ection over sever al system parameters i n

easing ott hies dhdbrgerrduo»nNnso LWLse one single

correction of one particular aberration a
construction depart ment cannot manufact

bl i shed tol ereanscyesst.e mMnwdi |tlh ebne tohuet whfolbal a

rn to the correction of aberrations. The

h
S

t
r
[
S
e
n
I
r
r
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em parameters until the correction of t
e residual i mhgi Tbeedesirgnarewvkelyakmal
aberration by wusing sever al degrees of f
orrection wil/ then be distributed over s
ar more balankedt f@Tihe depéegnef ghasseand
in certai i mits, but each combination \
ection. Berek remarks that even the simpl

a

¢
t

a
n
e
d | moesdi gmepross stid | fei mdbrexavot Idy t he

ect orel @mehbassiycsdlemseverke t he first

X, we may get a feeling for the enor
r nd thetabeubfomffhatsi expdkeaines
racteristics of l enses, t hat (I
ader not to try to extract too
hey | aaxgkprvdadiadt iionnf oafmatth e narf to.r
e di fferent, yet quite clo
may b

e
u rficially al most identic
teristics. T
u
t
f
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e
e El mal akéne] eimenitni faceph
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a cemented do Using the availabl e
r restric
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et
t e ns in required dispersi ol
i n ent gl aesnmseenst,e da dnoeuvb | gelta s s
al ed to get a wider apertur
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3.8 Max Berek (1886 [11949).

The success story of the Leiamareamehad( abt
been possible withoutoft hOss kgaeniBuas narck m@merds it
deci sion of Ernst Leitz to go ahead with t

strong negative advice of his managers. Wi
Berek however, the potentdsadi holfe tthoe elxeplcaoai tr
was a modest man, who | oved to work at nig
woul d sit at his desk with a pot of tea an
optical natur e. Max was bornbomn @&sgssemhn 46,
a mill worker. As so many of his contempor :
when Germany =experienced a cultural and s
university to expand hi s knowl edge. He st
mienr al ogy in Berl in in 1907 and finished
crystallographic research. He worked from
He made i mportant contributions to the des
pol arizationThmi ctPhearopeast opransd” t e e “ wel |
known concepts even today in their field, &
of microscopic vision). The first Leitz | e
designed by ,nsesd faorl otnlge |ILeitca ff dlel owed, 2
El mar 1:3.5/35 and the Elmar 1:4.5/135 and
received a personal price, the Grand Prix
accompli shment s.s g otdiulcledndwrL dihea rlaangef i n
65 different l enses. Berek alodenaesounts
and his design considerations stil!/l can be
study about optica@glendesirgm,r akali lsed eth GrOpn d Ik
“Analyse und Synthese optischer Systeme”)
(subtitle Analysis and Synthesis of optic
many reprints were maden twalsl pIrd &ea,edwh elrh et h
still very interesting for its approach ani¢
flute and played i n many <chamber musi c se
bet ween optiwaallesandi sowmrcc ompdasshmeeat noin
surprising.

3.9 Erwin Lihotzky (1887 11941)

From the same generation as Ber ek, Li hot zKk
class family. He studied engineering and s
he studied optmaskahbtbemabdsesomei oes. He di ¢
wi de aperture |l enses the rays from a point
focus) but they wild/l be many foci, that
surface. | magi nays$ haeor mha tonmefrgbhglrght,
narrow over a smal/l l ength and then widens
through a funnel. At some point where the
designer wil|l | oec ad @&en vt éhreg if o arl a ypd aanreg calso s &
represent the object point as a small circl

the designer could always determine the st
made I mprovementsbeda bhwePethzwal eandeBrcaunh
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seminal study: “Gemeardaltii ©9at iodn Adbfbet {easSianegr el
the disappearance of coma <c¢close to the opti
l ongi tudi nal aberratlonisl‘iecaetlcmletjhllssowd)talnathlec
condition, which even today is part of the de
titles in those days were not a deterrent) a
what happened in 1920. Atstleanst zff ore mimproswed et:
designed the il lumination system for the Lei
1934 the head f oOpei depaHementhef cgry smieemaod i z e ¢
of optical syst ems in sever afl aolplti caw group
mi croscope | enses starts with an L, whi ch
start with a ' B’ for Berek.

3.10 The current design team and design method.

Some snapshots from the past wil!l hel p you t
desiwinr emment since Berek’'s days. Some aspect
The basics of ray tracing, the study of the
design process are comparakhengbuti f asr escas ,
can ontlegctbhed dien the subtle details. Berek des
often at night with a pot of tea and smoking
with | og tables and wusing the Seidel coef fic
t hirtiaensi,carmecchal cul ating machines were introc
empl oyed a staff of people to work out cal cul
the work to correct the aberrations I n the
up the caltdtulaatfimeno®rw2 and the chief designer
work and check the progress. With the advent
design program, both methods wil/ wor k. One
individual persborcahe Lattarhappoptaed

I f yo |l ook at what they are doing, you mi gh
depart ment. Every person sits in front of a \
wi || see a number of print soatmhsl dff aboagqsr ows
Looking a bit more c¢closely you wil/| note a n
person is studying and analyzing his own | enc
i mportant characteristic of Leitcdhe Iwomrsk desi gn
of one creative individual. Nowadays we have
l ens al most without human intervention. Thi s
get the point. Consider this: wlyem we take a
portrait) this face wild./ be recorded on film
pupils etc.) wildl have an equivalent point or
we have an exact replica to the small est d e
abbeg ati ons, which means that the position ani
recorded in the same position and with the sa
these differences and we can even identify t|
not ai eewescThe designers from the ‘“thirties
the time and the computing power. I f we start
t he Iocatlon of a poi nt i n object space an
correspondi ntghapospaiimtn oconf the film plane. Re |
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mes and we get a clear view of the i mage.
l ues of the aberrations detected. This ¢
errationOh®908 wadueombh has a value of C
l ues would be zero). Y o u -acrorual ndg et htehne tleelnls
ements in the design such that t he coma
ma in the dfesdgei grf®r a dceuwmlnd oproduce a |
sks. Everyone could do a part of the desi
how (as exampl e) some Japanese design
racter of its ewproBiosnengessgmese are mor e
ice of glass or shape of glass el ements
el written by one writer or a novel wr
tainly readable astown] mpalkl|l ¢geni e faoadm
ause i concept is |inked to that i ndi
[ a |l ens design, (s)he often st al
t about itdi metdrheofphpayvyoaéet d
he | ens, thickness of the | ens)
S)he wildl study the potenti al C
s etc., p a rxtpley i ferncm sarda tpalr,t | par
Leica, where many designs and

T O FT TS KVLWTOTOSOO0 —TrToo<oY<
OSSOSO TODOIITSLVOHLO T TODL

DPOT ODODS<KOYLO KO WD

=y

this i1nitial stage of free creativi!
of aberradti magkewsuneewet getcogio:
on the fil m. These aberrations can
aberrations and fifth order aberrat
r when <creating | enwiedse faope rphuorteo gor
Leica | enses make the correction o
excell ent i mage quality. When a de
i hoer dveirl o neersc caunndt ew It irtldeet yfoiuf tc
designer has to allow for
e higher order errors. S
pe with thescorAne dthieons
e
[
e

=0 0K
<3

O

D

=

CD\./

has not a good idea of
it hopel ess: you have toc
the computer wil/l hel p
higher order aberration
ence your earlier cal cu

PZzOToTOTOoDOA® S
TCOoO~"OoO®MTTOC IS C D

OsYs —oo0

er needs to study the i mage qua
a &trgedsigm (idmeiat iodl wlhayout) i

guirements fit. That is why Leic

course colleagues will help when
with the delkigasr adVhntagepr-b80. The de
an 18 mont hs, because it was n.
aracter of su€BO0/ad4) decsd wlind it en e
in about chsaloff a weari.gnYoawndkna
ics and then a simpler ver sion
The first design took two year
o]

bvi ousént cfliosgeéiyprriedtat eld, wis
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more about this. The Leica design team is ni
Anyone wil |l in principle design any | ens. The
thel&® | ens, al so designed t18¢ 22/ 35 ad sph . Th
produced-7t0he AZ. &/x&5mp | es!

What about this fingerprint of a lens?

king at t he plctures (see <co
rrations have a erent sha
ind the plane o r T
t wi || be sligh
e are very crit y rel ategpetsog the shary
sequence in w aberrations are correc
omati c aberrations, t hen cC 0 ma or any ot f
rections, the balance between the aberrat
i gnnecnatnsp owi | | influence the i mage quality v
r companies may not di ffer that much in
is computer stuff partly), but they wil
theget with a 7 el ement -edleesmegmnt sand s o0 me
he same kind of target. Leica designer s,
photographic and microscopic optical d
ievsiitgyn ,i nandd some wunique insights into t
ng through a design are able to generat
ated by the computer which give an accur
n fleatt smnubesxdelute for a prototype gl ass
e w. In the Leica archives you will find
e computer, and then drawn by hand!. It
raw alltthése bhows that the | ink with t
ns now may be created by a new and youn:
the Berek days and we are very fortun
i schstallilveveirry Smul ms. A Leica |l ens oft:
good wine or a good novel. Because it
reative individual we might consider it
mput elre iposwoiubllde ntod redefine the state
be very fortunate that Leica has neve
l ens design. I n any modern Leica | ens
I c-me anhiacvael odpetsoi gn ,-e ddeatt eacsh maludgyy .c ulth @ rne
ently a tension between the optical gual
s of these I enses, who are striving to g:¢
a and to give serious fe
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0
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4 4 Chapter 4:

Part 2: Some advanced topics in optical design and
manufacture

4.1 Apochromatic correction

The notion *“Apochromat” has been introduce
used itti cfadr sgypt ems, that were very well CQ
The Greek word ‘“caoclhoruormaand meameao hnoama t me
traces. We know already that t he refractdi
wavel ength. Thils gshpgr @adiknngo wnf atshedi sper si on
nature quite often when | ooking at a rainbc
the refractive index and the <closer t he f
Sspectrum about 200 bdi fifdementf i edl amds n@aane d .
Fraunhofer gave the more important of t he
recognition. I f we only ha one gl ass el e
wi || use to |l ocate thaisha rlpnesscpmlsarmenamry |
select the E or D(d) I|ine as the primary o
When the focal |l ength of a | ens i s compu
monochromatic aberrationsgaheaal sbecompet ed
Table: Some wavelengths and their spectral
Wavel engtbhesi gnat|Sopnect rodl ([Nome cef |[Col or
Fraunhofper 1line
706. 52 R Hel i um Dar k red
656. 27 C Hydrogen |Red
589. 29 D Sodium(doQhmamrde ylel |l ow
587.56 D or d He Imi u Gol d yelll ow
546. 07 E Mer cury Gr een
486. 13 F Hydrogen |[Pure bl ule
435.83 G Mercury Vi odleue
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Al | colours (with the exception of the pri mart
points and also different emlgarhgememt diafectthe
measure of the magnification of the object.

times as big as a 50mm |l ens. Al deviations f
as chromatic errors. Errors in eadhe differen
l ongi tudi nal chromatic aberrations and error s
chromatic aberrations. These chromatic errors
gl ass. As every glass type and wavelength ha
simple way to identify and compare gl ass. We
over a range of wavelengths and use this numb
di d, when he i numbducediakke t ARbae ef erence wa
l ine)andfswmtinasct vhl ue. Then take the differe
vi sual-l ilneg hhiinweg .CDi vide these two numbers an
Number .

V. = £NO + NCNF

These values range from 20 tol 88t @Gtaws gl as:
has | ow dispersions. The value of 50 or 55 i
bet ween both types. But these indications hav
identi fie-Numlyern ter Adbbeame, ofter fofom the Sct
BK7) or by a glass number. This is a six digi
the most signi-ild amtndditdiet o acft [tMDee digits
number The famass fNomtithex past nwas desi gnat
Abbenumber of 40,3 and a very high refractive
i ne. By suitable selection of glasses with ¢
compl ement ary, the designer can match a crow
codros are focused to the same focal l engt h. O
these |Iines correspond to the visual spectru
Such an achromat has much reduced chromatic
resi dualareroal |l ed secondary spectrum. The de
speci al glass types in order to bring three d
common focus and this type of l ens is called
correctlTehce Inemsati ve definition of this type
apochromatic error i's not corrected This er
overall di spersion does not tell you how the
mi ght assume tamatortdlearley pattern in the disper
a graph with on the vertical axis the index
the wavelengt h, we do not see a straight |ine
shape fog tewmpe.y 9d atshe di spersion in the blue
to the red part is different for a crown gl a
known as partial di spersi on, and is responsi
designer ccam ttwoy cuwr vmat f or t wo wavelengths
spectrum wi | | be out of synch and generate co
whol e i mage area. The apochromati-c error wil
|l enses, as t he si desa tohfe amatgenlidpicoaattd olnemf t he
enl argement , the colour errors wild@ be enl arg
to the focal l engt h. The first Leica | ens wi-t
TelRytl: 3. 4/ 180mm.c Tchoe reepca dormomast inow i ntroduce
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focal l engt h, and there is no reason why t
col our correction are formul ated, even the
target for this typiegnoefr cnoererdesctticmnf i nichegll a
characteristic pattern for the partial di s
saw that the nor mal parti al di spersions do
gl asses can bemafpouanndd oaarbet diceasqjleeeds s on gl as s
anomadiosupser si on gl ass. Such glass is very d
wel | acquainted with these gl asses, howeve
apochromatic correctioe @afpocé@romat ensesr ol
edges whiaeddbokder. On one side t-he edge i :
violet. Or as a greenvibahedt obhamcheorsi dee aod
These phenomena indicate twor di Bbehemrmtant \by
unrel ated, so one can be corrected and the
agreed wupon definition of what constitutes
wi || designate a | ens as an fauploc ha poerrattu raes,
and over most of the image field. For this
these special -ghatsisals i $hemavinomnmalt is al s
apochromatic error to a smalk fWwalveea WwWhas
with a very small secondary spectrum, whi c
Every manufacturer has its own correction p

4.2 Can lenses be corrected for black & white
emulsions only?

the Leica communissertyon, cahabftenabeagae
ue. The ol der |l enses, it i's someti mes
k& white photography. This statement, [
ur corrections werceol matr rfeddne dvaisn utnkken o
i nvented. When we photograph a scene
e), we must reali ze that al | col ours o
il m. All wavelengths evifldr rhaet iinw.ol Redl a
I i ht (the extremes of the visual Spec
e lens, irrespective of the film used.
i t
e r
e t

[
—~ D —h

: comi ng fr om aanp oocbhjreocma tpioci netr,r oas,
e, wil!/ i mage an objecki ploeatnt wi t |
her side. Il n B&W emul si ons, t hat
n fact, B&W f il msi svetrtye dmdre cdieé m
o detect smal | di fferences i n gr e

t f 1 ight involved in black and whi
wavelengths, and will i nvol ve all residual

Qow—~roToTosS<KOOC —
SS9 T35S IT®MO0 T35S
s o
so— =

4.3 Aspherics

Many of the aberrations, that I have discu
surface of the | ens. It spdems chbgifoalm, t 6 i |
ellipse or a parabol a, could be used to co
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|l ensurface is defined negatively, t hat i's an
(fl at) -sipshecalclaegd & hyperbola and an ellipsoi
surfaces. An intuitive visual example would b
a cylindrical | ens. One of the basic aberrati
aberration, whose name is aptly <chosen. The
surfaces to correct this inherent optical err
usend Descaters (1637), devel oped the necess:
is very difficult to make and it i s easier a
manufacture of | enses to spherical shapes. I
claabilens shape, with two spherical surf aces
this case). The rays do not converge to a co
spherical error has it. Il n the next figure |
fitrsurface and now we see that the rays do f
amount of departure from the spherical i's sm
0. 1m I n order to understand this number, a
surfacaa viiamet er of 25mm, and the distance fr
rim or edge is 12.5mm. The surface has a cert
from the top of the surface to the axi s, It w
| f iwee gthis | ens an amount of asphericity, an
we wi || now find that this new | ine intersec
(spherical) |l ocati on See picture. To get a
invol vesh,ouyaureflect for a moment on the | enq
smal | space into 1000 equal parts. That i s t}
optics is really a cosmos of microscopically
mean | engmihc rodmeQ.e5 . For precision optics, it
tolerances that are a quarter of a wavelength
seems, is | arge, when compared to the requir
whi ch may deVvii antiec raonmey er . Luckily, Leica can
that are so accurate, because I f they coul d
be usel ess.

Figure 70s:phder3.chal l ens

Figure 7laspdhe3.iB al surface.

Note perfecte pei mtn Bkampbev of the wuse of asph
aberrations. The true power of the asphere (a
is the correction of higher order aberrations
of a | ensm)( ohpatsi ciatls swmsitpeue aberration content
adds simply an additional component to the el
idea is that the asphere changes the mixture
hel ps corr eaxlerhriagthieonsorbdyeri ntroducing new one
that the introduction of | arge errors on one
surfaces, demands a high precision in alignme
As noted so gésenmeohdarmiecs®l pmreci sion and ti
tolerances are a necessary condition for hi g
|l enses and or compact | enses with aspherics
the requirements exopronte ngthitaltloyl.e rYaonuc epsa yg rfoowr t t
quality, even i f you do not realize it.
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Figure 72: 4.3.A CNC grinding

of t en assumed t hat t he use of one
atically enhance the opatcak petf orma:
al designer s, empl oying the wusual arr
tures of surfaces et c, mi ght create |
rmance. And there are indeed o]

ces, where the optical role of t
asphere can be integrated into an o

Y
order aberrations is required.-ofndery
u
b

© =
D

abeiromtar corrected, an asphere wo

empl oyed enabl e the designer to I

compact f t and with | ess weight. Th
r I ti
[

e
t o
orm
sur epek ns el ement. As i1l lustra
i th
of

1]
(72}

a e
al e [
two aspherRsl wh/tthO tvhiet hc ud r el
hi gher overal/l optical gual it
spheobpncanhdabéestatrti on (spherical abe
mar . They can also be employed to get
d with a high | evel of correction (a
ication oft trhreestas gherdest oi st hrese exampl
optical and/ or mechani cal pur poses.
ion of aspheri cal surfaces wil/l be
ed a glass ttlenshapgdatTeudldadei pale:
face its desired shape is grinding
Noctilux 1.2/50, were polished into sh
structed equi pmenmto.c eBlse wfaasi lhurgeh raatde adfa
ew years. At the other extreme we have
rylic) immud ded i nj ectsipeenci al moul d. The
i's very expensivetard ol ya fleasi Bire |
0O pieces a year, as you can make abou
d is compression monhadc hnign ewdh ecrleo sae Iteon s
r shape and then the wheonlse iass speurtb | bye 1
Leica does not-pluasset ipcl)a seali eemeenltesn
ses. There are now two methods to
he technique of di rerctts.priletci s$ on
t he same nique as the bl ank
heated and pressedc
el
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opment of Leica,
on surfaces. The | i mit
erical surface, but t he
ut 20mm. Aspherical sur
sgsteéemr The BMurrent t e
Leica is the empboymehtedfpobmphieg and gr
se¢all ed ma@i nery. (CNC=Computer based Nur
computer is fgddwtah thkensuerbaae specifica
wi || t hen automatically ‘“operate’ t he too
individually produced. There are no restri.
gl ass or | evell cows ptrheeci dd ving n ewrhs ctho ad x pl or €
possibil i tSiuenmmi-MThe2/Ap@mm ASPH is the firsi
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aspher e, manufactured with these new tools. T
using this type of 1mantihcirnoemmeyt eirs, iwih itchhe neeraenas
precision of classical spherical surfaces 1is
possibilities for correction of aberrations.
correct asphericity. A d dmp e nasdaat pitosn tshyest epnh er
wave front as generated by the interferometer
is the wuse of hol ograms to check the |l ens su
technique (Computer Generated Hol ograms) .

4.4 Vignetting and the cos4-effect.

The simple explanation of vignetting is the m
is customary for photographic optics, and Lei
drop in illumination occurs at sthenhiesdges of

drop will go unnoticed, especially i f the ¢
vignetting can be reduced, but at the cost of
not solve the probl em, because the throat di
dimeter for the rays is | ess than the full di e
mechani cal linkage of the automatic diaphragrt
the rays and in the case of the M it is the ¢
wi | reduce the free space. Vignetting is oft
i mage quality in the field. Ful |l il luminati o
should be balanced against other requirement s
theimaxm di ameter of the aperture stop is suf
through the system and uses the vignetting t ¢
the performance. The worst aberrations are tt
zones .xakndyethese can be clipped off when sc¢
|l enses with a very wide angle of view, we no
corners. I hinted at this phenomenon when di:
energy fectompainntobha&®s to pass, as a cone of 1|
The physical stop is the device we see when w
aperture bl ades. I n optical t heory however, t
Well, thetapersultecated somewhere in the opt.i
el ements before and after the stop. These | er
aperture stop and these are called, the entra
' ight rexyd tiraatm t he | ens, are optically comirt
take a point on the optical axi s, and | ook fr
exit pupi |l and al l rays coming from there fo
(remembare we three di mensional space!) subt
area of the exit pupi |l divided by the sqguare
centre of the film plane. From an off axis p«
pl ane, ctehd oditshtearexi t pupi l is clearly greater
di stances is greater by a factor equal to 1/ c
the illumination in the corner by a factor o°
the eixlitiopupo |l onger circul ar, but we | ook

el lipsoid. The projected area of the exit puj
Cos The i1l lumination at our corner point i ¢
ready. &cam omrat the edge of the frame we | o
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4.7 Wide apertures and the geometric flux.
From a modern perspective aettensotamansmags

[
pl ane. | f we take a picture with, | et us sa
reflecting or originating from the object is
a second. The |l ens or optioamisysteém isghn f
energy. This phenomenon is designated as th:
“Geometrischer FIl uss?”. I n anal ogy: through a
only a certain amount of water per time unit
fl ow of water, you have to increase the diame
of the pipe then do determine the energy thail
t he aberrations i s al so dependent on this (
Summi-Rr#d 180 is twice abBl ndrliltm2 n®us8@&G.s The A
di mensions for the 2/180 are 176 x 116 (|l engt
132 x 76. Simple calculations of the tube vol
Summi cron ip9 ptewivod utmee of the EIlI marit, which |
that the Summicron is twice as sensitive Th
l ength al so exbll m&Rkmist 0§ /ABBPeH V asr itowi ce t he vol
of the&l WRrie®D/m3n5 | f you prefer to reduce the
have to perform some el aborate optical jugagl
gual ity. A 2/50mm | ens seems to be a piece o
more difficult asora twied epra stsuabgee iosf nteheed eldi gfht
1.4/35 is twice as problematic and four ti mes
aberrations do not conform to a simple extrap
exponentially when t heet rtiwhad | d/i. melrhseircen si sg rmouw hg
the statement that it is easier to correct a
all owed to grow beyond the minimally requiret
field angle are intomatelg cehaetededas far as
The following table illustrates the dependenc
Aberration |[Aperture =|Fri e(lrdadiamg) e of view) =
Spherical daB®#8ration [No influence
Coma R” 2 W

Field curvdNaoarenfl uen|onw 2

Astigmati smNo i nfl uen|oM2

Di stortion |No infl uen|oMV3

Chromatic aNerrafi oen|dNe

This table tells you that the spherical aberr
doubl es and that distortion grows by a facto
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can be approximately be corrected as
ced by a smaller apertur e, but at the
d. And whil e spherical i s reduced, di
nc+é niacgedrseo me ot her aberrations. How t h
of the designers’ chemistry. The small
correction. The | aw of the geometri ca
rection odbehreathigmeratortdee wi der apertu
uracy i mat ching of parts and assembly
calculate an i mproved version of a | ens
nul | i fy t hneota davna nocveesr nsatdaet.e mletnti,s t hat
a for a Leica | ens, has been i

n
t
t f

ce you pay
rtures. l-pr
ge quality

d du crteiavliel yt oc osutnaperdown to ver
wihladgigngdeheisebhbatyi, vewhed i

3T -SSTOO0O0ITO OO

—TOT T O T TSN
QDT

4.8 Vario lenses.

The basic Hdeeas ofi na Learciao parl a
manufactu ) is the possibild.i
without ¢ [ gethetd|$iamcelh
n e i
I

Q n
s .0

r
h n m A&bl ens
focal I g t h is only one magnificati
from fi m pl ane. Assume we take a pict
nt t o thhaev ef rtahmes opfe rtshoen nfeigat i ve wi
he magni ficatOi.dOn 4wi II1f bvee 2Mamm/ 1a7 Oc
tion, to get a more detailed recor
n and r efemcsusa.nd fmowee tiak e oavasidmp It
ger i mage and when we move it awa
This -wowéd per av araira abt e zoom) Sy
d, but i s shows thel e@mg nwcarmi ®@ssy Atne n
d above, can only have two magni fi
ore |l ens &ele
emml ensget m
r s of Il ens el

groups, we alter h ffective foc
a mechanical device to ps$jightly sl

uring t he zooming action, we can preser
ompensation movement is unfortunately not
pRloinnear one and needs a cam arrangement,
am. Irnl yt hdkcayesa of zoom | ens desi gn, such a
be manufactured with the required pr e
for. The optical compensation emp
ch are | i nkembvteo gteotgheetrh eandanadl sion r el ati o
the system. Such a system is simple to
ically compensated. The early zooms had
ay: the constamtangeer Alse® awWher exhe fwlpl

t
d
d as the ol der camer&xpbadr edéot Autompens
t
e
t

We wi | | have to d
t

e
t

n

I : add m
e other |l enses in he -by#é
sts of at |l east two group
w the e
S

o
=
c

> ®d® O
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O
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D
o

omatically for focus changes and il | umi
se demands stressedllinwetidesegn!| ot i ezabh
ically not that good. As the |l ens el eme
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the designer was restricted in the ability tc
range. I n fact the corsectplilaces bgulad foeusb s
the depth of field parameters. And | ast but |
| ar ge. When the problem of the accuracy of t|
was sol ved, most zoom | ensesnplkeencsaeamhd oann d ygpree o
A modern vario | ens consists of three optica
defines t he gener al properties and wher e re
correction, the wunit that adjusastthe magnif
back focal l engt h) and the wunit t hat adj ust ¢
focusing movement) .

Figure 74:2840. 8.ef Ipc-280e 4.2/ 105

Some earlier |l enses had two groups, only a va
a wholfeenatsons as t he/ Obmansi cWhiemi tt.h eSedee s3 .gin/ed 5
empl oy many | ens elements and is relatively
functi on -icnant oboe, bausi Iviwi t h several -current Leic
El ma&Rr ilt: 27.08mMABHPH i s a speci al-l icnaesaer, caasm her e
movement has been replaced by a |l inear movem
easier manufactur e. Gener aHleynsa fdesitdhmreere wi
positions, the extraeamexfandet leextgeeome tproisda ali ol
assumption that the intermediate positions w
much sensitivity and feeling of the designer
excell ent | ens. As we Ilerotseckliemeobhaptyen hal e,
more possibilities for aberration correction
combinati ons. 't is a hallmark of good design
most Leica vario |l ensesvhamre wihtehicro mplred i @ i oom
to 20 el ement s.

Figure 75:-70.8.B 4/ 35

Figure 76: -740. 8. C 2.8/ 35

The obsolete idea that vario | enses can never
is presumably based on earbber |l erpesiemntes sof
however not possacdnheeitwe dvomr A p-& losma rpittee  Var i o
R 1: 21.880/nin® as example has better i magery than
135mm f ocal l engt h, but i's -&t ma&r8i0tmm not a s
1: 2. 8mM.18Mhme same st at enelnmararpdp/ld Bes Mar itohe Var
El mari {702 AS8PH5 when compared to the same ran
comparabl e apertures.

4.9 Bo-ke, unsharpness and circle of (least)
confusion

When we record a tshorlaed)diomgresitonalt h( mur Lei ceé
accept t hat the i mage wil/l be fl at. The sol.i
pl ane, t hat i S i n i tself extremely thin and
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sionl ess Thenefsisl no fe nBultsa oIn0 hmisc rao mehti e
ct this 't 1 s, by the way, interestir
best t o explore the Leica | ens gual i
rometer. This i s teetnert ionie st hsemaclilrecrl et hoafn
is fixed at 1/30mm or 30 micrometer.
meters in front of the camer a. Focusin
e, the vertical sb e cseh arhprloyu grhe ctohradt e ds od ni
e . Al object points, in front and bey
arp, and the more so as the distance fr
ographers wil|l haveehadus éde@ pixptwui encBu
ed at from a | arger distance, the pict:i
he other way: we have enlarged a pictul
ply rendered. Then weBOdmyamd bnagwewe ealt
ily di sappointed, as all object points
emar k that the eye wil!.| regard i mage ¢
ance and/or the diameter Wef kinlnev [ cieret
ter 1.1) that a very small object point
i nt, but as a small patch of light, wit
ies of concentric bemds tor Mihegscoo fe
unded by a blurred edge, but we wil/l |
of Il i ght Unl ess we enlarge sufficie
ular |ight distribatrilgn., Tlkke salmipl iyt yst
ty to differentiate detaill at some di
sked to identify |l etters or shapes of
r  identify a l|letterd @suurami¥Yi mom wansi‘l
uti on. It has been established that ¢t
(minute) of arc. Using an angl e mean:
viewing distance andteheosiaadofhéeéhaonp
ing distance of 25 c¢cm, it has been es
mm (0.0625mm) will be seen by the eye a
rated by at | east 1/ 16 mm, Whleln Wheoi der
cts are closer together, say 1/50mm t he
two smaller ones. These figures are ob
t is reasonable to use |bDeowerthegluirgsr é o
/[ 6mm (0.1667mm) has been proposed, whic
i X points on a |I|ine, one millimetre |
6 7mm. Al I these figures aratr adloetsed t o
mean for the di mensions of the points
enl arge a negative 5 ti mes. Then we h
bl e point by 5, thus 0.1667/8& = 0.0333
l er than 0.033mm, we will see them cl ezc¢
very wel |l corrected aberrations, the ¢
as 0. 005 mm. | f we defocus ed bit, t he
arger, | et us say twice as | arge, t ha

atches wil |
true (sharp) focus plane wouhed be | oca
ve i
90

we are focusing on, we ha i mage p
ect plane at a distance of 1 meter, Wi
ger i mage points of di mension O0.01mm, k
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i Ol et rers. An object plane at 1. 70meter wil
3mm and now we start seeing a defocus Dbl ur
al | obj ec pl anes behind the plane of shar
secthl poobfe that are |l ocated in the object
eptably sharp points and we say that the ¢
ition of est focus is of course 2meter, I
cudrad eals hextending from 1.80 to 2.20meter
I d (DoF) i s rel ated to the [P mit of mi n
aphy 1is |l 1ed the circle of (least)
uscedc gI5c utliamees )t te CoC of 0. 03mm has |
films and optics were in their infan
with our small Leica negatives, we
t hkast ctohnes i Meelk adhyi.n |t i s not wel |
(di stance before and after t he shc¢
ion factor. That i s, when two objec
ni ficationd,nignrmesgéeaet iDéd afs tilde nfto ca
object taken with a 35 mm at 3.5 mi
18 meter wi || have identical DoF.
i mpression of gtewmcerdil f fsegrad retmelnd rss e
care to compare pictures taken at
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he depth of field

D

r
t
O be correctzloynef ocused. T
erfocal di stance. Or even
a safoftycumarrgamgd.or Arsyo me

nt
opriate definition of

oudf ocus point wildl be represented as a defoc
byxpeeri ence, that any defocus decreases | mage®e
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h
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duces contrast and makes sharp edges fuzzy.
e aperture stop and its diameter is depende
stdince beftoween -afinctc want pl anes. We are famild.
ape of the aperture stop -owfhcemu swes pscete ian ci r
e—foarebackground of the image, indicating t
op.s lbd ades give a hexagonal shape and mor
om this easily recogni zedoffpdien memjoengt sy ou
adual |l become blurred when they are | oca
cus. T fc dv@a un goefft adcrussmtb | ur patterns i s not
many factorspfoeculs asnagkei sselutt an

e from the plane of focus. It is
s b a p €osff ooachuds sitmaugcetsurleet ween di ffer
ne can asaWmdatckgtr oanbd!l wit éd hedbpe
: correctly focused, c-l early apart
ocus shapes hawnel heamdsthedi eccharact er of t
signated by t-ke” Jach’Baemrsieg iwoaldl y* bmeans being
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y. The word its.elA Ihearss nwhipcohsiits vien tce
-kgeoohda sbhoa certain | evel of i mage degr
and detfaicluss oofbjelktéeé olwnes. One mi
n c e -fboectunwse emdh dtchoesl tii emaateisv elsy rs mal | , W
s a very smooth transitiken ifsraam f oc
[ e one and it is a matafeacwd per sol
|l easant -be mhas$ . bedidemd icamsn eae patr iotfe rb a
l' ity and a discriminating charact
m onal connotations of an i mage ar e
i cuss i s the fact e hway tlheermrrsee sarree pirnodc
wtcus planes. The presence of aberrati
u

n

DO CTO "< Q
Q-—< T —T0

0 s, as the result of aberrations is a
f e detail s, justi bedthboeéfeAtbens db
S i mage degofadatsi am eiamk et) lf émacsutgbed bher e
ens with a higher | evel of residual abe
ing gookle.anOhdedadl degr gledn shd sg hi naaarkisabflor
and the <current |l enses get l ow mar ks.
rrection of a | ens, the more easier it [
ocus areas and t heet. iNseannotirg rrperceltesd ga® db & ¢
nses are more highly corrected than ol d
ansi tion from focus t o def oc uM areas.
2/ 35mm (3) from 1979, whkiechnids tbeediutr e e
mmi-dr dn2/ 35mm ASPH, which is supposed to
i o]
S r

® "SS9 S53 T C T TSSO

Do HOo DY

/
N
h

The aberrations stildl present in the I
o0f wtcus Dblur . The use of aspherical sur f
deipyesence&eof Ildoadd Kk evel of aberra;
trument al , and not t h s e of aspheri c:
rected, as several ap romatkiecal |y cor
gerprneatst Whendown, t h ifferences betv
-ofwtcus areas of several type

appear. It is a matter of o
ogni-ewktlus dutur and that a d
t
e

of |l enses
ptical progr
efocus i s mo
he most I mpo

Onwos TS unw o

ef obcnus part of an object 1is

al | r creativity and XxXpertise t
rg. prodfowcmucsedarewmt hel ps to c
tion to the correctly focuse
i 4a shows previous type f C (
n. Sli dhes s@iowl raaabngegi Gt ur es. BotFh
ntical situations. Note the smoother ba
r Leica -dfeocses iIxthrndbitthatutare quite sof
j ect shapé&so.c ubhoaf coschoisftti sf rgomadu al and
t |l enses have a memreocalsr ubplturtsr ahnasviet i
ent character, notably a cleaner def i
ructure of the outlines.
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5 5 Chapter 5: image evaluation

5.1 Introduction

The reader should be aware, after reading ch:
l ens rarely delivers a perfect image of the o
of aberrations l eftt iwilthedegpttdealt hey sqtueanh,i t
reproduction. In the end there is only one Vv
performance | evel of a | ens, and that i s wuser
i mages (s)he sees, éhkodmarscd si sacjcle¢pd edl ands
This acceptance is purely based on personal C
From t he i di vidual viewpoint, this does not
e
[

- >

i's most of n also i1 ndndietnltedc dryt eermhte osfuba epit
s is fine for any individual phot ot
ce |l evel by personalized criteria, h
f we want to makeecomparcitsomrs tlee mse.
di sregard the content i f the pictur
i cal i ssue of i mage recording. The

r i mage qguality sas iint wihat unkno\v
itowi || be us

r wi || s k

- T >
D D
= S

> O O 5

d and what the | e
e his question: “lor
d if a given amount of aldertrhaeti ons i s
guestion woul d be: “How can we inter
tions?”. There is not yet any direct I
tion and the subjective interpretation
for i mage quality have been propose
phic | ens. The ol dest one and stil!]l
fines in effect the smallest d ai |t
veriys simple measure to us an
i ty. Il ts el egant simplicity is decept.i
defective measur e. It is specified in |ir
i nss cp/mhmmdiered ‘better’ than a | ens that
gn programs and all books about optics,
gnated as the best single merit function
usesinglynadepted by manufacturers and me
cal performance. It measures the | oss of
oduces an object. I f the test target 1 s a
the conasashei bl 40K %part does not refl ec
wi || reflect 100% of the Ilight falling o
ns on a transparent screen, we can m
rt he owhihtase peceived most of the | i gl
he contrast has dropped or change
e
[

e
t
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intuitively wunappealing as it does not rel
way the resolution figure does. I wi || e X
indicate the valme amd het er yroat uinerdat@a.
mention here that the MTF data are widely
e
t

representatiyv measur e of optical perform
measure. The rue nataurtehe faler rogpttiicml c srytsd
being evaluated with the ray intercept cur
function and the optical path differences.

5.2 Resolution

5.2.1 Resolving power.

On first sight it makes sainlsethat |@aokems

reproduce, as a measure of optical perfor m.
aspect of the obj ectkniownf rexmmatmpdofe osvr thenp.
portrait of a girl, where wd hwo wlyke | wmasrmte st o
The image structure of an eyelash is repres
Il i ke the test pattern we can find on the
versions of this chart, andl akeFrnatengsapdt
equally spaced black and white stripes (ba
grouped together in blocks of three or fi ve
than the previous one, repregentti ng &aspat
with a width of 1mm occupy a space of 5mm,
each occupy |l ess space and are said to have
first case the frequency woul de b%e Ili neasne p
per milli metre See il lustration. I f we wol
standard | ens, we have to set wup a camer a
di stance, because we must knowotume ‘tMmagni fi
number of bars that are recorded on film. L
factor of 50, that is we record on film th
of 50. The | arger pattern woutl dl/no@W Ibieneui t
per mm (or 50 lines per mm) and the smaller
mm. These structures on the negative are t
and we use a projection or an enl argement

|l deally we should enlarge the negative 50 t
the sake of argument, |l et us assume that t
every bar can be individually recognized,
bh urred and we do not see 5 individual bar
colour. Wi th this procedure we can say that
50 l'ines per mm.

5.2.2 Resolution described.

Resol ving power val urmes sperci myl Itihme tnruembteh ¢
separated visually. The ANSI/ 1 SO standard o
a photographic materi al to maintain in its

Pagie o2 3
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I el bar s when t hei.r Noetleatt hat dir epbheiem
/[ resolution is a visual, not a measur abl
e idea It is based on the visual acuit
S The ability of thereyeetry ail otsien d wigsel
es substantially depending on the shape
e |l ocation where the observer resides, C
There is also an elnevmdntedof Objsed ymme n tA
udge two objects to be detectable as sej
bjects too close together to be separate
e 1 shows such a pattern of parall el b a
ut i one cvhearrstisoni noronanot her. Resolution t
ion. What is the minimum distance betwee
tected as separate entities. There is no
en ‘just' dleadercltyabd et ecatnadb| e’ . I n fact t

e 77: 5.2.1. A bar chart

5.2.3 The shortcomings of the resolution
test .

rocess of photographing the bar test <cha
and f i ndgirnogu pt hoef slmanlelse stthat can be disti
ght forward operation. But here the trou
|l ate the raw numbers into meaningful an
nts consief sfix thargroopsever al Ssi zes.
ency is related to the image spatial fr
the real test chart has six bars (three
and you have rcahtdsenofa 1r0edd utcit meo. Then
ution is 60 lines per mm. The groups of
orizont al direction and with al most all
e for the horiatontak amadceveAfieal ekppnests
oping the film optimally (a 1/3 stop wil
ives under again ideal photographic cond
ocused absolutel pyagpdthien saemrd eso ofowpilcdv
settings that are changed by very smal/l
ave to select the negatives with the bes
(due to physiolspjcaheandspbtyshalegisadl
d be accepted with at | east 10% margi n.
ting figure of say 74 |lines per mm wil |l
67 to 81 I|lines. Sdei | seccetrinnagb | veh ibcahr sb liosc ka
ctive act and two observers wil/l di ffer
ution figures would be related in meanin
l ens, these four Qoowpisngfemraomgs Nnsi ntsertp
s, and individual judgments, wil/ produc
A simple check in the magazines wil/ t
nt) as been credi thneeds wietrh mam yatsh ian g efsrod nu t
e. Even when the test is done competent |
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not wr ong. A Il ens with an established res
necessarily have higher i mmgepgoaéduyethas
a resolving power of 801 mm. Resolution fig
real opti cal performance. Thi s i s a seri
photographic | enses. Il n astronomyn and micr
l'imit has more validity as here the abil it
double stars in astronomy) is a more i mpor
resolution test to find the maxi mum numbe:i
dustbin of history and | have to strongly &
as a serious tool for the evalwuation of op:
own resolution test s, as there are too many
5.3 5.3 Spatial frequency and contrast
5.3.1 Spatial frequency.

Whil e the concept of the maximum resolutio
i mage quality, the basic idea of spati al f
bl ack and hite deoddhdras od tegrupdt wiiathe i ismaged
l ens to be studied. Sets of patterns with
from 1 to 100 I p/mm are wused as a target.
designated as frequencwyangf ndNmbenebepweemm]l
100 Lower frequencies have the | ower numb
number s. Lines/mm and | ine pairs/ mm do not
Thi s is a very confusing, butr irpeel aafi val y
certain width and | ength on a white backg
background. We h intee dc d imhter ebdta,c kas we are una
line on a white paper. Assume we draw 10 |
di stoafnclefDcm. To be able to differentiate be
smal | white space between two | ines. We se
white stripes. Suchwhai tree pleianteisn gi sp actalelrend osfp
and ahad ear analogy with the temporal frequ
and sil ence, as with the old mechanical ti
training, is a device that can be set to d
hel p ayyo ut usnted. These 10 black |l ines can be
frequency of 10 lines over a distance of 1
10c m, we can distinguish 20 different Il i ne
down to ead tthh eoye orpdfeerant o this pattern as |
know that to see white, you need bl ack. Nor
confusing and would say that there are 20
bl ack/ whiteapairands sa@ loumne ppttern can be

l p/ mm or 20 |l ines of alternating white ani
engineers, assuming that a |ine is always &

emul sions or op¢t i aanbhliactele rpraatri oinndtihceadreys a w
wave being a phenomenon that has a top and
wave and white the trough-tomoutghhe comibeé maway |
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is called a cycl etiacnadl otnoe onienec ypcalier. iDsatiadere
emul sions show MTF graphs as measured in cycl

Figure 78: 5.3.1 A |l ens MTF

Figure 79: 5.3.1.B film MTF

When reading resolution data, we should inves
(bl ack olri wehipgai)rsorand who is talking. Leica
data are always in |ine pairs and that is the

5.3.2 Contrast.

Il n chapter 1, | have drawn attention to the b
i's reepraes i n the Iimage as a disc of | ight with
of the | ight will be concentrated) and a rim
we represent this structure in ahthree di mens
x- andawyi s and t he lixglst, iwet esnesei tayn oinl [tuhma nzat i ¢
(Lichtberg in Ger man). | f we defocus, the ar
intensity of the I ight in the core is reduced
of light energy from the object point is now
is called the point spread function and is de
of a point. Literally the way.(function) the
Figure 80: 5.3.2 Il lumination mountain
Contrast is defined as the difference in |igh
| f we have a black and a white area, the cont
the white area.adAdbnogétokctahealglhaokt the dee
a 100% difference in contrast. I f we take a
val ue of 18% and hold it against a white ba
significantly. Thaes biosr dsetri |Ible tguweietne bvoitshi balree. Wrc
a grey <card with 18% and one of 20% refl ect
detecting the border | ine.

Figure 81: 5.3.2 A ideal pattern high contras

Figure 82: 5.3.2.B pattern as recorded by rea

| nn ai deal l ens/ film system all Il ight energy r
smal | ) would be concentrated on film in a c¢
energy would reach the black stripe next t o
what eveiral hfer asgp@aeéency. But | ens aberrations wi
bit and | ight scattering in the film emulsio
energy (aimed at the white stripe) wildl react
the whitdhpar scattering of energy wil/l af fect
hi gher degree as t he di stances bet ween t he
progressively smaller and the scattering rela
find the masitmwom oomrtr all contrast at the | ow
With higher and higher frequencies the contr;
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at the finer spaced patterns we I

ast Wiad wer aftr eecghueenci es. By now
tig

=]
~+
—
—_ —

t (
ast and resolution are more htl CC

5
—
—

ca
he
y

rast and
tion. N o
recor d
meter .
ations
bed ab
er of

equency are related
ot oweal optical

oint as a small cir

ival ent to 0.02 mm
i foirmclientiemmsnoby, obut has t
e as a defocused Dbl ur circl
mi cron and the surrounding d
takel p/ mmatitaht f wegudnaynoah
ack and white bars on the ne
5 micron. But the smallest s
a width otfh 5a ntiicrrcolne coafn n20 nk
t there are sever al white b
I e i t hat ideally represents on
be bl ur and weualr ewhintado | ran . dWd ec
ontrast zero. I f we wanttoto see th
relation between a bar and a i mage ci
ern of 25 | p/ mm, t heati ties |5 M el inrbens hiars a
. 02mm, t hat i s exactly the diameter of
e bar s now recorded in one circle an
one, here there hase balethemmatliimd tp atnt
e clearly. Now for the tricky story. I
is 15 l ines in a millimetre, every wf
mi cron. The <centr al cor eoodt itome olfi gthhhe «
esponding white bar, but the rest of 1t
we have a pattern of white and grey ba
more difficult to see the pattern as ¢

r
e
t p
i's eqgu
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usatl ofokgures above. This is again an id

spatial frequencies from 10 to 1001 p/ mr

matter interest, | ook t the 0 | p/
t e / e
tr

-cl—'-

r
of a
ing raet o) the 100
is good
be unresol ved, Then | ook at

n
e cobo
e con

t

uency. | patweerecbydat hiesca | ens,
u

r

c

e
t hat [
ast bet ween t h

res are computer simulations that ar e
l'y what happens). We now note that the
t the sopfattihael 7s0t rlupc/tnumm ebsa n d . Even the
Most i mportantly and this is of ut mo:
on in contrast does not | ead to a h
on. sTheosesetwbhati ghee ol d maxim t hat

h resolution and | ow resolution pre
y ou ant a high resolution that is dete
ntrast and. aThgeoroed iascun@anway t hat you wi l
wer without good <contrast in the photog

c
I
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astronomers are used to detect the faintest
which is the same comta aspgatriadali of.requency to

bl ur disc and the distributio
the higher spatial fr uenci e
ower spatimds faeghienei ne owit
against a black bac round,
mal | di scs of Ilight. I f the
ed Idieg hatn dwigleln eg mitlel ao wsenra lil n
e
h

r
eq
kB
kg

do not see a sharply delin
i's ment al and visual exerci
ot helrurbycitrhced edi mennds i wen airf g ute
the higher spatial frequenc

t h
he Dbl ur circle or as it i's ca

5.4 The Modulation Transfer Function.

The reductiroomodbjceomtt rtacsti hage i s called the
and the relationship bet ween modul ati on and
represented as the MTF graph, where the vert
transfer, the hoonzomnt dadlheaximagehe@olioac¢ain the
|l ines of the graph represent the spatial freqg

-

gure-MTF5.a4. Ali fferent apertures

D

alue of the MTF graph, compared to the |
ution off caundatsi,on si n tosptfiiccal t heory. Th
i ncrease bl ur circle, chan h
e the I|ig i stribution over
I elestThe effect of
S e
I i

(72}
S5 —+ 0

t he s
patch
aberra

3
o
n
3

a defocus, as the i mage
mage plane at a certain p
kace, a0of owmasi cdlhley bapggear
ircle and its uneven | ight
tionship between the optica

h is almost the same, its |
a | ens at is highly corrected wild/
es with a focused (concentrated) | ight e
atr mahnec ep eorff ot he | ens over the whole i mag:
axis and several field positions) for sev
values the state of the aberration cor.
ttohisst updeyr f or mance not only for one apert
di agram gives the information for one ape
MTF graph as an indication for optical p
realt sl are ejl id three di mensi onal struct
graph is a two di mensi onal flat pattern
an argument does not take into account t
of t haendb liutrs seinzcei r cl ed energy. The rep
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nsi onal object is made possible throug
ct is related to the defocus Dbl ur, whi ¢
d object @ sflreetpriodagedpliaanet hby a succe
ugh the object, of which one slice is t
ess defocused. The image points in all/l
he MTF grbhph aszaessefigsowfnh size.

5.4.1 The generation of MTF graphs.

met hods are being used to get these MT
values by wusing equipment for the det e
mi nated targenarabwmostial wdy®d. &@a2mer i s

l ens on a detector (a sensitive surfe

ht ness difference at t-ihlel rerdigreast eod pahret )e
rded. This can ¢esldiothei o emwals es malel erc ati
and we are able to record the bright:
d see a square shape as the transitior
rations we see a esnltilgehtsllyo preo.u n(dseede oFfifg ut
re 83: 5.4.1. A two dimensional slice
re 84: 5.4.1.B broader base
e measur ed val ues ar e transfor med by
erentiation into the point spread func
e into the MTF graphs. The second met
cal data, describing the |l ens. The com
chapter 1. 1) and the intensity distri
@a dhe point spread function is derived
n infinite number of points and from c
tion, which is a summation of an infini
tiapn weroecagh integration and Fourier T
n. Theoretically both methods should d:

The measur ed val ues may di ffer from
uction tohefraantcerse. duBumgmonrae i mportantl
measuring equi pment may be different.

measur ement s, the quality of the white
and their wei ghotciantgi,o nt haen dd esfeivneerda | f ontot
efore it is very dangerous to compare r
e variables may be different and so r ¢
h is not 80% i n @a&motghrearp h®en e .weWihtahv et hteh

ability. Wavel engths used, wei ghting
rate different resul ts. Agai n: a meani
al | parameters are idemadaulcdl| r e Atsr itchte

self to a comparison between data fror
re resul ts bet ween manufacturers. Th
ter based graphs. As the production t
he <calcul ated and measured
l ues and then uses these Vva
d

t
tes the va
e with MTF equi pment .

i'S measur
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5.4.2 The interpretation of MTF graphs

interpretatiam onfot MTeRRsdgi. agirheem graphs repr
uency of 5, 10, 20 and 40 Iline pairs/ mm c
to the edge (21. 6mm). The diagonal of th
i's symmetri call yartoou nldo otkh ea ta xoinse, pwoe nnte eodn
re to edge. Every spati al frequency i s r e
a sagittal one to show astigmatism and f
ntations ( [ enwalddebapsarandweembiycalshba
al |l contra | ow and the fine details
mm represe he contrast of the outline
s for the mim rt eh ed eatba il li to/r it op Irye,c otrda ty
h contrast) es. For gener al phot ograph
mo st i mportant. The hi gher the curves, t
erence between dadet hangetintteral t mendowsargaltlt a
guality. As example | ook at the figure:
new Summicron 90mm | ens. These differ
raphy. One shoul d bhs atwaate awvhdeinf fceormgprac e
st values of even 1 percent point is si
is a visible degradation when compared

0

v

Q0

W0

Q ® " 0

D

a
g
a

When one | ooks at trhe lhargderr: f5®WGuatnc
mm wi | | deliver the same results as a | e
6 0 %. Use the MTF graphs with <caution. T
guality we currently havend bius some op
to prevent the observer to make the wr

cCTsShTTO0TTTAQT~NTUIOO0®O ——

W3 TOTTOSTOHMI " ITTT—<-S50OMDO" =
PY "+ —-"505D O "STD® Q35— 0O0
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c

5.4.3 Trade off between contrast and
resolution?

The rel ation between co
gener at ed -TfedMy tlt:h3e. 4A a3 5

ntrast and resoluti on
2%

downward sl ope, giving 1
X
d

t

mMpBsrtitbde pmoduces a
00% contrast at 0O I p
emes are only | i mit
00 I p/ mm. Leica | er
wi || automatically
ebeit we o comnris@stsoa

| p/ mm. Both of these e
mi drange between 20 an
consttraat 20 | p/ mm and th
spati al freqguenci es. D ld
resolution, but it is I'imted to a change of
e eéfkoctal l engt h. You cannot compute a | er
d at the same time a | ow resolution. You wi
dr aofaft i cettweaedre contr ast and resolution,
pesed to have been optimized for high c
e of a | ower val ue for resol ution. I n
over al l contrast and |l ow values for
st amel relsatead.i o8ometi mes you wil/| reac
ens for maxi mum cont t or ma X
i s not t he <cas
wierpyasomeceht |
aberrations.
position of th
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Leica has made s¢smallli tekamdes he several Sur
specifically the Dual Range version where t
the resolution to make possible a slight i
the many mythspaoduoatdist hEhéeecas no evidenc
this statement and it is most certainly fal
maxi mum resol uti on, which is irrelevant her
criteria dfoes.the Leica | e

5.4.4 Are 40lp/mm enough

We have seen that hi gh contrast and high

clarity of wvery fine details. A perfectly ¢
100% at al l spatial fregquehmci EBsgwi ¢ hd nwei ca
that about 70 to 80 I p/ mm are stildl resol ve
in a 20 to 30 inch enlargement. Every opti
rel ate spatial frequency p(artdsad| uftrieognu)e ntcoy o
wi || be graphed is 40 | p/ mm. This is kind

based on the research by Zeiss that showed
a | imiting case for i mage qaulaslo toyt.h eMa noyp teixc
companies and academic research institutes
spati al frequencies have no influence at a
i mage quality is assured wheéenl phemcbset aast
high as possible. Resolution figures from
resolution figures. A 100 to 150 I p/ mm are
stay in the parlance of the emulsion chara
cycle = one I|linepair). There is a danger [
taking into account what they really mean.
sharpness and resolution is Fuji Vel vi a. T
show da nrge polwer of 160 |/ mm for a high cont
|l ow contrast subject. Two remarks here. The
extremely high in practice and hardly ever

bet weem tthgutes. That is 100 or 120 |/ mm.
identi cal to 50 or 60 | p/ mm, guite close t
l enses. Looking at the MTF graph of t he Ve
frequency inctylted eg/¥ amh (Il $ né6pairs/ mm) with

30%. Al Fuj i and Kodak films, even the mos
al | are close to this figure, So the opti
reasonabl e closdiimmtimg maxiumsmfor their p
exception. Some black and white films (Koc
Il ford DeltalO0) can record spatial frequeil
and technique is | aviphlhhedgoaphheseqbti pmenta
tripod etc.) is up to the task we can reco
cope with this as they seem to be I|Iimited

l ured into a simpl i stoiw ccloenacrlluys itohnat Fa gluerness
whole bandwidth from 1 to 100 | p/mm (and e
seen, are a very good measure for i mage qu
will stop abruptly after rtelceor4dQ nigp/fmmelri rae.
|l evel s of details (higher and higher spati a
|l ens-¢ d mbimnati on. Many <current -Eleraca tl enses
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Macro 2, 8/-30®mi-Mm2h %P oASPRPHetl w3hed/ABd and t he
Summi-kRr@h 180 and 2,8/ 180, can resolve 1001 p/
contrast So the 40l p/ mm norm does not i ndi c
than 40 | p/ mm. I't indicates that i1 f a | ens ca
with high contrast it is a lens very well cor
hi gher spatial frequencies.
Measurements of the resolving power of the e
give a maximum value of 2B clmp/ nfnvadtuea Vioe wian
young chil d). When you grow ol der, t he mini mt
definition the resolving power of the eye | o\
we can detect is 10l p/ mm. Thidemaardmom value
circumstances always exist in practical situa
never be attained). So we need a | ower val u
remar kabl e consensus that a spatilal fmequency
guite ideal circumstances. Now we are in for
at a distance of 25cm can resolve 6 | p/ mm, t
l ine has a width of 0.08mm. Wherientysou read | i
small er than 0.08mm in the print wil!l not be
a while. A 20x30 inch print on a wal/l i's unli
25cm Assume 75cm, which is reapbaoaablite if you
ar ea. But at this distance resolving power [
2l p/ mm on the print or a point 0.25mm in dian
for 35mm is even for a Leica quite demanding.
tiem. Accepting the 2l p/mm on the print at nol
we end up with a resolution figure of 2 ti me:
So the industry norm is a practical one, g oo (
exhi biprioaons. Now | et us be very demanding. \
textur al details possible at a 20 times enl ar
close distance, the 25cm Then we need 61 p/ mi
we end up wibh LB hedgami ve, far above the 4
We wi | | see that for this requirement we need
the very best of Leica |l enses. But it can be
501 p/ mm, so weocrdutdi soteegkenofedetail on f il
would allow us to do it. I f we |l ook at sl i de
Assume we | ook at slides from a distance of &
this distance, 3the/ eeyme dae gebeectODon screen
which is quite a screen, which gives an enl ar
Il p/ mm gives us a maximum resolution of about
nor m

5.4.5 The limitations of the MTF analysis.
Whlie MTF di agrams are very important, they do
not accounted for, as is colour transmission
measured or calculated for the infinity posit
grapdhes give you a clear indication of the per
but the personal situation and the materi al u
pictures with high speed film at shutter spe
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i nted edtn t he representation of t he 40 (I
characteristics I f you aspire high precisi
be of prime I mportance. I f you take pictur
and your rpeiuhtisngreydussapoul d analyze your
the weak spots. The MTF has one advantage:
the user who has to find his own personal I
aware of the maywxtbd hanl y eaesmpared with the
28mm | ens may have a contrast value of 60%
90mm | ens. As the reduction of the object

details that caowdr. rEprgatucaedr ¢ &l iagtsioc lcon
photograph an object at a distance of 2.8 n
90mm. Than we have the satataepredatti basegc
infinity, the obsies.wver should be aware of t
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6 6 Chapter 4: LEICA lens reports

6.1 State of the art designs.

Leica |l enses have been produced since 1925 a
4. 000.000 mark wil!@l be reached. The durabilit
them are stoinl It hevasdcadnd hand mar ket . Mo st

(aperture/ focal l ength versions) can be bouglt
bewil dering choice or “embarrass de riche” frr
ver sions. The Letchayabhdcidosadsswiwilthi dereat

di fferences in character that every |l ens desi
i's true. Every |l ens has its specific aberrat.
overall characteli dteings,h amar tphysi cfad di men
individual reports | wildl describe and expl ai
on the measurabl e properties. It i s possible,
profile or finwge@rsproifntl,entsesi daeavhtiicthy sdiradc e man)
't i s wel/l known that any | ens, when stopped

gual ity that is commendably good. of cour se,
than 8 times and/uonrdetrhehemivgt udruet yi sci madienst anc
highlights, high contrast and oblique | ight
be detected without much effort. For many a
involved when wusing alddemnmuclhe nssaesi .sfArcd iion, git\w
ol der EIlI mar or Summar for photographing those
fine I mages, t hat are a pleasure to | ook at.
i mproved over t he year s andptsaealal ySuamea r i s
mechanically) as t he current Summi cron. | f

pictures, the difference is evident. How you
entirely personal matter. The dhpapytoeur about i
to develop your own approach to this topic.
contend that the i mprovements are not visibl
only be detected in artificial situations, I i
onhet wall Such an approach | acks substance

progress made over the years. It is a fact of
phot ographer are becoming the I imiting facto
|l enseésr Oéica | enses performed very wel/ at t
your demands for image detail i's modest, y ou
new | enses which perform outstandingly well a
a frequwWenoy 40f 12/ mm. Let us say that the idee
of 100%. Then ol der Leica | enses have a | evel
average 90 %. I f you use 40% of its maxi mum | e
give you hz28%uameént ones 36 %, not as much di ff
exploit both generations to the full extent .

but it illustrates the point. To appreciate t
to investgyoaedeni me in mastering it. 't i s v
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[ u
y

o]
a
h
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a so tion. I al so exposed to some |
sal l d ins cfuascste dmaannyd dsetsuidgne ddeplart ment
e same design program (Code V). It i
requi rements, the solutions wil/|l be
it would nevemavke bbekenmedi hbdseahd t oc¢
nses are manufactured for a | ong peri
ning of the design, some exceptional |
ve signifi claenntsl,y eovne nt hteo d\aoyc,t iasuxl ong o
arameters set by that | ens. But gener ¢
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on of designs and note that a part.
tive lieenss.t oAntdh et hliensaplpilnes of al |
a |l ens can be evaluated at 30 or mor e
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sign and manufacture of |l enses (aber
oal . Theiqudkifiypwi hasnpopbgoessedl t hr ol
he designs and -Bhemi-dnse3/ 90 eASRH, | i
EM mdr 2t 8/ 2 4 minl, ma&krh & : 2A p8d/ 1 8 O-nel yatn d Apo
280 mm, cite only a offew meaxgampglueasl,i trye
in 35mm photography. The o
l ook at. Leica can design a
l ens fr om aneoltehneern tnsa ntudt ac
ame. The Leica | ens wild.l h
e for sample, as tol erance:
enjoy the quaé¢iwytbfaheica

e
s
e
g
t

SO TS9O T SO T TITOSIOONOYOMNS TTOWN T TTTIO
D »n

-
Q
©
D
-
—
C ~+

0
mpl i sh
u

: et critical eye and at the ¢
stry as a whol e.

O TYWITOSHFLTITFTTLVOT -/ TOOOS +TTOPOT NS TTOODONO®»O T

TTODTOM®S — "
~“ VDO —abhd<—OS

—=®n =0 < 0 ~

6.2 The question of focal length

The choice of the specific focal l ength of
for itsemeghomo | ens the 90mm, but only on
we are used to series of numbers | ike shut
obey a factor of 2 for its progression. The
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wel Ild kmeowneancl early that the numbers its:
reme

ere is the square root of 2, which
e quite | arge and so we can i m
rc ppotposes an increment of 26
or increments in focal | engt h @
the mathematically inclined: e
| sl e rpioesss ivbhliec hf occoavierlsengt hs.

ar
aphb
t f
for
e aa

>

able carefully, we wi l f
ear that the choice of a fo
g to noeeitbat bubheb53ali se @&n
gth of many ‘standard’ l ens
ose 90mm or 85mm is not cl
p [ al viosumenwvweniaewrctertai
C onsideration when di s
uld |Iike to draw attent
s t hree udiefsf earne nt angl
ich the rectangul ar for mat
n nd a vertical angl
he hoForobhhal angl
6 4, 56 and 37. It

di agonal, so
king photadgrdambes,t owe hat
scene is covered by the
, which is invariably sm
i nt ment sometéemes noted w
in practical situations.

oo
w
©
IN
ul

® g

N

I
5
3 1

izont al angle of view of 90°, i's part

u
t
I

| ar
0O ¢
St

courtyard or room with such an a
over this angle iiseapfprom.hdBaeanm an
eps, we would get 18mm, 25mm, 35 mr

280 mm, 400 mm, 56 0mm,b o800 nanr.e Tohuwei tleens e
wi t h

the exception of the 21mm and t he

t h Visseosf:| ex00,en280, 450e0r,i ess6 0 sanld ,8 24!,. 5T0h e 1l
C: here t
crement,
o]
0

he 80 and 90 are the odd ones. A
so starting with 900 the series w

and ntghéhsf avwalll dI éoec o me: 18 mm, 21mm , 25m

6 7mm, 102 mm. I f a 900 angle is the base

Page 223



| | cfor web

that half that figure (450) has also some |
has a diagonal ofn 43mme whi B ocowWeer scaan c a
coverage of 450 needs a focal l ength that i
|l ies a partial explanation for the choice
El max/ EIl mar .

i c u
en this combo: t he 0400 film and a 1:2
s recorded the most ompelling i mages in
xties the wurld ifmart eamyjIExmm of h altesgr apher ,
practise the art ofBrtehsestopnr €) ewas saapbhnt

h was SMAteetd faitr s2t0,0 Ab
| S
c

6.3 50mm

The focal l engthm dfesbmet ddsad the “stand:
format. There are however, no hard or fast
the notion that the standard | ens should h:
the negative ar ewe tFlbe di 2@ XBHBIMM negradgdt |y
most standard | enses of 50mm focal l engt h .
of almost 10mm and too | arge to be inconse
has it that the mdglensf(abewtofil7ttHegseanies
a natur al vi ewing angle of the human =eye.
supported by research. The angle of view o
details is maintainedi, ails aalgdet i 230 1dédgrdegy
angle of 45 to 50 degrees has no speci al s
psychol ogi cal and a technical argument that
l engt h. | f we | ook at a ipagonalwi25c ndi nmeetn st
cl osest nor mal vi ewi ng di stcaalclee d 2ccecmt)r et heef
perspective, corresponding to the optical
|l ocation of the eye , we | otohke acte ntthree poifc ttuhr
negative at the sharpness plane. At this d
area without eye movement, providing for e:
of 50mm is a very good compr omisseanlet ween
excell ent optical correction. I n the worl d
|l ooked for a suitable | ens, the focal l eng
good corrections. This might have inspired
range The 50mm focal l engt h, combined wi
wor khorse of all Leica photographers since
reflect on the enduring popularity of the 1
advanegcesemul sion sensitivity. When the Summ
nomi nal speed of 1 SO 50 (Kodak Verichrome)
I n t hfei fmiidkes the | SO400 speed baXrpier had I
w h t her-ena Saheéy ma
t h

h a

S i

t o

l ens with an aperture of 1, 4. Any additio
emul sion whil e ghnetsisng wiars ‘mowai lweld |lceo mka
The slender depth of field at that | arge aj
to the i mage. The need for such a | arge ap
pictures of Eri cH aBal omMdire &6 mEwrivarnr kxre ¢
demanded in the early fifties as coated 1,
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including Leitz became avail abl e. These | ens
addi tional photons. But the photons on their
waher ed around not fully controll able. Aberrat
to be polite, was just acceptable. The Leitz
the M series camera was the first to offer a
of fering very good quality, was introduced ir
Leicaflex wuser had to wait till 1970 before
redesign in 1978 improved the quality. Il n th
made somen ffeampts in speed/ granularity relatic

el ectronic |l as |l essened the need for high
demi se of ype of | ens. More so as the 5

f h
this t
being repl ad edodm’ aof s2&MIEBmMm to 70mm focal (I

The 50mm focal l ength has | ost a bit of its
phot ography. The 35mm focal l ength wil/ cover
format diagonal hasea$tsesemsa folbeaaghatofab3dma
would regard this 35mm medium wide angle | en
photography. I n my personal view (no scientif
l ens 1is stildl one of 49 hwelmossuivieed atto | & Wwiedhes e
Ssubjects and situations, from environment al [
and | andscapes I n fact hardly a subject e X
recorded by a 50mm | ens.

6.3.1 3.5/50,Anastigmat/Elmax,1925,
Theirst l ens, desi gned -Lbeyi cMd x Blenree ko rfi gri ntahh e s
with the calculations have the signature of v
years before the actual producti on. I n those
page) . The intriguing fact is the constructic
l ens, composed of three el ements. The wusual
avoidance of the Tessar patent. But this pat:
presumeduicbhif on date of 1924/1925, would not f
he woul d adopt a ‘“classical’ construction.
(Anastignat and EIlI max together) is wel/l bel o\
El mar was compcwetded landi sp rnoods t unl i kely that
woul d exi st in march 1925 (introduction of t
solved a few months | ater and could be anti
introduction of theacElimar  ,ruaf todr tthlree Ed hmarxt, pr
that will probably never be solved. The paten
answer. The EI mar delivers different i mage qu
The complelxemeinrteel asdti fcfampudnento ipsr oduce and
been the solution | ooked for.
Figure 85 di agram 43
At full aperture the overall contrast is | ow
bit softly. The performance fsoewiceemce to co
strong astigmatism and field curvature. Quite
the centre is of very good quality. Stopped ¢
visibly and now we have a remerpakltwrgood i m;
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ar ea. The difference between the tangenti e
which does soften the rendition of fine de
more balanced performance in this respect.

Berek with the argument to redesign the EI m

6.3.2 3.5/50,Elmar,1925, 3.5/50,Elmar,1932
and later years

This |l ens is part of the Leica | egend and
have a date of May 6t h, 1925ddotri drhifsorl ens
more than 35 years in countless versions,
nightmare. Al most half a million have been
Leica |l enses ever produced til lwhRiOOW. Optic
did not change its overall character. Chan
sur faces, di fferences in di stance from pos
application of coating did not enhance the
gperture and I-gplwasnsuneberrf accfesaicroul d contr ol
reflections very well. The serial number ,
versions (581501) is not fully correct. Wh
from Oclt9odble,r (from seri al number 580401) it
has been reserved or | enses, i ssued to mil
read that coated |l enses wil/l not be made
“Kriegshetechte(swar correspondents and of fi
Figure 86: diagram 44

Figure 87: diagram 46

On axis and tildl an image height of 6 mm,
rendered wi th l ow to medi um cloent rtalse . I n
performance drops significantly. Finer det;
fair amount of astigmati sm, curvature of '
stopping down to 1:5. 6, the image quality
meli um contrast over most of the image fiel
reduce the definition of fine detail i n th
performer and is quite able to defend its
moder. atWel yshoul d however put the perfor man

Compared to tMel:ccar8/em@mmlimari s of | ow cont
crisp and transparent recording of very fin

6.3.3 2.8/50,Elmar,1957

Thi s l ens was me dve sli ggmtehda nwimt hg | talses e s us e
Summi cron version and the LaK9 glass can b
Anal ysi s by modern computer based design
configuration show that ¢éhepbasi & Oeisbgnhei s
old masters no doubt .! I f advances are to
selection. I nevitably, ol der glass types wi
designers were forced to adapti rmioz atthieosne c |
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s also shows that the gains are relati
he i mage quality of this |l ens is quite
s and specifically the cdateirrsge of sur f
i ons. I n many situations, the use of ne
mance of a | ens, as the designer wi | |
teristics of the new glassThe order to
ed e&lmefnadnt hree group design of the EI mar
ant aberrations. And we know that do
of aberrations by at | east 6 to 8 ti
to correct this higher | evel of opt
|l ass to improve the | ens, but the p
psible mount made the | ens mount a
newerd wnier si on wi t h mu c h better i mage q
2.8/ 50mm never went beyond prototype stat
S
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Figure 88: diagram 47

At full aperture the |l ens hasummiowopbpverall ¢
and the El mar 3.5 version. Coarse detail i s

[ s blurred in the outer zones (beyond

es overstretch the desigdoand spheric
e contrast. It delivers however an e
field, which i mproved rapidly when stopping
good and better than that of the original EIl r
needsi uitm and now we have a very good centre
I trailing behind. Compared to the Sumn
erence in fingerprint. The EI mar has the

mmi cr onn itsheb eftitedrd.i At 1: 8 we find very finct
e Summicron (lI1) from 1957). Th formanc
€ u
r

i
do
t h

er
F ement design with the gl ass- es then
formance.

6.3.4 2.8/50,Elmar-M, 1994,

I ntroduced in 1994 as a speci al |l ens, only t
body, it has evolved into a nor mal : but un
Producti on however was continued during 199
complreededsyi gned | ens is amazingly good and noc
bet ween the second and third el ement. One mig
has been fully explored and in a sense that i
extractf omommaencpeerout of the design, showing th
possi bl e, . The -Bilrdonbmmcs ofsthbheeEl mMhAer exter
closely resembles the previous version, and
di stance ringcepsasymbéblrythe compact size whi
mount -riost antoinn g .
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Figure 89: diagram 48

At  full apeMtades tmediEUmMmatro high overall c
Fine detail is rendered cri sipll yi sovreeac amodse d
with great clarity and sharp edges. This b
t he Summi cr on crrin) from 1969, at apertur
comparabl e, with the Summicron having an a
(anal areas from i mage height 9 mm) t he E
Summi cron has better imagery in the centre
but the EIl mar records fine textures with gr
.6 or E8.ma,r timproves visibly with a higher
ndition of (now) very fine detail. The f
Il ds at these apertures too. Only in the
vantage.tiCemphded Ebmar, we see the prog
capabilities of recording fine detail,|, wh i
moder ate with the previous versiMnON. Vignet
than with the deavioabl vershencandent Summi
down to lup2.@Ber fGlronsaen c e, even at full aper
El mdsr but | ess so wietrtsitome previous EI mar

5
r

h
a

(e elNe

6.3.5 2,5/50,Hektor,1930

or is the fihsghatstpempt Ieyns, i with

‘“compounded ttroi pdleas s assurtfhaicse so naen c
nwanted reflections and fl are. The
e glass types wil ablcohatlaenercaltied
m T, and he reserved the term for
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i's al so olearyansceenss.i t@nwee miog hptr oldeu
l ens as a bridge between the E
with a higher speed | ens to cop
and 73 wer e debsOingm ecdo uilnd pbaer aa | ced s
derivative of the 73mm version
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and at 1: 8 we
Omm at 1: 3. 5.

e 4 i s better
t
t
i

-

nd reakEll-Margood qual it
a more apt compari sol
n h contemporary E

c <

e image qual

h hi gher | ev .
o a higher d

n

e

e Hektor has
from centr e EIl mar h a s
ormance over picture ar
compared to the EI mar with 1 stop

a
t he
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6.3.6 2.0/50, Summar, 1933

fi+ stpeidghh ens for the Leica, again desi gl
ern set by the 6 el ement Cooke design, a
abilapdaretsur eTheef 1: 2 was 1 2/ 3 stops faster
now the Leica wuser could truly [
nitio of photography has it. The
roi h u éires isamamse, olpdtitc awi tcel | . I n
15 Rei chsmar k, against the EI mar
he workhorse under the standard | ense
any photodramhaind!| idt wattihondicamperture

—t

n

gi
of 7
[ t
rs m
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re 91: diagram 50

«
c

Summar 1:2/50mm exhibits a | ow contrast [
ence of astigmatism in the outer zones a
s of the fTiendldet adl whi chngs va the |1 mpr
arpness. Coar se det ai | i s clearly visiltk
ormance on axis6mm) Il 1l s aquitmageormme gddblod
ition of fine detdaieldgies )t mapi chage beicelmeé s
e soft. On axis we can detect 80 to 11
h Here we may note another gener al
g problem for dentsheeasxigalerarsanice a
n free, by nature so to speak. Refer
n the centre of the | emosr/lidnage are n
e
n
d
t

[o Rl BN O]

ver
e hi

formance. I 5 @diicerea dmdvesom®ntk o

and the <cen e performance, as r e
e image quality impr

over al coenth

to the u zones. Quite fine de

i

e
ness. The amount of vignetting

n to 1:4.5
I avwsda viesr yslgoohd |iymahg g
out

o cC T

z
e ‘wngwrttoolgsofgnehewebénsnpdeve t h
y as the extreme corner rays are
1: 5.6 overal/l contrast i mproves a
er zones of t he f ieelrdesharudally i mpr
s are stildl |l ar ge. At 1: 8 we have
which quality drops visibly.
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6.3.7 2.0/50,Summitar,1939 ,

Leitz however, kept on studying and i mprov
experiende,eywhiisceld t o good effect when t he
1:2/50mm in 1939. With he Summi-tfaour Leit z
group design, t hat shows many <characteri st
Aperture stops iwentt hteo Sumima.rs, Las ew ver si
There is some discussion i f this restrictecd
of aberration correction. It i's presumed t
woul d show diffractTher eanids ondhef actrualr sba:
assertion. It i s possible that probl ems wi
stop to cover a range from 1:2 to 1:16 ar
supposed to have a | amregtet ifrrgo,ntb wdti armeeadade rt hteo
Figure 92 di agram 51

This | ens has somewhat higher contrast and
bigger front l ens . l'ts gener al characteri
l'ts centr al nopai esfl gongdr da$si nst the reduct
i mportantly the Summitar i mproves rapidly
1: 2.8, we get medium overall contrast and
edges stay onutbkbe gohtessande. fTheeoprone an:
with blurred corners. At 1:4 we find very
zones improve very reluctantly when stoppir
and fine detaill asi recoaldeei wi $df go@diges. A
drops as <contrast i's reduced. Compared to
hi gher overal/l contrast, very good quality
power f ul renditi bn dhecdaefseaeitoohioné dener
on the same | evel as that of the Summar. T
di fficult 1 f at all/l to detect. Vignetting
| ower by the Swanynitclmam WiltH)h t he

6.3.8 2.0/50,Summicron collapsible, 1953

Af ter the introduction of the Summitar, t
explore this design as it was <clear that t
guality 2/50 | ens owast lod artintoisdali mpedird a nwcsee
the I imits of the diameter of the | ens mou
clear. When wider apertures were needed o
di ameter simply was t ood swmalplf.oayme epatmomutnt
for thenoldetl sy Mpeci fically mentions the re
pri me <characteristics. The first Summi cr or
parameters of the Summitars asnld gthhte ilncriesa sa
contrast | ens, and shares the optical “fing

As suitable glass types seemed to be the bi
designs, Leitz set wp oiutngd dwrmh 3gl dahe Ifabertat
effort was the introduction of the Summicrc
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completed in 1949 and employed the new | ant he
being offered by the Bsi taingh af inrerw Choanmpaud aBr @
became necessary in 1952 when Schott gl ass ha
design was first ‘tested’ in a Summitar?* di sc
one from 812242 to 812323 ands oamree ffrrooom 81234
September 1950. The first bat ch, assigned to
dated | ate 1951. This |l ens employed LaK9 gl as
documentation show that the | ens was designat
‘cron’ mi ght b egldaesr i (v@rdo winr ognl aksrsgn At full e
contrast is low to medi um, and coarse detail
of the image field, corners excepted. The fin
that of the Summitar. Very <critical i nspecti ol
Summi tar has slightly better centre perfor man
even performance over the whole i mage area. (
pai de neotrt enti on to an even coverage as this |
|l ens for the Leica system. Stopped down to 1
itself from the Summitar at the same apertur
coverage ofionemardetant is crisper. At 1:4 ver
mo s t of the image area with good clarity and
with fuzzy edges, due to a trace of astigmat.i
i mprovemewmtteri nzdrhees ocan be detected. The | ens
bright |light spots have extended Dblurred edge
aperture and is gone at 1:5.6.

6.3.9 2.0/50,Summicron, 1957
This Summicron versiomahased!| sltihgmt It yhedicfofl & raq

and i mproved performance. Now 4 |l ens el ement
di stance between the first and second | ens el
form 028mm to 1.52mm and théesbapetodb.the bas
been build it two versions, the standard ver
di stinguish it from the Collapsible version.
meter. A second version with Bahl eAB8Bended cl os
and an removable spectacle rangefinder attach
has the designation DR (Dual Range) or NF ( N
DR version have identical optical. cells and s
Figure 94: diagram 53

The rigid version of the Summicron 1:2/50mm ;
was on the drawing board sever al years earl i e
that were made availabl®odWyt dnd shibreg lwi dleegi ttzhr o
realized that the inherent instability of the
negative factor for the required optical i mg
Summi cron is the first Leicatloensrewiftult uirmage
direction. The designers now were free to wus
body and did not have to compnod miboai fer t he
Overall contrast at full aperture is medium
edes over a | arge part of the image area (til
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di fference with the coll apsible version is
i mage and a mar ked i mprovement iin the defi
sapping down one or two stops. The apertu
i mprovement in contrast and the centre per
areas. Very fine detail i s rendered with ¢
visibl et bluar raedbiby fl are and | ow contras
performance with only the outerupzones and
performance is acceptable at full apertur e,
to 1:4 or smabl extemndi ¢ hel sepbél of field

photographing at cl ose di stances when t he
Summi cr on captures a | evel of very fine
capabilities of the pgsaemdecless®lr sas Viilge eftitn

6.3.102/50,Summicron-R, 1964

The first Summicron for the Leicafl ex, i ntr
was t heR Ell:n2ar8i/t9 0. (the 35mm, the 135mm and
origin). This SQSwmmidcnond |l cdWlcdan,bea fmust ffor

be compared to the 1 meter [ i mit with the
focusing range asked for a different type

smal | at full apetdube aodthooeds abki wel sh
of t his | ens, when compared to other | ense
noticeabl e. Resear cdhmuH ad on s dicoaitl edd dteH atv e f
sharpness iIimpressionngndfa fhingharetlaeveli foft
mi ccroont rast) was enhanced. Lenses that <coul

had to be of higher contrast than was <cust
t he Summiwirtohn enhancedsuddantorfasrte fwaesc tti loen raen
these i maging characteristics.

Figure 95: diagram 56

With its | ower | evel of astigmati sm, spheri
has a medium to high overal/l cweitsnast at f
at t hat time (the then -cwstrem)t. SSItmop radndd
howevewetrlse oM gave better results. This cor
any lens is a compromise between sever al c
deségs wi t h a di fferent approach, expand e
sophisticated tools are able to balance th
degree. The reader wil/ become convinced (|
in thwotkdfrahas its own unique personality
evaluation of a Leica |l ens does not suffi ce
and differentiates the Leica | enses. Some
producetdheb Leitz factory in Rastatt, where
The Summi(Cclr)onhas better overall perfor manc:
the rangefinder system: generally we note
better redbcdeéd alevelAt full aperture we noi
contrast, and a crisp definition of fine d
Stopping down I mproves the performance SO0 m¢
for the M i mpr ovSausmmiRe r(el )t haannd tnhieg ht be th
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perfor mer as this | ens had a more favourabl
becoming smaller. The i mproved i mage quality
theweR si on a wider us efsulsme 4.t ebher @ haagaiin we n
to give one overall performance measure to ap
to be balanced and the compromise wild/ be dif
bad guys with high srpaesetd, |ceonnsae sa nadr es pfhlearriec,a |l oc
and the design history of the high speed | ens
6.3.112/50,Summicron (lll), ,1969
The w=dwarent Summi cron 1:2/50mm was foll owed
ver si on. I't sharedi ecnanwi dest-Relfchas @GQmoB@emimi cr o
whi ch was introduced in 1964. The sixties w
photography and the criteria of | ens evaluat:i
contrast at the | imit fe@eimmt seonepobvidgdpowet

i mage qual.i
Summi-Rr and
designed a
replaced t
con
0.0

y t han a hi gh resol ving power
FHe 2MNi5Kkmr wer e probably the firs
ording to this rule. Both were ¢
|l mewnitocsonseévemrti ons, which were
rast . e lens el ements 4 and 5 are separt

t
7 mm!

T
«Q
c

re 96: diagram 54

ul I aperture over alalr sceo ndtertaasitl iiss hriegnhd;e rce
edge contrast over mo st of the i mage f
ition of very fine detail i's visible on
ones of the image. nThf stl genreffdr mance a
at 1:2. 8. Ef fectively the wuser wi ns
re are better controll ed, close up pel
e previous version. Onei sofa tshlei grhetalsyon s
di ameter of t h-eerlsaisotn |heands ael menehéani c
[ t hat needed a smaller diameter
enefici al effect oamet.he perform
ontrast i mproves significantly,
Th
c
t
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i s characteristic holds when

EZT

l ear definitirendiofi eergf fine
extur al details in the outer
is at the same | evel of perf
ast of the neweet obinmg Iig$ ves it
r, when compared wi t h t he seco
this | ens good for recording of

[
h
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6.3.122/50, Summicron-R (I), f, 1976 & 2/50,

mmi-r ¢gn VvV, 1979 eBoitdhenltemrsads iar desi gn and

rformance. The small di fferences can be att
the use of an awteogmatoinc adida mhrragqmeifn ntdlree K
eve si on. Both are Meaanmade denc edesdrgn.s Bet hwew e
are the same glass types and design. The | e

ek - N7,
STomcC
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in shapes of the rims of the | ens el ement s,
mounts and have no sigMahycawmder hod enbesi a
1950 are b#&#d3 edne onGatlilsesb $dieexs i g n, and without

| emppe is the best studied type in the wor
quality i magery, but as eitb evémyrdasioagnt
oblique spherioaldeabarmreatiaan ophd . fiThil erro
bal ance with third order aberrations, | et

aperture the more di st u8rOb,i ntghitshi de seirgrnort
reached its current zenith and | may add,
unl ess the designer departs form the basic
Figure 97: diagram 57 (R)

Figure 98: diagram 55: M

Five surfaces areeefsl dthe abméagdyr d,ort mdbter mad
at the same time simplifies the production
i mproved i magery and this is an outstandir
would have been-ciompasspbtieodn The pmproved
has been made possible through a higher cor
full apewdarusrieon hhreasM t he same overall contra
most visible i mpr ovreenmednitt iiosn tohfe tchrei sepx tarnedmec
on axi s, whi ch gi ve t he definition of t he
contrast of the fine details i mprove, as d
outstanding i mage qual iat t,r awiet b edininyd tthe «
Summi cron (lI1) at the same aperture exhibi
overall contrast is slightly reduced, and
the field has I mprobvetheaubiet. oHetbewe hehe
his subjects and demands very carefully:

aperture is 4, but for best definition of

5.6 might be more apa@amopndatate Sthenei fdiid
measured values, but the wuser may or may r
Photographic technique is the | imiting fact
course of these reviewb. aVighetSumagicsonat (t
up performance is much i mproved as is fl ar
hel ps here a |l ot).-eBDratweng. (Mostoofi am)e iad
apply +te®rshenRtoo. The Rhawserssd menwhatt fluwlwer
contrast over the wheftgi omag®ndiehdultd ahow
overestimate these differences. I made car e
a fractional di fference when shwoakimg in n
pictures in twilight and similar |l ow contr
more | mportance. At 1: 5.6 -vtéaesisonubasomnhe:
hi gher contrast and gives a truly outstand
hgiht of 9mm). The outer zonal areas have a
l ooks at the very ¥enei otexhasala demaiwhat
performance over the whole image field, b L
l enses ofd ec | arpiatryk | D f extremely fine det a
di fferentiate the R version has a slightly
to 1: 5ver stihben Rehows that typical dip in per
many Lei tlkede ngerse rodtaihanesMss hoanr edelR ver out s
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perfor mancwep adi sa amnlces eo f 1 meter, when stopp
phenomenon does show, as so often, that many
The old adagionl,y thhetc ar rleecntsedc afnor i nfinity a
drop in performance when <cl oser di stances ar
justification, but not always a practical rel
that at closerediasn ameeas @Qeofloamamt infinity
i's not true mat hemati cal infinity, but a val
design chapters).
6.3.131.5/50, Xenon, , 1935/1936 & 1.5/50,
Summarit, 1954

Most | ens aberrati onhse ngrtohwe da pseprrtouproer tii so ndaa veht e
designers were stil!l struggling to get decent
it seemed a bit rash to introduce a 1.5 | ens
those days and the advheneveonf Itohwee rc osleonusri tsilviid
the drive of the Leica photographer to captu
trace of |light, a 1.5 |l ens makes sense, even
have opted for the Schhei derekens®|l andodi d hao!
being created in the same period, i's a myster
of the Zeiss Contax RF with a good 1.5 | ens,
is sometimes asked why a rdeesamdhenotwouhd &théo
apertur e, as there seems to be only a smal/l [
of all, we have to realize that aperture storg
tolerance, just |ike fomgadt dreevmgdathsS &recbh®,) yi
a designer someti mes the borderline between
additional amount of rays might i ntroduce ab
correct To give a practicias$ 2Xxatmmeantd htodi a
a 1.4 aperture it i's 22.7mm. Such a differen
optical design. The Leitz Xenon all owed the
taking opportunities into hinlhye.r tWeiuglcth aird ed
300gr ams

Figure 99: diagram 59

The performance of the | ens at full aperture
intended wuse. Finer detail in the centre ar e:¢
with good vVvisibilntyastbuand het rveergy proens eqa@ e
especially in high contrast situations reduce
speed | engl avs 4§ hudd®oatied surfaces has a high |
tends to |lighten ahpideeper ahddbobtwuargasei hhe
being able to penetrate the shadows, where ir
hi gher density in the otherwise blank areas
coma introduces fl arehimdatlchgdd sar dihred qsup ¢ cu lda
romantic atmosphere of pictures taken with hi
those days visible in many picture exampl es.
guality very reluctantimanckt tha2. 8&iwe foirmdigan
finer details within visible range, but with
fine detail is quite soft. At 1: 5.6 perfor m
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still brmaned atgeéedhe @idee a
very weak and one has to stop down to 5.

e Summari-t 1:1.5/50mm i s a -rceofalteecdt i wenr si ©
ating as a tool the |l edssidgsiigaerisi moe

the use of <coat g. Coating can reduce r
ansmission, but l'y to a certain extent.
w. The centre ar (i ma(gwes uhaeli)g hfta naibloiuatr 4l
solution from 80 to 100l p/ mm, which is, |
e residual zonal aberrations degrade the
wn i mproves contrast ancec a@futaen ty: 3 h&twe ns
mpathy , but i s not equal to the conte
y higher <correction of aberration

he i mage quality of hiheh Summar.i

as no surprise, as both share
t is 300gr ams

i n
i n
on
e a

- 35
—_—

r [
r y
I o]

o v ®d

t
come
Wei gh

6.3.141.4/50, Summilux (I), 1959

e first Leica | ens in the 1.4/50mm <cate
mmar it with niewelkemd awastiypesoduddhed in 1
W and had the shortest I|ife span of any |
ch i mproved version,M tilhel . &4t 5I0ImmcuMhentf |
mmi |l ux has | ow ovemaltle worstihd et vatgnfedltli na
tops) an on axis coarse detail i's rende
ming bl rred when approaching the corr
becomes medi um iabnlde,f ianlebeddt awilt hi
he outer zones |, from i mage he
h fuzzy edges.

O N —™TO
5
()
wn
wn

«
c
—
()

100: diagram 60

characteristic of good on axis and wezé
rtfoe mperce evens up over the whole i/
ves again and the definition of t he

tion of finer det ai | on axi s. Stoppi
vement . At, aper haves oftiamamlilmage qua
Forups exrerofuosr ntalnocsee you -hdveFtarestop ¢
t at the wider -hpewbhubkasraypydpaptrolese
bright Il i ght srpiott,s . t hGosmp&u ramdi Ituox thhae
contrast and definition of fine det
Summi lux is at the same aperture st
e to remar k t h(altl )t haet calnlt eanpeorrtaurye s
the better 1 magery overall. Everyt
t and, as a comparison the other
(1) is at all apertures better tha

oSCLUoT-TQa T T 0
~®d® 3> ®d® "0 000
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6.3.151.4/50,Summilux (Il), 1961

y excell ent 1:2/50 Il ens -Gawmsde realize
as we noted during the Summicron di s
itional stop to tbehapeansirei onh. 1Add 4o

I to correct the increased | evel

at the wider apertures and
another ddomehsi anhpomase pQevae

crease with a factor 2 al

e with this new | evel of op
S wer ee®pemnioa li-$mgproiwet dam cteh e BM t

not feasible ergonomically a

n
to
i n
t |
n

«Q
c
-
0]

101: di agram 61

second (Canadian) design has a higher o0
very fine dagthaieldgies cromndearsed Wihtits Isecon
l ent i mage quality on axi s, but perf or meé
the outer zones. Coarse outlines and
det ai | theec oameds fpurzozgireers swhveerd yexstodndi
es. Stopping down to 1:2.8 improves
however visibly | ower an outer
thresholdsobeheaecepbodi ng i
|l enses and is an indicat.i
el Stopping down to 1:4 a
ristiaxiod peexrcded m beianme & o nwi t
nce in the field does not
first class and extends o
S

e

>5DO nwwm
TsQa T —~Q —
O - 0O —cC —_
—_
o
o0 =
e O

_h_.mgc—rmﬂ,_,._Ns
ja'm
—
o
<i

DO<D> 0O 0
®
R
ﬁr—k
-
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advantages specifBtapbgdwbdewn
[ rences are quite subtl e. Vigne
spe perf ormance is very good from 1:2. 8. St
zzy rings of halo and higlveconthrea ssthod ®enes
i mage area, cbonweashgamdcrndus soften the def
det ai | s. Compardd (161 ) hei Ssmmoaotempor ary, we
same gener al fingerprint. The Summilux verson
opneed up one stop.

onw3gow

TOFTWVLWOTOCTO T2 T PTO0OTKQOD® L - T
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6.3.161.4/50,Summilux-R (1), 1970

The Su-Rmill:ux 4/ 50mm has been i ntroduced at t
constitutes a Wetzl ar design and has an int
aperture it i s of sl i guhstiloyn laomwde r i tcsonbdna satx i |
performance extends over a wider area. 't al s
curvatur e, giving it vrprsowead sihmavge beu dleirt yf.
reduction thanks to the betterneaorhraescti on of
clearly to balance requiremenR si npgracivnesst possi
and is now as good and ewenlg HKHihti glheetrt ero ntt hr an
crisper rendition of fine detainlce) .i sStopped
i mproved visibly, thanks to a high contrast.
zones of the image field is a bit weak and br
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At this apertRrgl)heraSummilcarabneae sf otchues s hii
definition of smal | detail s at very big e
Summi | ux under went sever al det ai | changes
fingerprint.

Figure 102: diagram 62

Around 1980 there iIis da, camdgéensegpradecnio
classified in groups -loénsfeosc)a,l Huwetnga hcdmpe
met hod is used to adjust the correct focal

El pcrlod d&us attachments caR wida hwoudad pwiotbH etmse

6.3.171.4/50,Summilux-R (1), 1998

Thi s-eéiegnetnt design shows a significant i m
designs. The performance in the field is ¢
l-l4eica | ens, t hgati nidaeglei vieu asl iotuyt swhaenrd i snt op p i
respect it i's bett eMvetrhsainont haen dc uervreenn t b rS unngr
Summi cron quality and more to a 1.4 design.

Figure 103: di agram 63

At full apertuReexhiebinttsy -tB@adngmbhimoeat cheset he
is visibly above the | ower contrast of the
performance as conventional wisdom wi || t e
degrade contrast. The additiomadf efiigdltdele
curvature. Fine detail is very clearly renct
of astigmatism and field curvature in the ¢
of 9 mm. From there the qualitdyaserg dragdgual
in previous designs. At 1:2 overall contr a:
as good as that of the current Summi cr on
performance from 1:2.8 to 1:4 isryal most i d
fine detail is recorded with excellent cl ar
the outer zones. I n the far corner area a
Stopping down from 1:2.8 to 1: 4atgraardeual |y
now recorded with that lucid clarity that c
the Summilux surpasses the | evel of i mage
f/11.0 diffraction starts to | osepr the con
performance (1 meter distance) i's at al |
underexposure failed to bring out strong Vv
negligible. Suppression of |l i ghtarmdal os aro
careful compari sonMsh@®mm sai dvine d hteh €S uURNMV d rusi
a slight edgesh@henebkarpgmnassent i s quite s
are very wel/l preserved in the unsharpness

The new -Bubmil]| 4 kx5cOe | d fefnetr si nreage qual ity and

now shoot i n avail abl e darkness and ful |y
emul si ons. For my comparison shots | use K
still give the best mocrobendeédsni (readoéd
fine 1image detail s. Stopped -RIolwas otnleatst op
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en idly rendered crisp de
i eascr dihmg ¢ &ap dleiilciat ise < u
e one offered by all/l c
f w

i | ms. Kodachr ome 614

c
j t r
o d h
I 1

o
[42] O~ o c

o] temmieom éSmisnmi Opki ¢a3l a bet
e ( especially curvature of field an
om D2 e Summil ux -Rum@empaead D6 the Sumn
|
S

compari son-Rt & /tb0e t
rrat.i S
h
mmiM uhe differences at full mameret urse ar e (u
S
0

m
a
1

re or |e v eerqsuiaoln, wbiunts tihne tRhe field, ad sig
opping down forges ahead with superior pertf

w3 —
O C TS

mmari zing: t-Re(Ill.L) 5d@e fSiutrmens | ulxe current stat
ertsirasmmdard | enses. I t -Rou(tlc)l alsys e d diraf dlr. t4d bl
ngt h. It edges -Rhgdd )ofantdhei Subimycrianpr ove
mmiMl (X 1) 1sdil &0t i Nioam compari sodM pictures wi
w compacabliaea mestopicture taking situ
he finest possible detailI(sl1dnd shade:
e stopped down to 1:2R8(lind las medi ur
tition.
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6.3.181.4/50mm Summilux-M ASPH, 2004

0}

evoluti-ome eod dtheaendhairgdh | ens came to a [
enties. The reason is quite simple: the cl
[ ative of the double Gaussmihemepoas eXxemrf
e neRv ISSummi4/ux0mm (I1) in 1998 | noted t
l ens was not yet over. We were encount
Dr . Mand | rr- had written theedefinitive &
tial of t DG cl ass of l enses. Hi s con
al photog y with focal l engths from
ntly suit nd could not be i mproved u
actumnit sg
|l enses

\' r

=<
n o<

h

a

sttrhaei design has- its i
d not be corrected
n
@
S

T DO CSD®DODOoO0n —+~—

fu
, astigmatism and cu
dudetiaohs and a soft

S@Q®>S — S *oC

of the i mage a

I d become. I n addi
¢ hmodbadtanbe of t
on the i mage qua

I d | ower the quality of th
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itations mddd¢ anlesepredeeddiilgetn so f baa sterdu |oyn
sign an enigma. And in fact devel opn
80. Wi th eight el ements the devel op
gl asses and e sdpebcei ab dnye ftihcei anmho d ebrunt
give a radical i mprovement . The Ce
d demonstrate this, but with eight
e nd a floating el ement, iidte was ver
he overall definition showed the fa
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character i stsipce eodf laelnls evse rayt hfiugghh apertur e.

i mage, you have the impression &hat you |
However good the mage quality wide open, t
when stopping down to f/2 and f/ 2. 8. 't is
contrast.

To be fair, it shoul d -sbpee erdo tl eedn stetsla ¢d omonsott u
wide apertures quite often and when then
guality is not the overriding concern of th
I n recent years we have seen only two new ¢
on the predexeSsmifhislux.hse/ S50emn (I 1) from 109
Voigtl ander Nokton 1:1.5/50mm Aspherical fo

The new -Bubmil 4kk50mm showed a significant i
down performance, based be setogtary | epectn

and the reduction of astigmatism and curva
(behind the stop) functions as a field fl at
apertures was also i mprovhed ,i masgpe.ciTaHd yov er
performance Wide open did follow the patte
i magery <can be xpected from f/ 2. From 2.8
expected fromRthQ/SSQermicin)nIe ®Rpeins t he Su
remalblky free from veiling glare, fl are aro
refl ected i mages

The Nokton has the <c¢lassical doubl e Gauss
aspherical surfaces on the |l ast I ens el eme
imhe outer zones when stopping down and a
Excell ent performance can be expected fron
tendency to veiling glare and overal/l cont
definitiadretafi |lfim on the soft side, but qu
the i mage area. Astigmatism and curvature
behaviour.

I't has however the -Mdbjeloh/ 5hmmlLea cde Siugnmi f
modebhetthe cl assical lines with seven el em
the second and third el ement. This 1l ens h
performance in the outer zones there is a
al so somefcetdat bDeéioaf ti on in the centre of
wi de open, but on stopping down the outer
contrast. The intended use for this | ens
phot ogr aphsyp eveidt f hidinKo-digK i mrit hi s year 50 vy
incidentally), where the coarser grain does
reproduction of really fine detail

Contrast versus resolution
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i s a persistent st argyh tchoantt ramsde ©an ho mth
uti on. There is a certain truth in thi:
The choice is only relevant for Ssyst
ation. I n this case thecomaysr de otmo aa poi
in i mage space, but the bundle of rays
I
0

- D0 "o
- =un—o

r

0

t

r

n

a certain ocation on the optical axi s wh
n starts t wi den. 't | sstobwaiouuts hasatt hée
t contrast, but this is not the | ocation o
d a wider bundle of rays, but more disper :
t resol uti esnp.eeldn |temes e p a xtlo f hiaghhh er if aa Ir amo
rration and then the designer could select
n was near the |l ocation of best resol uti
ween both choices was quihsemi maveima pract
y | ow amount of spherical error and then t
0

matically a high contrast and a high reso

@ D =

w approaches and a new Vision

e first fundament al departure tfhreom the DG
mmiM Ux 1. 4/ 35mm Aspherical in 1989. I n the
e designers stress the fact t hat t he new
rformance in the outer zones of the | ens. )
p heurifcaacle ss mu st be fully integrated in the
e ions. Here we detect the
c problem of a I ens fi
S astigmatism as examy
mputer find solu but you must first u
tigmati sm occur s, |l ens surfaces are re
e smtosan si mpl e solution. This approach: t
ution for a design problem is the basis o
rch for one special gl ass type with the re
s ogaitess and to understand it’'s potenti al f
d

u

basic specific
understand th

l utildn a | ens

-

e
e

, than to use two separate el ements whos
tion too.
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di scussed future trends in optical des
guestion to ask was whether a future
froamd tih. ed / S mnN S Pubk. The answer was th
but not at that moment. The Summi | t
od Ibaercgppemeando require a | evel of toler
series production, even with the higl
i nspections that is the hallmark of
celilghwi teh emkat s and some exotic gl a:
d breathtaking performances on paper.
for production as the mechanical pr c
wasl antaddiakieonalt wasda cl ear desigr
as compacNM Hh.s4/tthCemn.urBuwtntt BSas mdng 4 iugn
ous Vvision: thspee¢ednst aasmdatd bemr®» mien
true demoongptiraniombofiteicn this fi
needed to perform above nor mal requirem
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