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Intr oduction of the translation

This translationis madein attemptto understandhow professorYrj ö Väis̈alä did
his wide-field Schmidt-V̈ais̈alä telescope,which carriesspecialhallmarkof flat
optical focal plane,insteadof theball surfaceof theclassicalbasicSchmidttele-
scopes.

The flatnessof the focal plane is mandatorywith modernelectronic(e.g.
CCD) sensors.

Without publishing it (he thought it was bad idea due to the focal surface
beinga non-flatone),he hadthoughtof the Schmidttelescopeidealong before
of BernhardSchmidt.OnceVäis̈alä saw Schmidt’s paperof 1931,hedugup his
notes,andwenton solving the“flatteningof the focal surface”problem.But let
Liisi Otermatell thestorybelow.

Themotivationfor doingthisretype/translationresultsfrom wantingto under-
standVäis̈alä’sAnastigmatictelescope(asheusedto call it), which is now in use
andcareof our astronomyclub.

Reasonablyfittingly, Y.Väis̈alä wasoneof thefoundingmembersof our club
in 1928,official registrationis dated12. January1929.

We plan to modify this telescopea bit to usemodernelectronicsensors,but
it wasmadefor flat film (glassplatefilm!), and thosedidn’t needmore than1
mm spacein front of thefilm cassette,with focal planebeing3.0 mm insidethe
cassette,thedistancefrom focalplaneto field lensis somethinglike4-5mm.

Makingnew focalfield correctorat longerdistance(20-30mmaway) is in our
interest.

Thisdissertationcontainsclearestpresentationof thedesignprinciples,which
I have beenable to find. (Besidesof my zero knowledgeof french language,
whichsomewhatharmstheunderstanding..)

The telescopewe have wasbuilt in 1934,andgot its “first light” in February
1935.(Sourcesappearto vary in detail,Otermasaysthatit becameoperationalin
fall of 1934.)

From1935to 1950esthistelescopealongwith acreativephotographicmethod
wasusedto find over800minor planets,anda few scoreof comets.

During its peak,TurkuUniversityObservatory’ssearchprogramwasthemost
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2 L. OTERMA

productiveminor-planethuntin theworld with everytwo outof threeminorplan-
etsbeingfound comingfrom there. Much like the positionwhich L.I.N.E.A.R.
hasnow at theturnof the21stcentury, some60 yearslatter.

Makerof this dissertation,DoctorLiisi Oterma,wasoneof theprincipalpeo-
pleat doingthatsearchwork.

For translationI have employed (abused,somemight say)“free” translation
serviceby Altavista/Systrancalled“Babelfish”availableon theInternet.
(http://www.altavista.com/)

The text is often verbatim copyof what Systranproduces!
I haveaddedsomecommentswhich appearasfootnotesin theOterma’s text.
As alwayswith machinetranslations,someresultsare– lets say– hilarious,

at suchmomentsI mayattemptto correctit a bit towardswhatI have understood
thething to mean.(E.g. “lame correctrice”Systrantranslatesto “correctblade”,
but in thecontext it is “correctorglass”– at leastit is in ourFinnishterminology.)

All translation/rewrite/english-grammarerrorsareall mine,I do know I make
them(unintentionally, though.)I don’t indicatewhereraw Systranresultis used,
andwhatis “corrected”.

Matti Aarnio,TurunUrsaAstronomicalAssociation



Intr oduction

For pastfew decades1 largeaperturetelescopeshave becomemoreandmoreim-
portantfor astronomy, andfew relatedsciencefields. A thin correctorglassin-
tendedto remove the sphericalaberrationconstitutesan essentialpart of these
telescopes.This glassis usuallymadeof oneplanesurfacewhile the otherhas
very slight rotationsymmetricdeviation from plane. The first publishedsystem
of this type is known asSCHMIDT [1], which doesnot exhibit comaaberration.
In this casethecorrectorglassis placedin thecenterof curvatureof a spherical
mirror. It is thesystemmoreusedandSCHMIDT wasthefirst to manufactureit.
This otherwiseexcellentsystemhasone inconvenience:the image-surfaceis a
sphere.For significantly large view field the films andthe photographicplates2

mustbe deformedinto sphericalform, what canyield certainerror termswhere
precisepositionmeasurementis of interest.

A curvedfield canbe levelledby variousmethods.Simplestform is to usea
field-correctorlensasproposedby PIAZZI-SMYTH in 1874.In thepresentcaseit
is enoughto placea convergentlensinto proximity of the image-surface,andto
changea little thedistancefrom thecorrectorglassto themirror andtheprofile
of the corrector. The first telescopeof this type is the anastigmatictelescopeof
the University of Turku, manufacturedby Y.V Ä ISÄLÄ [2]. A simpleaplanatic
systemwith planefield will beobtainedby placinga correctorglasscloseto the
primaryfocusof ball-surfacemirror [3, 4]. In thiscasetheastigmatismwill notbe
eliminated.Thefield will thusbenarrowerthanif thecurveof field is correctedby
a lensbut neverthelessthefield will bemuchwider thanin thecaseof aparabolic
mirror. Moreover, thelengthof this systemdoesnotexceedthefocal length.

The correctorglasscanbe replacedby a lens. or several lensesof sphreic
surfaces.Thefirst attemptof thistypewasprobablydoneby A. KOURI3 underthe
directionof Y. V Ä ISÄLÄ. A. KOURI replacedthecorrectorglassby two lenses,
oneconvergent,theotherdivergentone,designedof thesametypeof glass.Such

11900to 1955,presumably
2therereally usedto beglass-platefilm until about1970es
3A. KOURI: Korjauslasinkorvaaminenlinssisysteemill̈a aplanaattisessateleskoopissa,1938.

[In Finnish]Unpublishedwork in mastersthesisfor theUniversityof Turkusciencesfaculty.
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4 L. OTERMA

combinationdoesnotpresentchromaticaberration.
Latera greatnumberof variousmodificationsintendedfor varioususeswere

presented.For exampleHORST K ÖHLER gave an outline of suchin an article
on thedevelopmentof theaplanaticsystems.[5]. It will beworthwhile to men-
tion thatKAY E. WEEDON collectedquiteexcellentbibliographyconcerningthe
Schmidtsystem,andits modifications[6].

At theobservatoryof theUniversityof TurkuI carriedoutaplentyof research
concerningthetelescopesequippedwith acorrectorglass.Specificemphasiswas
on anastigmaticsystemswith field correctorlens.As theresultsof thesearenew
in largepart, it will beadvisableto give a brief summaryof what I did underthe
directionof Y. V Ä ISÄLÄ duringthesepastyears.

The idea to usea correctorglassto eliminatethe sphericalaberrationof a
mirror of telescopegoesbackto the year1924. Whenpreparinghis lessonsfor
thestudents,Y. V Ä ISÄLÄ drew into hispocketnotebookdiagramsof anumberof
telescopesutilizing a correctorglass.In thesecombinationsthecorrectorglassis
locatedin ageneralposition,eitherin front of themirror, or behindthemirror, i.e.,
betweenthemirror andthefocal surface.4 In this notebookacoma-freesystemis
givenasaparticularexample.

Howeverthefirst practicalexperimentwascarriedout in 1928.In orderto find
of theconditionsof makingacorrectorglass,wemanufacturedacorrectorglassto
correctthesphericalaberrationof asphericalmirror (oneof 40cmin diameterand
180cm of focal distance).This correctorglasswasplacedin betweenthemirror,
andthe primary focus. The constructionof this telescopewasonly provisional.
It wasonly usedfor thestudyof thesystem.It gave clearimagesbut thefield of
suchasystemis obviouslysmall.

Onecouldaskfor thereason,why we madesucha system.It wasjust sothat
we couldonly a smalldiscof opticalglass.5 We couldhave used,certainly, even
a discout of ordinaryglassto make a decentquality mirror, but at thattime of it,
andevenlatertheprejudiceof thenecessityof useof opticalglasswasprevalent.
As the light goesthru the correctorglass,it wasthoughtthat the manufacturing
of it mustbeof sameperfectionasin thecaseof anastronomicalrefractorlenses.
To manufactureanastronomicalrefractive objective,oneneedsratherthick discs
becausethe curvesof the lensesforming it arerelatively large. However in the
caseof the correctorglassthings are different. The correctoris plane-parallel
andcanbequitethin. This way thechangesin its form yield only smallchanges
to optical paths. Y. V Ä ISÄLÄ did show one very interestingexperiment: The
correctorglassof the anastigmatictelescope(500/1031),referredto above [2],
wasreplacedby another, a very thin one(8 mm thickness).Deformingthis thin

4“Behind” heremeaning“after visiting givenopticalsurface”,not physicalposition.
5Y.V Ä ISÄLÄ wasalsowell known for penny-pinching.
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correctorwith a weight of 8 to 9 kg did not have photographicallyobservable
effecton thequality of theimage.

Amongour telescopeconstructionsit is worth to mentionthesmall testtele-
scope(apertureof 172 mm, focal lengthof 344 mm) composedof a spherical
mirror, a correctorglass,and a field correctorlens. The system,built during
spring1934, is the first in the world of this type. Immediatelyafter this exper-
imentwe startedto build largertelescopeof this type(500/1031).It hasflat focal
field covering

����
degreesof arc. Fromautumof 1934this telescopehasbeenin

useof observingminor planets,andcomets.A bit smalleranastigmatictelescope
(380/688)wasbuild in 1939. It featuresfocal field planediameterof 10 degrees
of arc.

Anastigmatictelescopeswerebuilt alsofor otherobservatories,andfor other
purposes(including aerialandmaritimephotography, andphotographingX-ray
fluorecentscreens.)Presentlya new testtelescopeis beingbuilt. It featurescor-
rectorglassdiameterof 0.90 meters,andhasfocal lengthof 2.50 meters. The
sphericalmirror is constructedof 7 smallermirrors,whichhavespecialmounting
construction[7, 8]6

Originalpurposeof thisdissertationwasto presentthemethodsandtheformu-
laswhich wereusedin Turku for calculationsof constructionof theanastigmatic
telescopes,but during work this taskextended.I succeededin improving some-
what the methodsandthe formulas,andfound new questions.As therehasnot
beenavailablecomprehensive presentationon this subject,I wantedto compose
a kind of handbookwhich could be usedfor this type of research.This is why
I decidedalsoto dealwith otherproblemshaving a closerelationshipwith this
research(partsI andII). Hereashortsummaryon thecontentsof this work.

The 1stpart givesa numberof generalformulasof geometricopticsandthe
generalsymbolsusedin this work. Topicsof the 2nd part relateto the systems
madeup of a mirror anda correctorglass. To startonedealtwith the problem
consistingin determiningtheprofile of a correctorglasshaving a planesurface.
I develop the methodsto calculatethe correctorglassprofile up to 12th degree
terms,which correctsthe sphericalaberrationin thecasethemirror surfaceis a
genericrotationalsymmetricform, andwherethedistancefrom correctorglassto
mirror is arbitrary.

Oftenmirrorsaremadesolargethatthey donotobstructof evenconsiderably
slantedlight rays. Thecorrectorglassandthemirror couldbemadeof samedi-
ameterswhenadiaphragmis placedhalfway in betweenthem.Thusfor sameex-
pense,atelescopewith largeraperturecanbemade.For exampleY. V Ä ISÄLÄ has
appliedthis processwhile manufacturinganastigmatictelescopes.As thecorrect

6This telescopewasthefirst attemptat a multiple-mirrorsystem,but it didn’t succeeddueto
excessiveflexibility of themirror supportgrid. Thesupportstructureis now ata museum.
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lensof field doesnot have an essentialactionon the effect of the displacement
of thediaphragm,onewassatisfiedto seekthis effect by numericalcalculations
in a systemnot including/understandinga correctlens.For thecalculationof the
componentsof the transverseaberrationone usedthe developmentsof the 5th
order. For moreperfectiononealsopresenteda simpleestablishmentof the for-
mulasby takingaccountof thepossibilityof smallchangesof thedistancecorrect
mirror-blade.

As thechoiceof thenull deviationzone(zoneby which thelight raysparallel
to the optical axis passwithout being deviated) plays a significant role in the
caseof thecorrectorglasstelescopes,andespeciallybecauseonearrivedat rather
differentresultsin thisrespect,onestartschapter3 [XREF!] with researchrelating
to this question.Thenis shown thatthenull deviation zonecanbemovedfurther
atanarbitrarydistanceby varyingthecurveof surfacedeformation.– I still study
theeffectscausedby turningover, or curvingthecorrectorglass.To simplify the
calculations,I often assumethat the deformedsurfaceof the correctorglassis
towardsthemirror, othersurfacebeingplane.Whensuchasystemis constructed,
photographictestscan’t easilydistinguishthemfrom theprimaryimagesof stars.
If oneturnsoversurfacedeformationtowardsthemirror, thisdisadvantagewill be
reducedconsiderably. A meansevenmoreeffectivewill beto curve thecorrector
glass.

Researchrelatingto the anastigmatictelescopesis presentedin the 3rd part.
The anastigmatismwasableto be removedwith a field correctorlens. It seems
to bea rathergeneraluseto level thefield by a plano-convex lens,placedsothat
the imagefalls very closeto theplanesurfaceto the lens. This is why I initially
soughtthis simple and theoreticalcase. It resultsfrom it that one can use,of
course,a plano-convex lensasfield corrector, but that this factyieldssignificant
distortion. This distortioncanbeeliminated,like Y. V Ä ISÄLÄ proposed[2], by
usinga biconvex lens. To remove thecomawhich resultsfrom it, onemustthen
slightly move thecorrectorglasstowardsthemirror andto remove thespherical
aberrationperfectly, the correctorglassmustbe deformedin a slightly different
way thanif thelensis plano-convex.

ThenI givecompleteformulasanda numericalexampleto build, andcontrol
ananastigmaticsystemwithoutadistortion,by supposingthatthemirror is spher-
ical. To searchthe possibilitiesof building systemsof this typeandto seewhat
kind of degreeof perfectionis possible. Thesecalculationsshow that onecan
remove fairly perfectlytheotheraberrationsof thesystem,but whatremainsis a
weakastigmatismwhich is growing with theincreasingdistanceof correctorlens
to thephotographicplate(focal plane).This effect canbecompensatedpartly by
increasingthethicknessof thelens.I alsocalculatedsmall tablesfrom which we
candraw theapproximatevaluesfrom thecurvesof thelens.

Moreoveronefreelyeligiblesizewill beobtainedif onegivesupthesphericity
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of themirror. Thissizewill beusedto relativeremovetheresidueof theastigma-
tism at thezoneof null deviation. Thenonecanusea little wider focal field. The
formulasof construction,andcontrol,in additionto theresults,will bepresented.

Still a freelyeligiblesizewill beobtainedif onedeformsalsothefield correc-
tor lens.With anumericalexampleI show thatthisoperationmakesit possibleto
reducetheaberrationsconsiderably.

Adding lensesinto a systemobviouslycauseschromaticaberrationto appear.
Thenull deviationzoneshouldthusbemoved.Thisquestionis treatedin thelast
chapter. Calculationsshow that the chromaticaberrationis alwayssmall in the
correctorglasstelescopes.Perhapsthe importanceof chromaticaberrationhas
beenexaggerated.Thecomparisonmadein betweena correctorglasstelescope,
andan achromaticlensobjective shows that especiallyif they areastronomical
telescopes,i.e., of fairly large opening,the effect of the chromaticaberrationis
tensof timeslower thanthatof secondaryspectrumpresentedby a lensobjective.
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Part I

General formulas of geometrical
optics for the co-axial systems

Let usstartby giving anumberof formulasof geometricalopticsfor thecoax-
ial systems.Theseformulasareassumedto bewell known but arepresentedhere
initially to show their form, andthesymbolsusedin thiswork,andthushavethem
easilyat hand.

Chapter 1

Symbolsand Conventions

Figures[FIGREF1]and[FIGREF2]areusedto illustratethegeneralsymbolsused
in this work. In additionI introducethefollowing symbols:����� 	
�����
 ��� 	������
 �� � 	� � � ��� � 	� � � � focal length������������ �"!#� $% � wherethelight rayboressurface & ,' � distanceof point

% � from opticalaxle.
Profileof refractive (or reflective)surface:( �)�*(�� � ' �� � � 	+ ��� ' ���, 	- '/.� � � ���,10 � � ,32�2�254 (1.1)

In thecaseof asphericalsurfaceonewill have: 0 ���76 .
9



Figure1.1: figure1

n’  =  nµ µ+1n nµ1
...

1 ... µ

−X 1

Incoming
ray

pupille

m

1

1

M

P
1

Entry
Diafragma

O
bj

ec
t

l1

P
k

Pµ+1
P

M’

m’

µ

µ

µ

l’
J

∆
∆

L’

l’

ν=
n=indices

Surface

X’µ s’

−s1

n n ’...
k k

kµ+1

k

k

l’ 
 =

 Im
ag

e 
gi

ve
n 

by
 p

er
fe

ct
 s

ys
te

m
 −

te
rm

s 
sh

ow
 a

be
rr

at
io

n 
of

fs
et

s
∆

Chapter 2

Calculation of the behaviour of the
paraxial rays

Wecalculatefor & � 	 $ + $�8/$ 2�2�2 $�9 :: ��;<�3=�� � ���>� 
 � � 
 �@?BA<� 
BC�	 �ED C� 
 C�
BC� �����)� 	= C � : ��; F���?BAG�HF � � 	 �ED C� 
BC� � 4 (2.1)

In theparticularcasewhere 
 AG�76/$@=IA<�3= �J � 	
, wehave:

� � J �*F J 
 �J � 
 �J JLK AM�@NBA � 	 �OD �� 
 �� � 4 (2.2)

10
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In thecaseof the reflectionwe calculateasif it wereaboutan infinitely thin
lenswhoseothersurfacewouldbeplane,andtheindex =P�Q� 	

.

Chapter 3

Calculation of the aberrations of the
3rd degree

Calculationof theaberrationsfor eachsurfacein turn.R � � F .� � 0 �5ST��= , : ���; SU� 
= � 1(For reflection:ST�5=��V� +
)W � � XL� R � , F �� : ��;YST� 
=Z � � X �� R � , + X[�5F �� : ��;YST� 
= , ST� 
=\ � � ���5SU� 	=] � � X �� R � , 8^X �� F �� : ��;YST� 
=, X[� � 8^ST� 
= �_���5ST� 	= �, 	F �� : �@; � SU� 
= �_����ST� 	= � $

where: XL� � �`a N � D �a K A= �a K A F a K AYF a � �ba N �dc a K A 4

(3.1)

In particular, if surfacesarespherical,it is usefulto state:e ��� 	F �� : ��; � f ��� e � $
1 gihkjlnm jpohl o h�q j hl h etc.
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whichwill give:R � � F .� : ���; ST� 
=W � � f � R �Z � � f � W �\ � � ����SU� 	=] � � f � � Z �>� \ � �
Seidelterms:r � ` R �rsr � 	tuA b R � , b W �

rsrsr � 	t �A b R � , +tuA b W � , b Z �rwv � ` \ �v � 	t �A b R � , 8t �A b W � , 	txA � 8 b Z �>� b \ � � , b ] � $
(3.2)

where,in thecasetheobjectis at theinfinity:	tuA ���)yU� 4
In generalcase:	tuA � y �a K AF �a K A � y �a K A 
 �a K A � 	 � �OX a K A

� y aF �a � y a 
 a � 	 � �OX a (3.3)

andconversely:y �a K A � F �a K A � 	tuA , X a K A �
 �a K A F �a K A � 	tuA , X a K A � � 	
y a � F �a � 	tuA , X a �
 a F �a � 	tuA , X a � � 	 4



Componentsof the transverseaberration,andcurvesof focal surfacesin the
particularcasewhere ��AG�{z , =|A<�*= �J � 	

:+ SU} �J� � �)~PA � ~ � A ,�� �A � r � � 8 ~ � A ,�� �A � ��A rsr, ~PAY� �A � r�v ��8 rsrsr � �E� �A v ,32�2�2+ S�� �J� � � � A � ~ � A ,�� �A � r � + ~PA � A��pA rsr,�� AY� �A � rwv � rsrsr � ,*2�2�2	� �� � r�v �E8 rsrsr	� �� � r�v � rsrsr 4
(3.4)

Imagegivenby aperfectsystem(darkroomwithout lens):} � A � � � �@� �"!�A�� � ��A 4 (3.5)

Chapter 4

Calculation of the behaviour of the
rays

4.1 Trigonometrical calculation of the functioning
of a meridian ray

Initial data:!�A � ynA�$@~PA ( y�A calculatedstarting' A<�7~PA , ynAk�@� �>!�A from relation3.3[XREF!])

13
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Figure4.1: figure2
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4.1.1 The diopter or the mirr or is rotation symmetric

Whoseprofile is givenby ( ����( � � ' �� � which canusuallybedevelopedin the
form:

( �)�*�k� ' �� ,1� � '/.� ,*2�2�254
Presumedknown: !���$ ' � .
Wecalculatefor & � 	 $ + $�8/$ 2�2�2 $�9 :

(�� � (�� � ' �� ��� � � ��� ,�� � ' �� 6 2�2�2 � ' ��>���� �i��� � � (��� ' � � � � + ��� ,1�^� � ' �� ,32�2�2 � ' � � � (4.1)
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Dependingon if wehavediopteror mirror:

in thecaseof adiopter:� � � ���>�E!��� � � � � � � =��= � � �¡� � � �! � � � ���>� � � � �H!#��?BA
Calculationby successiveapproximations:¢ ' ��?BA£� ' �>� � �"( � , D � �¤, (���?BA � �����>!��@?BA(���?BA¥� (���?BA � ' ���?BA � �

in thecaseof amirror:! � � � � + ��� , !����3!��@?BA
Calculationby successiveapproximations:¢ ' ��?BA£� ' �>� � (�� , D � � , ( ��?BA � ��� �>!#��?BA(���?BA¥� (���?BA � ' ���?BA � �

(4.2)

whatgivesfinally:} �J � ' J � � � � J �¦( J � �����>! �J 4 (4.3)

4.1.2 The diopter or the mirr or is spherical (the radius of cur-
vaturenot beingvery large)

Startingpoint of calculation:� � � � � A �¨§ � � y�A©� Aª� 	 � �¡� �>!�A�¡� � � A£� � �¡� � � A �¨§ , ~PAL� A¬«5­ � !�A
or well:�¡� � � A£� �¯® A �¡� �)!�A ,1° A¬«5­ � !�A � � AL$ (4.4)

where ® A , ° A are the unspecifiedpunctualcoordinatesof the incidentalray,
comparedto thecenterof curveof surface & � 	

.
Presumedknown:

� � � K A � ! � � K A �H!#� .
Wecalculatefor & � + $@8/$ 2�2�2 $©9 :

for refraction:± �� K A � 
�� K A©���
for reflection:± �� K A �V� 
�� K A©���
for both:² �� K A � ± �� K A �³����D �� K A � 	� � � � � � ± �� K A �¡� � � � � K A , ² �� K A �¡� �)! �� K A �

(4.5)
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Figure4.2: figure3
FIGURE3 FIGURE3 FIGURE

diopter:� � � � � � � =��= � � �¡� � � �! � � � !#� , � �"� � � � �H!#��?BA �
mirror: � � � � � �! � � �V� +�� �"��!#��$

(4.6)

whatgives,in final term:� � J � � 
 J �¡� � � � J , � 
 J �1� �J � � � �"! �J ��´ «[­ � ! � J 4 (4.7)

4.2 Calculation of the behaviour of an arbitrary ray

Startingdata:µ A�$@FkA©$@¶xA consinusdirectof theincidentalluminousray,ynA�$ � A©$@~PA coordinatepoint wheretherayboresthepupil of input,
comparedto thenodeof the1stsurface.

4.2.1 The diopter or the mirr or is a surfaceof revolution

whoseprofile is givenby:( �)�3( � � ' �� �
whichcanusuallybedevelopedin theform:( �)�*�k� ' �� ,1� � '/.� ,*2�2�254

Presumedknown:( � K A�$@· �� K A $ ° �� K A co-ordinatesof thepoint
% � K A wherethelight raybores

surface( & � 	
), comparedto thenode,µ �� K A $@F �� K A $�¶ �� K A cosinedirectof therefractedor reflectedray.

Usedvariables:µ � ¸k$@F�� ¸/$@¶[� ¸ thecosinedirectorsof thenormalon surface & atpoint
% �¹ � the

% � K A % � distance.
Theproblemconsistsin calculatingco-ordinates ( ��$@· �� $ ° �� of point

% � and
thecosinedirectors

µ �� $@F �� $�¶ �� of therefractedor reflectedray.
To begin calculationoneposes:( § �76¬$ D � § �V��y�AL$ · �§ � � AL$ ° �§ �*~PA 4
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Wecalculatefor & � 	 $ + $�8/$ 2�2�2 $©9 :

For refraction:·�� � · �� K Aµ � � µ �� K AF�� � F �� K A¶L� � ¶ �� K A° � � ° �� K A¹ � � � �"( � K A , D � � K A , ( � � ´ µ �
For reflection:· � �V�º· �� K Aµ � �V� µ �� K AF � �V�ºF �� K A¶[� � ¶ �� K A° � � ° �� K A¹ � � � (�� K A , D � � K A , ( � � ´ µ �

(4.8)

Iteratethesefour with successiveapproximations:»¼¼¼¼¼¼¼¼¼¼¼½ ¼¼¼¼¼¼¼¼¼¼¼¾
· �� � ·�� , ¹ ��F��° �� � ° � , ¹ �5¶[�' �� � · � �� ,�° � ��(�� � (�� � ' �� � � � � ��� ,�� � ' �� ,*2�2�2 � ' ��>�

Continuing:( �� � � (��� ' � � � � + �k� ,O�p� � ' �� ,*2�2�2 � ' � �µ �¡¸ � 	¿ 	 , ( � ��
F �¡¸ �V� ( �� µ � ¸' � · ��
¶[�¡¸ �V� ( �� µ � ¸' � ° �� �

(4.9)
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For dioptre:=��= � � � 	 �ÁÀ =B�= � �/Â �«[­ � � � � µ � µ �¡¸ , F��5F �¡¸ , ¶L��¶[�¡¸
«[­ � � � � � ÃÄÄÅ 	 �ÆÀ =B�= � �¬Â � , À =��= � � «[­ � � � Â �9^� �*«[­ � � � � � =��= � � «[­ � � �µ �� � =B�= � � µ � , 9p� µ �¡¸

F �� � =B�= � � F �� , 9p�[F � ¸
¶ �� � =B�= � � ¶ , 9^��¶[�¡¸ �

(verification:µ � �� , F � �� , ¶ � �� � 	 �
For mirror:9^� ��� + � µ � µ � ¸ , F��5F�� ¸ , ¶L�5¶L� ¸ �µ �� � µ � , 9^� µ � ¸���� µ ��?BAF �� �*F�� , 9^�5F �¡¸_�Q�EF ��?BA¶ �� �H¶L� , 9^��¶L� ¸�� ¶[��?BA
(verification:µ � �� , F � �� , ¶ � �� � 	 �

(4.10)

andfinally:¹ � Ç � � � � ��( J � ´ µ �JS�� �J �H· �J , ¹ � J F �JSU} �J � ° �J , ¹ � J ¶ �J �O} �È 4 (4.11)
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If it is aboutanasphericsurface,we calculatedistances
¹ � by successive ap-

proximationsashasalreadybeensaid.Soontheotherhandsurfacesarespherical
(see422 [XREF!]) one can calculatethesedistancesdirectly startingfrom the
equation:

® � �� , · � �� ,1° � �� �*
 �� $
in which ® � ��É · ���É ° �� , are the co-ordinateof point

% � along the optical axis
comparedto the centerof curve Ê � of surface & . It is not donenot needto
write the cosinedirectorsof the normal; they aresimply representedby:

µ � ¸Ë�� ® � � ���^$ F � ¸Ì�Í�)· �� ��� $ ¶[�¡¸Î�Í� ° �� ��� $ andwe canjoin together��� andcon-
stant 9^� in a new Ï �Ð�Ñ�Ò9^����� constant.However, if the radiusof the surface
curvatureis quitelarge,it is appropriateto calculatethedistancesiteratively, even
if surfacewerespherical.

4.2.2 The diopter or the mirr or is spherical (the radius of cur-
vaturenot beingvery large)

Presumedknown:® ��$¤·�� $ ° � co-ordinatesof the
% � K A point wheretherayborerssurface( & � 	

),
comparedto thecenterof curveof surface & ,µ ��$<F �^$�¶[� cosinedirectorsof theluminousray falling onsurface & .

Thegeometricalinterpretationof thesymbolsusedis givenin figure3 [XREF!].

We calculate:

R � � ® � µ � , · �5F�� ,�° ��¶L�c � � R �� � ® �� �E· �� � ° ��W � � ¿ c � , 
 �� � W �����ÔÓ�6 �¹ � �Q� R �)� W �® � � � ® � , ¹ � µ �· �� �3· � , ¹ �5F �° �� � ° � , ¹ ��¶L� �
(4.12)
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for diopter:Õ � � ���)
�� , D � � , 
���?BA � =��= � � � À =��= � �kÂ �
W �� � ÃÄÄÅ À =��= � � Â � c � , 
 �� � W �� ����Ó³6 �
Ï � � =B�= � � W �"� W ��
 ��µ �� � =B�= � � µ � , Ï � ® � � � µ ��?BA ® ��?BA<� ® � � � Õ � �
F �� � =B�= � � F�� , Ï �5· �� �HF �@?BA · �@?BA<�H· ��
¶ �� � =B�= � � ¶L� , Ï � ° �� �*¶[��?BA ° ��?BA<� ° ��

for mirror:
Õ � � �*
5� , D � � , 
��@?BA
Ï � � + W �
 ��µ �� � µ � , Ï � ® � � �V� µ ��?BA ® ��?BA<��� ® �� � Õ � �F �� �*F�� , Ï �5· �� ���)F �@?BA · �@?BA<�V�)· ��¶ �� �H¶L� , Ï � ° �� � ¶[�@?BA ° ��?BA<� ° ��

(4.13)



Part II

Systemsconsistingof corrector glass
and concavemirr or

Chapter 5

Suppressionof the spherical
aberration of a concavemirr or by a
corrector glass

It is well-known thatthesphericalaberrationof anopticalsystemcanberemoved
by meansof a thin with theaboutparallelfacesbut suitablydeformedblade.To
calculatethe profile of sucha glassplacedat the centerof curve of a spherical
mirror (known asSchmidtsystem),severalmethodswereproposed.In this work
I will presenttheformulasfor amoregeneralcase,namely, to cancelthespherical
aberrationof a concave mirror of a generalform by a correctorglassplacedat an
unspecifieddistancein front of themirror (objectat infinity).

Theprofile of a correctorglasscanbecalculatedobviously point-to-pointby
equalizingtheopticalpathsfor all thelight raysparallelto theopticalaxis. In the
sameway onecancalculatethedirectionof thenormalon thesurfacedeformed
at eachpoint. Theformulasnecessarywill begivento P1.2[XREF](5.2?)

Howeverit is oftenpracticalto developthedeformation( (kA ) in seriesandade-
velopmentuntil thetermsof the12thdegreewill beestablishedin P1.3[XREF!](5.3
?).

21
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Figure5.1: figure4
FIGURE4 FIGURE4 FIGURE

5.1 Definitions and conventions

Assumethe object to be at infinity, the deformedsurfaceof the correctorglass
( & � 	

) turnedtowardsthemirror, othersurfacebeingplane( & �76 ).
Usedvariables:= theindex of thecorrectorglassD thedistancefrom correctorglassto mirror'

theheightof thezoneof null deviationof theglass
 theradiusof curvature(positive)of aconcavemirror ( & � +
) alongtheopticalaxis
 thelengthof thenormalto themirror atpoint

% � theheighthhh(seefig. 4)SÌ� difference�)� �( Ö (positive)quantity ( correspondingwith asphereof radiusof curvature
� � thedistancemirror-hearth-image( � �*( Ö , A� Sn�×À 	 � ' ��+ ' � Â ' �� profileof theconcavemirror

Surlignonsquantitiesrelatingto theheightof thezoneof null deviation.

5.1.1 Rigorouscalculation of quantities ØIÙ and Ø�ÚÙ
For theheightof thenull deviationzoneoneobtainseasilyonfigure4:

( Ö � 
Ò� ¿ 
 � � ' �( � � ( Öª, A� 
 � � ' �
� � � A� 
 � � ' �¿ 
 � � ' � , ( � 4 (5.1)
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To calculatethebehaviour of anemerging ray of thehearth(primary?)we obtain
then:

commonpart:( ÖÛ� 
Ò� ¿ 
 � � ' ��( �Ö � ' �¿ 
 � � ' ��( � �3( Ö , A� SÌ� À 	 � ' ��+ ' � Â ' ��
first alternate:�@� ��� � �3( �� � ( �Ö , Sn�×À 	 � ' ��' � Â ' �

�@� �>! �� � ' �� � ��( �! � ��� + � � , ! � � 4
secondalternate:�@� �>! � � ' � � 	 ��( �� � � � + ( �� � � � ��( � �+ ( �� ' � , � 	 ��( �� � � � � � �¦( � � 4

(5.2)

In order to remove the sphericalaberration,the optical pathsof all the rays
parallelwith the optical axis mustbe madeequalto that of the axial ray. This
leadsto:Ü =n� ¿ 	 , ��� � � ! �@Ý (kAG� D , � � � ¿ ' �� , � � � ��( � � �� � D)�¦( � � ¿ 	 , ��� � � ! � 4 (5.3)

Thecorrespondingheightondeformedsurfaceis then:' AG� ' � , � �)(�A , D��¦( � � �@� �>! � 4 (5.4)

Thedirectionof thenormalonthedeformedsurface,correspondingto thisheight,
canbecalculatedstartingfrom therelation:��� ���<AG�*( �A ��� � � �"! �=Ì�E«5­ � ! � �V� �����)! �= ¿ 	 , �@� � � ! � � 	 $ (5.5)
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relationwhichoneeasilydeducesstartingfrom thecondition:= � � � � AG�H= � � �i��AG� �¡� � � �<Aª�E! � � 4
In particularwefind, thatwith

' AG� '
, equation5.3[XREF!] canbewrittenas:� =n� 	 � ( A �H� � , ( � � A� 
 �¿ 
 � � ' � �V�ÆÞß ( �Ö¿ 
 � � ' � � 	+ Sn� ' � àá 4

Thefocal lengthof thesystemcanbecalculatedby theformula:� �{� � � 	 , D � 
 � � + � � � �7D)�1� � � + D^��� 	 � 4 (5.6)

In theparticularcaseof asphericalmirror ( 
â� 
 ) theseformulascanbesimplified
somewhat. With the introducedsymbolsthe generalformula of reflectionfor a
sphericalsurfacecanbewrittenas:	� , 
 � , 	��� 
 �� � + ( � $ (5.7)

whatwill make it possibleto calculate(redoingequation5.1[XREF!]):� � �3
Ò� A� 
 �¿ 
 � � ' � � 	
 �ã � 6 4åä
 � �³� � 	+ 
Ò� ( �

 � �Q�Ô� , 6 4æä( � , ã $

andthen(redoingequation5.2[XREF!]):��� �>! � � ' �� � , ( � � ' � 
 �	 , ( � 
 � 4
TODO PHASE:Subsection1.3,page23.



Part III

Anastigmatic telescopeswith field
corrector lenses
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