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Intr oduction of the translation

This translationis madein attemptto understandhow professoryrjo Vaisala did
his wide-field Schmidt-\aisala telescopewhich carriesspecialhallmark of flat
opticalfocal plane,insteadof the ball surfaceof the classicabasicSchmidttele-
scopes.

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

Without publishingit (he thoughtit was bad idea dueto the focal surface
beinga non-flatone), he hadthoughtof the Schmidttelescopadealong before
of BernhardSchmidt. OnceVaisala sav Schmidts paperof 1931,he dugup his
notes,andwenton solving the “flattening of the focal surface” problem. But let
Liisi Otermatell thestorybelow.

Themotivationfor doingthisretype/translatiomesultsfrom wantingto under
standVaisala’s Anastigmatiadelescopdasheusedto call it), whichis now in use
andcareof our astronomyclub.

Reasonablyittingly, Y.Vaisala wasoneof the foundingmembersof our club
in 1928, official registrationis dated12. Januaryl929.

We planto modify this telescopea bit to usemodernelectronicsensorsput
it was madefor flat film (glassplate film!), andthosedidn’t needmorethanl
mm spacen front of the film cassettewith focal planebeing3.0 mm insidethe
cassettethedistancerom focal planeto field lensis somethindik e 4-5mm.

Making new focalfield correctoratlongerdistancg20-30mmaway) is in our
interest.

This dissertatiorcontainsclearespresentatiomf thedesignprinciples,which
| have beenableto find. (Besidesof my zeroknowledge of frenchlanguage,
which somavhatharmsthe understanding..)

The telescopeave have wasbuilt in 1934,andgotits “first light” in February
1935.(Sourcesappeato vary in detail, Otermasaysthatit becameoperationain
fall of 1934.)

From1935to 1950eghistelescopealongwith acreatve photographienethod
wasusedto find over 800minor planets anda few scoreof comets.

Duringits peak, Turku UniversityObsenatory’s searclprogramwasthe most
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2 L.OTERMA

productve minor-planethuntin theworld with everytwo out of threeminor plan-
etsbeingfound comingfrom there. Much like the positionwhich L.I.N.E.A.R.
hasnow attheturn of the 21stcentury some60 yearslatter.

Maker of this dissertationDoctorLiisi Otermawasoneof the principal peo-
ple atdoingthatsearchwork.

For translationl have employed (alused,somemight say) “free” translation
serviceby Altavista/Systrarcalled“Babelfish” availableon the Internet.
(http://www.altavista.com/)

The text is often verbatim copy of what Systran produces!

| have addedsomecommentavhich appealasfootnotesin the Otermas text.

As alwayswith machinetranslationssomeresultsare— lets say— hilarious,
atsuchmomentd may attemptto correctit a bit towardswhat!| have understood
thething to mean.(E.qg. “lame correctrice”Systrantranslateso “correctblade”,
butin thecontext it is “correctorglass”— atleastit is in our Finnishterminology)

All translation/revrite/english-grammagrrorsareall mine,| doknow | make

them(unintentionally though.)l don't indicatewhereraw Systranresultis used,
andwhatis “corrected”.

Matti Aarnio, TurunUrsaAstronomicalAssociation



Intr oduction

For pastfew decadeslarge apertureelescopesiave becomemoreandmoreim-
portantfor astronomyandfew relatedsciencefields. A thin correctorglassin-
tendedto remove the sphericalaberrationconstitutesan essentialpart of these
telescopes.This glassis usuallymadeof one planesurfacewhile the otherhas
very slight rotationsymmetricdeviation from plane. The first publishedsystem
of this typeis known as SCHMIDT [1], which doesnot exhibit comaaberration.
In this casethe correctorglassis placedin the centerof curvatureof a spherical
mirror. It is the systemmoreusedand SCHMIDT wasthe first to manugctureit.
This otherwiseexcellent systemhasone incorvenience:the image-surceis a
sphere. For significantly large view field the films andthe photographiglateg
mustbe deformedinto sphericalform, what canyield certainerror termswhere
precisepositionmeasuremens of interest.

A curvedfield canbe levelled by variousmethods.Simplestform is to usea
field-correctodensasproposedy PIAzzI-SMYTH in 1874.In the presentaset
is enoughto placea corvergentlensinto proximity of the image-surce,andto
changea little the distancefrom the correctorglassto the mirror andthe profile
of the corrector Thefirst telescopeof this type is the anastigmatidelescopeof
the University of Turku, manuficturedby Y.VAISALA [2]. A simple aplanatic
systemwith planefield will be obtainedby placinga correctorglasscloseto the
primaryfocusof ball-surfacemirror [3, 4]. In thiscasetheastigmatisnwill notbe
eliminated.Thefield will thusbenarraverthanif thecurve of field is correctecby
alensbut neverthelesshefield will be muchwiderthanin the caseof a parabolic
mirror. Moreover, thelengthof this systemdoesnot exceedthefocal length.

The correctorglasscanbe replacedby a lens. or several lensesof sphreic
surfaces Thefirst attemptof thistypewasprobablydoneby A. Kouri® underthe
directionof Y. VAISALA. A. KouRI replacedhe correctorglassby two lenses,
onecornvergent,the otherdivergentone,designef the sametype of glass.Such

11900to 1955, presumably

2therereally usedto be glass-platdilm until about1970es

3A. KouRrl: Korjauslasinkorvaaminerlinssisysteemilt aplanaattisessizlesloopissa,1938.
[In Finnish]Unpublishedvork in mastershesisfor the University of Turku sciencegaculty.
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4 L.OTERMA

combinationdoesnot presenthromaticaberration.

Latera greatnumberof variousmodificationsintendedfor varioususeswere
presented.For example HORST KOHLER gave an outline of suchin an article
on the developmentof the aplanaticsystems.[5]. It will be worthwhileto men-
tion thatKAY E. WEEDON collectedquite excellentbibliographyconcerninghe
Schmidtsystemandits modificationg6].

At theobsenatoryof the Universityof Turkul carriedouta plentyof research
concerninghetelescopegquippedvith acorrectorglass.Specificemphasisvas
on anastigmatisystemswith field correctorlens. As the resultsof thesearenew
in large part,it will be advisableto give a brief summaryof what! did underthe
directionof Y. VAISALA duringthesepastyears.

The ideato usea correctorglassto eliminatethe sphericalaberrationof a
mirror of telescopegoesbackto the year1924. Whenpreparinghis lessondor
thestudentsy. VAISALA drew into his pocket notebookdiagramsf anumberof
telescopesitilizing a correctorglass.Iln thesecombinationghe correctorglassis
locatedin ageneraposition,eitherin front of themirror, or behindthemirror, i.e.,
betweerthe mirror andthefocal surface? In this notebooka coma-freesystemis
givenasa particularexample.

Howeverthefirst practicalexperimentwascarriedoutin 1928.1n orderto find
of theconditionsof makingacorrectorglass we manufcturedacorrectorglassto
correctthesphericabberratiorof asphericamirror (oneof 40cmin diameterand
180cm of focal distance).This correctorglasswasplacedin betweerthe mirror,
andthe primary focus. The constructionof this telescopavasonly provisional.
It wasonly usedfor the studyof the system.It gave clearimagesbut thefield of
suchasystemis obviously small.

Onecouldaskfor thereasonwhy we madesucha system.It wasjust sothat
we could only a smalldisc of opticalglass® We could have used,certainly even
adiscoutof ordinaryglassto make a decentquality mirror, but atthattime of it,
andevenlaterthe prejudiceof the necessityof useof opticalglasswasprevalent.
As the light goesthru the correctorglass,it wasthoughtthatthe manufcturing
of it mustbe of sameperfectionasin the caseof anastronomicatefractorlenses.
To manufcturean astronomicatefractive objectve, oneneedsatherthick discs
becausehe curvesof the lensesforming it arerelatvely large. However in the
caseof the correctorglassthings are different. The correctoris plane-parallel
andcanbe quitethin. This way the changesn its form yield only smallchanges
to optical paths. Y. VAISALA did shov one very interestingexperiment: The
correctorglassof the anastigmatidelescopg500/1031),referredto above [2],
wasreplacedby anothey a very thin one (8 mm thickness).Deformingthis thin

4“Behind” heremeaning ‘after visiting givenoptical surface”, not physicalposition.
SY.VAISALA wasalsowell known for penry-pinching.



Researclon telescopesvith correctorglasses 5

correctorwith a weight of 8 to 9 kg did not have photographicallyobsenable
effectonthe quality of theimage.

Among our telescopeconstructionst is worth to mentionthe smalltesttele-
scope(apertureof 172 mm, focal length of 344 mm) composedf a spherical
mirror, a correctorglass,and a field correctorlens. The system,built during
spring 1934, is thefirst in the world of this type. Immediatelyafter this exper
imentwe startedto build largertelescopef thistype (500/1031).It hasflat focal
field covering 6§ degreesof arc. Fromautumof 1934this telescopeéhasbeenin
useof observingminor planetsandcomets.A bit smalleranastigmaticelescope
(380/688)wasbuild in 1939. It featuredocal field planediameterof 10 degrees
of arc.

Anastigmatictelescopesverebuilt alsofor otherobsenatories,andfor other
purposegincluding aerialand maritime photographyand photographingX-ray
fluorecentscreens.Presentlya new testtelescopas beingbuilt. It featurescor
rector glassdiameterof 0.90 meters,and hasfocal length of 2.50 meters. The
sphericalmirror is constructeaf 7 smallermirrors,which have speciaimounting
constructior{7, 8]°

Original purposeof thisdissertatiorwasto presenthemethodsandtheformu-
laswhich wereusedin Turku for calculationsof constructiorof the anastigmatic
telescopeshut during work this taskextended.l succeede@h improving some-
what the methodsandthe formulas,andfound new questions.As therehasnot
beenavailable comprehensie presentatioron this subject,| wantedto compose
a kind of handbookwhich could be usedfor this type of research.This is why
| decidedalsoto dealwith otherproblemshaving a closerelationshipwith this
research{partsl andll). Herea shortsummaryon the contentsof 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 startone dealtwith the problem
consistingin determiningthe profile of a correctorglasshaving a planesurface.
I develop the methodsto calculatethe correctorglassprofile up to 12th degree
terms,which correctsthe sphericalaberrationin the casethe mirror surfaceis a
genericrotationalsymmetricform, andwherethe distancerom correctorglassto
mirror is arbitrary

Oftenmirrorsaremadesolargethatthey do notobstructof evenconsiderably
slantedight rays. The correctorglassandthe mirror could be madeof samedi-
ameteravhenadiaphragmis placedhalfway in betweerthem. Thusfor sameex-
penseatelescopeavith largeraperturecanbemade.For exampleY. VAISALA has
appliedthis processvhile manufcturinganastigmatid¢elescopesAs the correct

6This telescopavasthe first attemptat a multiple-mirror system but it didn’t succeedueto
excessve flexibility of themirror supportgrid. The supportstructureis now ata museum.
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lensof field doesnot have an essentiabction on the effect of the displacement
of the diaphragmonewassatisfiedto seekthis effect by numericalcalculations
in a systemnotincluding/understanding correctlens. For the calculationof the
componentof the trans\erseaberrationone usedthe developmentsof the 5th
order For more perfectiononealsopresented simple establishmenof the for-
mulasby takingaccountf the possibilityof smallchange®f thedistancecorrect
mirror-blade.

As thechoiceof the null deviation zone(zoneby which thelight raysparallel
to the optical axis passwithout being deviated) plays a significantrole in the
caseof thecorrectorglasstelescopesandespeciallybecaus@nearrivedat rather
differentresultsin thisrespectpnestartschaptef3 [XREF!] with researchelating
to this question.Thenis shavn thatthe null deviation zonecanbe movedfurther
atanarbitrarydistanceby varyingthe curve of surfacedeformation—1 still study
the effectscauseddy turningover, or curvingthe correctorglass.To simplify the
calculations,| often assumehat the deformedsurface of the correctorglassis
towardsthemirror, othersurfacebeingplane.Whensucha systemis constructed,
photographidestscant easilydistinguishthemfrom the primaryimagesof stars.
If oneturnsover surfacedeformationtowardsthemirror, thisdisadwantagewill be
reducecconsiderablyA meansvenmoreeffective will beto curve the corrector
glass.

Researchrelatingto the anastigmatidelescopess presentedn the 3rd part.
The anastigmatisnwasableto be removed with afield correctorlens. It seems
to be arathergeneraluseto level thefield by a plano-cowex lens,placedsothat
theimagefalls very closeto the planesurfaceto thelens. Thisis why I initially
soughtthis simple and theoreticalcase. It resultsfrom it that one can use, of
course,a plano-conex lensasfield correctoy but thatthis factyields significant
distortion. This distortioncanbe eliminated,like Y. VAISALA proposed?2], by
usinga bicorvex lens. To remove the comawhich resultsfrom it, onemustthen
slightly move the correctorglasstowardsthe mirror andto remove the spherical
aberrationperfectly the correctorglassmustbe deformedin a slightly different
way thanif thelensis plano-cowex.

Thenl give completeformulasanda numericalexampleto build, andcontrol
ananastigmatisystemwithoutadistortion,by supposinghatthemirror is spher
ical. To searchthe possibilitiesof building systemsof this type andto seewhat
kind of degreeof perfectionis possible. Thesecalculationsshov that one can
remove fairly perfectlythe otheraberration®f the system put whatremainsis a
weakastigmatismwhichis growing with theincreasingdistanceof correctodens
to the photographiglate (focal plane). This effect canbe compensategartly by
increasinghethicknessf thelens.| alsocalculatedsmalltablesfrom whichwe
candraw the approximatevaluesfrom the curvesof thelens.

Moreoveronefreelyeligible sizewill beobtainedf onegivesupthesphericity
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of themirror. Thissizewill beusedto relative remove theresidueof theastigma-
tism atthe zoneof null deviation. Thenonecanusealittle wider focalfield. The
formulasof constructionandcontrol,in additionto theresultswill bepresented.

Still afreely eligible sizewill beobtainedf onedeformsalsothefield correc-
tor lens. With anumericalexamplel shav thatthis operatiormakesit possibleto
reducetheaberrationgonsiderably

Adding lensednto a systemobviously causexhromaticaberratiorto appear
Thenull deviation zoneshouldthusbe moved. This questionis treatedn thelast
chapter Calculationsshon thatthe chromaticaberrationis alwayssmallin the
correctorglasstelescopes.Perhapghe importanceof chromaticaberrationhas
beenexaggeratedThe comparisormadein betweena correctorglasstelescope,
and an achromaticdens objectve shaws that especiallyif they are astronomical
telescopesi.e., of fairly large opening,the effect of the chromaticaberrationis
tensof timeslower thanthatof secondarngpectrunpresentedby alensobjectve.
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Part |

General formulas of geometrical
opticsfor the co-axial systems

Let usstartby giving anumberof formulasof geometricabpticsfor the coax-
ial systemsTheseformulasareassumedo bewell known but arepresentedhere
initially to shaw theirform, andthesymbolsusedin thiswork, andthushavethem
easilyathand.

Chapter 1

Symbolsand Conventions

Figureg§FIGREF1]and[FIGREF2]areusedo illustratethegenerabymbolsused
in thiswork. In additionl introducethefollowing symbols:

1 1 1 1
0y = —; 0, = —: U’I’:s_'; gp:? (f = focallength)

v

v, = — tan u,,

P, wherethelight ray boressurfacer,
h,, distanceof point P, from opticalaxle.
Profile of refractve (or reflectve) surface:

1 1
g, =g,(h2) = é‘gyh?j-i- gh;‘j(gi-l-ﬂy)-l----. (1.1)

In the caseof a sphericakurfaceonewill have: 5, = 0.

9



Entry )
pupille Diafragma

Incoming
ray

>
I' = Image given by perfect system
A —terms show aberration offsets

' Surface v=
'indices n=

>
=

-s,

Chapter 2

Calculation of the behaviour of the
paraxial rays

We calculatefor v = 1,2, 3, - - -, k:

!

Qus = nl/(QV - 01/) Oyt+1 = 77
. 1—e,0, (2.1)
0, =0y — n_/Qus M+1 = 771/<1 - 61/0'”).

In the particularcasewheres; = 0,n, = nj, = 1, we have:
O = 77k0';c = U;c (1 - eyay). (2.2)

10



Researclon telescopesvith correctorglasses 11

In the caseof thereflectionwe calculateasif it wereaboutan infinitely thin
lenswhoseothersurfacewould be plane,andtheindex n = —1.

Chapter 3

Calculation of the aberrations of the
3rd degree

Calculationof theaberrationgor eachsurfacein turn.

A, = n(BAn+ QESAV%) L(For reflection:
Ayn = =2)
Bu - 51/141/ + ngQusAu

C, = 02A,+26,72QusA,— +A —

Du = QUAI/l
n (3.1)
B, = 0%A, +3022QusA, 2

1
+6u (3Aug - QVAIJ_)
n n

1 o 1
+ Ay——0A—),
B0, T oA
where:
I
o = X =) N1
p=2 nu 177u 1My Z "
In particular if surfacesaresphericalijt is usefulto state:
1
Ey = 5 Ty = Ev,
Mo Qus
1Ayz = 0—,” — % etc.
n n, n,
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whichwill give:

ag
— 42
AU = N,W&ys AV E

Bu == TI/AI/
Cl/ = TI/BV
1
Du = QVAIJ_
n
E, = 1,(C,-D,)
Seidelterms:
I = ZAV
1
= =Y 4,+> B,
q1
1 2
n = <> A +=> B, +> C, (3.2)
q1 q1
v = >D,

1 1
Vo= ?ZA,,—l—%ZBU—l—q—(BZCU—ZD,,)-i-ZE,,,
1 1 1

where,in the casethe objectis attheinfinity:

1
—=-X,.
q1
In generakase:
1 X,
- = 2 / / - 5M—1
a1 77p—1<Xp—10u—1 - 1)
(3.3)
N R
nﬁ(XuUu -1)
andcorversely:
1
77;2#1<_ + 5u71)
X'/ — q1
pu—1 , 1
0;#177“71(_1 + 5,U—1) -1
1
772(_ + 5u)
X — q1
# 1



Component®f the trans\erseaberrationandcurvesof focal surfacesin the
particularcasewheres; = oo, ny = nj, = 1:

Al
2—% = —ma(mi+ MP) | = (3mi + M)y
+mv2(IV =3 1) — 3V + - -
AL
’ fk = —M(mi+ M) - 2mi Myv, |l
+M11}%(|V—|||)+--- (34)
1
I3 = V=3Il
1
2 = IV-IL

Imagegivenby a perfectsystem(darkroomwithoutlens):

I}, = —ftanu; = fo;. (3.5)

Chapter 4

Calculation of the behaviour of the
rays

4.1 Trigonometrical calculation of the functioning
of a meridian ray

Initial data:
uy; X1, my (X, calculatedstarting
hy ~ m; + X, tanu; from relation3.3[XREF!])

13



14 L. OTERMA

_ Surface normal

Incoming ray

Optical axis

4.1.1 The diopter or the mirr or is rotation symmetric

Whoseprofileis givenby g, = ¢,(h2) which canusuallybe developedin the
form:

Gy = a2 + bt + .

Presumedknown: u,, h,.
We calculatefor v =1,2,3,---,k

g = g(h}) [=(a +b,h50--)h} ]
da, (4.1)

= = 2 4 2 st ]
tan w, dh [ = (2a, +4b,h; +---)h, |;
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Dependingonif we have diopteror mirror:

in the caseof adiopter:

1, = Wy, — Uy
.y Ny . .
sine, = —-Sini,
u, = w, — 1, = Uyt
Calculationby successie approximations:
hu 1 = hu_ _gu+egj+gu 1) tanu,4q
{ o ;(lz . +) " (4.2)
Goi1 = Gupl 1/+1)’
in the caseof amirror:
u, = —2w,+u, =u,q
Calculationby successie approximations:
{ hyrr = hy — (gu + e;/ + gu+1) tanu, 1
gv+1 = 9u+1(h,2,+1);
whatgivesfinally:
v = hi — (s}, — gx) tan uj,. (4.3)

4.1.2 The diopter or the mirr or is spherical (the radius of cur-
vature not beingvery large)

Startingpoint of calculation:

(Sil’l il)O = (XIQI - 1) sin (51
sin il = (sin il)O —+ my 01 COS U1 (4 4)
orwell: '
sini; = (zpsinu; + 21 cosuy)p,

wherexy, z; arethe unspecifiedpunctualcoordinatesf the incidentalray,
comparedo the centerof curve of surfacer = 1.

Presumedknown: i,_,; u,,_; = u,.
We calculatefor v = 2,3, - - -, k:

for refraction:

Ill/_1 - Tv—10v
for reflection:

I, =— r00 (4.5)
for both:

L—l = Izlj—l - Qud—l -1

R A b
sini, = I, ,sini,  +U,_;sinu,_;;
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Figure4.2: figure3
FIGURE3 FIGURE 3 FIGURE

diopter:
o n, . .
sing, = — SI 7y
14
u, = Uy + by = T, = Uyi1; (4.6)
mirror:
i, = iy
u, =— 20, —uy,
whatgives,in final term:
iy = [resinigy, + (r — s),) sinuy] : cos uy. (4.7)

4.2 Calculation of the behaviour of an arbitrary ray

Startingdata:
&1,m,C¢ consinudirectof theincidentalluminousray,
X1, My, m; coordinatgpointwheretheray boresthe pupil of input,
comparedo thenodeof the 1stsurface.

4.2.1 The diopter or the mirr or is a surfaceof revolution
whoseprofileis givenby:

90 = gu(h})
which canusuallybe developedin theform:

gy = ayh® +b,ht 4 ---.

Presumedknown: . _
9v-1,Y, 1,4, 1 co-ordinate®f thepoint P, ; wherethelight ray bores

surface(v — 1), comparedo the node,
S M, 1,C, 1 cosinedirectof therefractedor reflectedray.

Usedvariables: _
Euns Mum, G thecosinedirectorsof thenormalon surfacer atpoint P,

t, the P,_; P, distance.
The problemconsistdn calculatingco-ordinatesg,, 4., z,, of point P, and
thecosinedirectors &/, 17.,, ¢!, of therefractedor reflectedray.
To begin calculationoneposes:

! / !
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We calculatefor v = 1,2, 3, - - -, k:

For refraction:
Y = yzlj—l
51/ = zl/—l
n = 77111—1
G = Il/—l
= 2,
ty = (=gprte, 1+a): &
For reflection:
Y = - yzl/—l
51/ = - 511/—1
M =—- nzlx—l
G = zI/—l
z2, = 2z,
tl/ - (gufl + 6;171 + gu) : 61/

Iteratethesefour with successie approximations:

2

Yy =

[ Iv =
Continuing:

!/

9 =

gun =

T =

Cl/n =

Yo+t
Zl/ + tl/gl/
y/2 +Z/2
g,,(h?,)

dg,
dh,,

1

1+ g7

gzljgun y/
h, °Y

'

9,6um ’.

hy Y
v

[:(av+buhg+"')h?j]

[ = (2a, + 4b,h% + --)h, ]

(4.8)

(4.9)
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For dioptre:
2
oy (n_>
n, n,

COS 7:1/ == é-yé-yn + 771/771/72 + CUCUTL

2 2
, n n .
cosi!, =.|1— <—7> + (—7 oS z,,)
nl/ nl/

n
-/ 174 .
k, =cosi, ——cosi,

ny,

Ny
511/ = TL_'§V + kuéun

ny, ,

n = n—,m + kTl (4.10)

v

ny
<II/ = n_,C + kyCon;

v

(verification:
&+, +¢=1)

For mirror:
ky = _2(§V§un + Mvn + CVCI/TL)

§1I/ = 51/ + kugt/n = - &/—}-1
7711/ =N + kynun = —Th+1
Czl/ = CI/ + kugun = CI/+1

(verification:
&+ =1

andfinally:
o =(s'—ge) : &

ALy =y + i, (4.11)

Al =z + ¢, — 1.
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If it is aboutan asphericsurface,we calculatedistanceg, by successie ap-
proximationsashasalreadybeensaid. Soonthe otherhandsurfacesarespherical
(seed422 [XREF!]) one can calculatethesedistancedirectly startingfrom the
equation:

2 12 22 _ 2
xl/ +y1/ +Zl/ _Tu’

in which 2! /y! /=l arethe co-ordinateof point P, along the optical axis
comparedto the centerof curve O, of surfacev. It is not donenot needto
write the cosinedirectorsof the normal; they aresimply representedy: &, =
-2 0uy  Mun = —Y,0,, Cm = —%,0,, andwe canjoin togetherp, andcon-
stantk, in anew y, = —k,o0, constant. However, if the radiusof the surface
cunatureis quitelarge, it is appropriatdo calculatethe distancesteratively, even
if surfacewerespherical.

4.2.2 The diopter or the mirr or is spherical (the radius of cur-
vature not beingvery large)

Presumednown: _
Ty, Y, 2, CO-ordinate®fthe P,_; pointwheretherayborerssurface(v — 1),

comparedo the centerof curve of surface v,
&, mv, ¢, cosinedirectorsof theluminousray falling on surface v.

Thegeometricainterpretatiorof thesymbolsuseds givenin figure3 [XREF!].

We calculate:
A, =z + Y + 20
N =AY —al -y -
B, Ay + 72 (B,o, > 0)
t, =-A,— B, (4.12)
1':/ =T, + tué-u
Y, =Y+t

PN
o~
|
N
A
_|_
~
A
ké\
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for diopter:

I .
-1yt e, + T

2
n,

n
—B,— B
/ v
—_— nu
Xy = 5
/rl/
nl/
&, —,fu + x,,:v:j =&,
nl/
ny ,
Mo = 2+ XY, = i
nl/
nl/
Clll = _,<V+XVZII/ :CIJ—I—I
nl/
for mirror:
CL :Tu+€;j+ry+1
2B,
Xv ?“,%

= _£u+1
77’ =M + nyllj = —Tyt1
gl = CI/ + XI/ZII/ — C]/+1

ol /
Typy1=o,—C

—_ !
Yv+1 = Y,
_ !
Zyy1 = 2,
—_ / ,
Tys1 = —T, —C,
—
Yp+1 = — VY,
e !
v+l Z

(4.13)



Part I

Systemsconsistingof corrector glass
and concase mirr or

Chapter 5

Suppressionof the spherical
aberration of a concase mirr or by a
corrector glass

It is well-known thatthe sphericalberratiorof anopticalsystemcanberemoved
by meansof a thin with the aboutparallelfacesbut suitablydeformedblade. To

calculatethe profile of sucha glassplacedat the centerof curve of a spherical
mirror (known as Schmidtsystem) severalmethodswvereproposedln this work

I will presentheformulasfor amoregenerakasenamelyto cancethespherical
aberratiorof a concae mirror of ageneraform by a correctorglassplacedatan
unspecifiedlistancan front of the mirror (objectatinfinity).

The profile of a correctorglasscanbe calculatedobviously point-to-pointby
equalizingthe optical pathsfor all thelight raysparallelto the opticalaxis. In the
sameway onecancalculatethe directionof the normalon the surfacedeformed
ateachpoint. Theformulasnecessaryill begivento P1.2[XREF](5.2?)

Howeverit is oftenpracticalto developthedeformation(g;) in seriesandade-
velopmenuntil thetermsof thel12thdegreewill beestablisheih P1.3[XREF!](5.3
?).
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Figure5.1:figure4
FIGURE4 FIGURE4 FIGURE

5.1 Definitions and cornventions

Assumethe objectto be at infinity, the deformedsurfaceof the correctorglass
(v = 1) turnedtowardsthe mirror, othersurfacebeingplane(v = 0).

Usedvariables:
theindex of the correctorglass

thedistancefrom correctorglassto mirror

the heightof the zoneof null deviation of theglass

theradiusof curvature(positive) of aconcae mirror (v = 2) alongthe opticalaxis
thelengthof the normalto the mirror at point P, the heighthhh (seefig. 4)
differenceo — o

(positive) quantityg correspondingvith a sphereof radiusof curvaturer

thedistancemirror-hearth-image
2

h . .
92 = gr + 320 (1 - %) h2 profile of the concare mirror
2

PR S S

)

Cl'.)\ <3|

Surlignonsguantitiesrelatingto the heightof the zoneof null deviation.

5.1.1 Rigorouscalculation of quantities ¢g; and ¢}

For the heightof the null deviation zoneoneobtainseasilyon figure 4:

(5.1)
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To calculatethe behaiour of anemeging ray of the hearth(primary?)we obtain
then:

Commonpart:
g =T —\T>—h3
T
_ IA h% h2
g2 = grt 300 1—2—52 2

first alternate:

tanws, =gy = g+ Ap (1 — E%) ha
h
tanuy, = — 2
S — g2
Us = —2wq + U
secondalternate:

_ ha(1 = g5") — 264(s' — 9o)
2g5hs + (1 = g4°)(s' — 92)

In orderto remove the sphericalaberration the optical pathsof all the rays
parallelwith the optical axis mustbe madeequalto that of the axial ray. This
leadsto:

<n—\/1+tan2u2)glz e+s'—\/h%+(8’—92)2 (5.3)
—(e = g2)y/1 + tan? u,.

The correspondindneighton deformedsurfaceis then:

tan usq

hi = ha+ (—g1 + € — g2) tan us. (5.4)

Thedirectionof thenormalonthedeformedsurface,correspondingo this height,
canbe calculatedstartingfrom therelation:

sin u9 B tan us (5.5)

tanw; = gy = — = — ;
1 — COS Uz ny/1+tan?uy — 1
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relationwhich oneeasilydeducestartingfrom the condition:
nsini; = nsinw; = sin(w; — usg).

In particularwe find, thatwith 4, = A, equations.3[XREF!] canbewritten as:
172 a2 1 _
(=1 =5 +7 - A= =~ | = — jAlk .
E— I S
Thefocallengthof the systemcanbe calculatedoy the formula:

f=5[1+e(0' —20)] = e—s'(2e0 - 1). (5:6)

In theparticularcaseof asphericamirror (r = 7) thesformulascanbesimplified
somevhat. With the introducedsymbolsthe generalformula of reflectionfor a
sphericakurfacecanbewritten as:
1 1
+ !
o0+o2 0—0y

= 20, (57)

whatwill make it possibleto calculate(redoingequations.1[XREF!]):

1
SI = r — 5?«2 = l
r2 R o'
0.5 1 _
K = O.I — Q = 57" — 92
5y = —p4 0.5
andthen(redoingequations.2[XREF!)):
h2 hQO'Q
tanuy =

S2 + g2 1 + g20o
TODO PHASE:Subsectiori.3,page23.
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Anastigmatic telescopesvith field
corrector lenses
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