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ABSTRACT. An optical design for telescope with
spherical primary mirror, planoidal surface and two-lens
corrector is discussed. The spherical mirror has an
aperture ratio 1/2.69. After reflection from the spherical
mirror, the wave front falls on a planoidal surface and
“forms” the reflected wave front from a virtual mirror
with e2 = 1.576. After passing the two-lens corrector, the
light is collected in the focal plane. A dot diagram in the
focal plane shows that all three-order aberrations are
successfully corrected. The effective field of view is 2
degrees. The aperture ratio is 1/2.28.

AHOTALIS. B 3aranpHOMY BHUIIAAI ONTHYHI CXCMHU,
sIKi OOTOBOPIOIOTECS B CTATTi, 0a3ylOThCS Ha BUKOPHCTaHHI
TOJIOBHOTO J3epKaiia 31 cepudHO0 ToBepxHew €2 = 0 i
BTOPWHHOT'O IUTAHOIHOTO J3€pKajla 3 MOBEPXHEIO BEJIMKHX
MOPSAKIB  OJM3BKOI0 JI0 TUIACKOi IOBEpXHi. XBUIEBHI
(GpOHT B TOJOBHOTO J3epKajia TPaHC(HOPMYETHCS
IJTAHOIMOM TaKWUM YHHOM, SIKOW BiH OYB BiIOWTHH JESIKUM
BIpTyaJlbHUM  J3€pKaJloM 3  Hamepelq  3aJaHuM
EKCLEHTPUCUTETOM.  JlyIi  TOmepenHbOro  BUSIBICHHSA
MOJIMBOCTEH TaKOTO pilIeHHs OyJIM PO3TISIHYTI CXEMH
TEJIECKOIIIB 3 TOJIOBHUM JI3€PKAaJIOM, JliaMeTp SKOTO CKIIaJae
60 cm. Takuii BuOip OyB OOYMOBIIEHHI THM, IO Yy Hac
ICHYIOTb ONITHYHI TM3aiHEPCHKI PIllIEHHS JUISl TEJIECKOIIIB 13
JI3epKajlaMH BKa3aHOTo JiaMeTpa.

3anpornoHoBaHa, K HaWOUIbIl mpuBabiIMBa  JUIS
peamizamii B AcTpoHoMiuHiH oOcepBaropii Onecbkoro
HaliOHAIFHOTO  YHIBEpCHUTETY, OINTHYHA KOHCTPYKIIis
TeJleCKona i3 TOJOBHMM  C(EepHYHHUM  JA3epKalioMm,
IUTAHO{MHIM [J3€pKajoM 1 IBOXJIIH30BHM KOPEKTOPOM.
Coeprune m3epkano wmae cBiminocwry 1/2.69. Ilicms
BiZOWTTS CBiTNa Bix chepuyHOTO A3epKana (ppOHT XBHUIb
ajIa€ Ha IUIAHOIIHY TOBEPXHIO 1 «popMye» GpOHT XBHII,
yABHO BifIOMTOI BipTyanbHuUM ja3epkanoM 3 €2 = 1.576.
[Ticnst mpOXOMKEHHS JBOXJIIH30BOTO KOPEKTOpa CBITIIO
30upaeThest y (hokanbHiN urommHi. ToukoBa amiarpama B
(okanpHIM MIOMKHI TOKa3ye, 10 Bci abeparii TpeTboro
MOPSIAKY MpakTU4HO BUIpasieHi. EdexkrtuBHe mone 30py
CTaHOBUTH 2 IpajlycH Ha IUIAcKii (QoKambHIH IOBEpPXHI.
EdexruBHa cBiTiocuna Uil TeNecKoma Takol CHUCTEMH
cranoButs 1/2.28.

TakyuM YMHOM, MM ONHCAJIM IIMPOKOKYTOBY CHCTEMY 3
HE JOCHTh MAaJIOI0 AaNepTypolo, sIKa € CXOXKOI 3 Tak
3BaHOI0  onTu4yHOW  cuctemoro  “Hyperbolic—Ross”.
OcCHOBHa BIJJMIHHICTh TYT IOJISITA€ B TOMY, IO OCTaHHS
OINITHYHA cXeMa 0a3yeThcs Ha NMEPBUHHOMY A3EpKalli, sKe
Mae Qopmy rinepbonoiza, B TOH Yac SK B IepIIid
BHKOPHUCTOBYETHCS chepruiHe a3epKao.

[IpononyeThcst, MmO Take pIMICHHS MOXe OyTH
aKTyalbHUM JUIA TEJECKOIB 3 JiaMeTpOM TOJIOBHOTO
n3epkana 1 M 1 OisbIe, a TaKOXK JJIsi CSTMEHTHUX JI3epKall.
Taka cucrema 3 m3epkamom (1 — 1.5) M moxe Oyne
BUTOTOBJICHA Ha ACTPOHOMIuHiH oOcepBaropii Onecbkoro
HAI[IOHAILHOTO YHIBEPCHUTETY 1 JIOMIOBHHUTH MEpEXy Il
ONTUYHUX IHCTPYMEHTIB.
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1. Introduction

The proposed telescope optical designs consist of two
components (Figure 1): a spherical primary mirror
(indicated as 1) e? = 0 and a secondary planoidal mirror
(indicated as 2) with nearly flat (planar) high-order
surface.

The planoidal mirror surface is calculated so that the
wave front converging onto the focal plane (indicated as
3) is modified as if it is reflected from some virtual mirror
with preliminary set parameters rather than from a
spherical mirror. This enables us to employ different
optical layouts while using a spherical mirror as the
primary one.

A special computer programme to calculate the
meridional surface profile of the secondary mirror, taking
into account all the preliminary set parameters of the
virtual mirror, has been developed based on [2,3]. Note
that there is no analytic expression, but just a numerical
table of co-ordinates for the points along the meridional
surface profile of the planoidal surface with a given
increment. These data are quite sufficient to manufacture
such a surface.
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Figure 1: Proposed telescope optical design:
1— spherical mirror, 2— planoidal mirror, 3— focal plane.

Figure 2: The simplest example of correcting the
spherical aberration of the primary mirror:

1— primary spherical mirror, 2 — planoidal surface,
3 — virtual parabolic mirror, 4 — focal plane.
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Figure 3: A dot diagram

2. The text of the proposed optical design

In order to test the proposed optical designs, we chose a
spherical mirror which is 60 cm in diameter with the
standard light-gathering power of 1/3. Such a choice was
mainly due to the fact that there had been already optical
design solutions for 60 cm mirror blanks.

Figure 2 illustrates the simplest example of correcting
the spherical aberration of the primary mirror.

The wave front after reflection from the spherical
mirror (1) on the planoidal surface (2) is turned into the
wave front from a virtual parabola (3) with the same light-
gathering power; thus, an astigmatic image with corrected
spherical aberration is formed on the axis in the focal
plane (4). A dot diagram (Figure 3) depicts the effect of
the field of view on the image quality.

The centre diffraction image is distorted by a
significant comatic aberration towards the edges as must
be the case. Therefore, the effective field of view is
limited to about 10 arc minutes.

Using the same principles, we have demonstrated that
is feasible to produce the Ritchey-Chrétien aplanatic

Figure 4: Optical layout elements: 1 — spherical primary
mirror, 2 — planoidal mirror, 3 — virtual hyperbolic mirror,
4 — third small hyperbolic mirror.

design with a spherical primary mirror, equivalent light-
gathering power of 1/8 and effective field of view of 0.75
degrees. Though such a layout is of no practical
importance due to a long length of the tube in such an
optical design, it has been presented here to exemplify all
the opportunities for applying the suggested method.
Figure 4 shows the following optical layout elements: a
spherical primary mirror (1), the planoidal surface (2), a
virtual hyperbolic mirror (3) with 2 = 1.01 and the third
small hyperbolic mirror with e? = 6.537.

3. Three-mirror telescope

Three-mirror telescope (Figure 5), whose parameters
were calculated by N.N.Faschevsky [4] using a different
method, belongs in this type of optical systems. Its optical
design consists of a spherical primary mirror (1), the
planoidal surface (2) and the third elliptical mirror with e2
= 0.563. The wave front after reflection from the spherical
mirror (1) on the planoidal surface (2) is turned into the
wave front from a virtual elliptical mirror (3) placed at a
given distance.
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Figure 5: Three-mirror telescope: 1 — spherical primary
mirror, 2 — planoidal mirror, 3 — virtual elliptical mirror,
4 — the third elliptical mirror, 5 — the focal plane.

According to the classification by D.D. Maksutov [1],
the virtual and elliptical mirrors form a lengthening post-
focal aplanatic system. A dot diagram (Figure 6) depicts
the effect of 1.5° field of view on the image quality. Both
comatic and astigmatic aberrations are well corrected, but
the focal plane remains curved (indicated as 5 in Figure
5). Such a telescope was built at Odesa Astronomical
Observatory and produced high-quality images; however,
for some reason, the telescope’s lifetime turned out to be
short.

4,

Figure 7 presents a telescope with a two-lens corrector.
It uses a spherical primary mirror with the light-gathering
power 1/2.69 (1), the planoidal surface (2) and a corrector
(4). The wave front after reflection from the primary
mirror (1) on the planoidal surface (2) is turned into the
wave front from a virtual mirror (3) with e? = 1.576, thus,
an image is formed in the focal plane (5). A dot diagram
of the system is presented in Figure 8; as can be seen, all
third-order aberrations are well corrected, the effective
field of view is 2 degrees with resolution over a flat focal
surface with the light-gathering power 1/1.28.

Optical scheme with a two-lens corrector

5. Conclusion

Summarizing, we described a wide-field instrument
which is analogous to our earlier calculated telescope
optical design named “Hyperbolic — Ross” [5], but unlike
the latter the new instrument uses a spherical primary
mirror rather than hyperbolic one.

This optical layout appears to be the best practical out
of all optical designs discussed above. There are some
disadvantages of such systems — an increased light loss
due to a large obscuration or additional reflection;
moreover, most designs imply internal placement of the
light detector. However, all these disadvantages can be
minimised with the proper optimisation of the optical
system.
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Figure 7: Telescope with a two-lens corrector:
1 — spherical mirror, 2 — planoidal mirror, 3 — virtual mirror, 4 — two-lens corrector, 5 — focal plane.
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Figure 8: A dot diagram of the system showed in Fig. 7

Such optical designs are of no particular interest for
telescopes with a 60 cm mirror; however, with increasing
diameter of mirrors, the importance of such optical layouts is
being reinforced, especially for segmented-mirror telescopes,
for which both the working surface of each segment and the
shape of the array of mirrors should be spherical.

In the future, it is planned to implement the proposed
optical scheme in the network of optical instruments of
Astronomical Observatory of Odessa National University.
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