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1 I N T RO D U C T I O N
Around 1990, Shou-guan Wang first put forward the idea of spectroscopic survey with as many as thousands of optical fibres (Wang
& Su 1992; Wang et al. 1996). In the 1990s, SDSS developed spectroscopic survey with 640 optical fibres and photographic survey.
2dF developed spectroscopic survey with 400 optical fibres. These
projects, especially SDSS, obtained many important data for astronomical research. In 2008, the innovative Chinese telescope-Large
Sky Area Multi-Object Fibre Spectroscopic Telescope (LAMOST)was completed, which is equipped with 4000 optical fibers (Cui
et al. 2012). During a single observation about 3500 spectra can be
obtained. By now, many proposals for spectroscopic survey with
thousands of fibers have been put forward, and some of these telescopes are being developed. However, China, to date, still has no
large-aperture telescope able to perform accurate follow-up observation based on these and other surveys. Since the mid-1990s
thirteen 8–10-m telescopes have been established around the world,
and currently several 20–40-m class telescopes are being planned.
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Evidently it is very important to develop a large optical/infrared
telescope for astronomical research in China. Through developing
LAMOST China has acquired the capability to make a 20–40-m
class telescope, but the lack of funds prevents us from undertaking such a project. We could only obtain funding to construct a
single-aperture telescope of about 12 m, which is slightly larger
than existing 8–10-m class telescopes. This 12-m telescope will be
a general purpose telescope containing four systems: a wide FOV
prime focus system, a Cassegrain system, a Nasmyth system and
a coudé system. A segmented primary mirror is adopted (Nelson
& Mast 1992; Chanan, Mast & Nelson 1994). The FOV of prime
focus is 1.◦ 5 (in this paper FOV means field of view and may also
represent the diameter of field of view), with a corrector in it, which
consists of seven lenses including a pair of lens–prisms (lensms).
The design results are as follows: until zenith distance 60◦ , for a
point source (for example a star) image, 80 per cent geometrical
energy is encircled in less than 0.5 arcsec for the entire waveband
of 350–1300 nm. The maximum vignetting at the edge of 1.◦ 5 FOV
is 16 per cent. It will be used for multi-object fibre spectroscopic
observation and CCD photography. The Chinese 2.16-m telescope
has an innovative optical system. In this proposed 12-m telescope,
all systems except the prime focus system share the same secondary
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This is an optical/infrared telescope. It is a general purpose telescope. A segmented primary mirror is adopted with diameter 12 m and f-ratio 1.6. This telescope has prime focus,
Cassegrain, Nasmyth and coudé systems. The prime focus system has a 1.◦ 5 field-of-view
corrector with excellent image quality. It will be used for multi-object fibre spectroscopic
observation and CCD photography. In this 12-m telescope, all systems except the prime focus system share the same secondary mirror; the Nasmyth and coudé systems are formed by
adding relay mirrors; and the method of moving a secondary mirror is used to enhance image
quality. All these features originate from the innovative optical system of the Chinese 2.16-m
telescope. At the Cassegrain focus, a dark object spectrograph, for example, can be installed
without any corrector; and in case a field of view is needed, a corrector may be added. Both
the Nasmyth and coudé systems have exceptionally excellent image quality and the exchange
between them occurs very conveniently. Many instruments in visible and infrared wavebands,
some with an adaptive optics system, will be installed at the Nasmyth platform. Coudé system
will be used for interferometry and for those instruments which require high stability. This
configuration has a nearly full range of systems but it is not complex, and it can even be
adopted by 20–40-m class telescopes.

12-m telescope optical system for China

2 T H E P R I M A RY M I R RO R
A segmented primary mirror will be used for this 12-m telescope.
Two types of segmented mirror are being considered, as shown in
Fig. 1. (a) The first type consists of a circular centre mirror with
diameter 4.5 m and 72 fan-shaped submirrors (Meinel & Meinel
1981; Su & Cui 2004). These fan-shaped submirrors are distributed
in three rings and each has a radial length of 1.25 m. At the centre
there is a 1.3 m diameter circular hole for the passage of light. The
maximum asphericity of these submirrors is 0.174 mm. The maxi-

Figure 1. Two types of primary mirror. (a) Consisting of 72 fan-shaped
submirrors with a circular centre mirror. (b) Consisting of 84 hexagonal
submirrors. The diameter of the two outer circles represents 12 m.

mum asphericity of the centre mirror is 0.0155 mm. (b) The second
type consists of 84 hexagonal submirrors. No hexagonal submirror
is placed at the centre, so that light can pass through. The diagonal
length is 1.44 m and the maximum asphericity of these submirrors
is 0.118 mm. The main advantages of adopting the fan-shaped submirrors are as follows: such a primary mirror has a circular outer
rim; the surface shape is identical for all submirrors in each ring,
and in general the number of different surface types for fan-shaped
submirrors is less than that for hexagonal submirrors (in the primary
mirror shown in Fig. 1(a) only three). The adoption of fan-shaped
submirrors also has some shortcomings: for a submirror of the same
area, the asphericity of a fan-shaped submirror is bigger than that
of a hexagonal submirror; manufacture of fan-shaped submirrors
may be a little more difficult than that of hexagonal submirrors.
When fan-shaped submirrors are used and all displacement sensors
are installed at the edges between two submirrors, flower-petal type
closing and opening errors will appear in each ring (Su, Wang & Cui
2004a). Solutions to this problem are possible, but the complexity
of construction will be increased. So up to now we have not decided
whether to use the type in Fig. 1(a) or (b). Active optics is needed
for the segmented primary mirror (Nelson & Mast 1992; Chanan
et al. 1994; Su et al. 2004a; Cui et al. 2012). Two other books –
Wilson 1999 and Lemaitre 2009 – are also important for active optics, especially for thin-mirror active optics (Wilson 1999; Lemaitre
2009). In general, for prime focus work co-focus is adequate, for
Nasmyth and coudé systems work, especially for Adapted Optics
(AO) and high-resolution observation, co-phase is needed.

3 THE PRIME FOCUS SYSTEM
3.1 A prime focus corrector
As announced in Section 1, we take as our standard the Nasmyth
system with the best image quality; the primary mirror’s conic constant (abbreviated as cc) = −0.960 336 (see Section 6). In 2002
Ming Liang and Samuel C. Barden designed an FOV 1.◦ 5 wide field
corrector for f/1.7 Gemini 8-m telescope. This was the earliest research and exploration in the world for 8 m class fast f-ratio wide
FOV corrector. Their work was later published in 2004 SPIE conference proceedings (Liang, Barden & Robles 2004). In that paper,
the use of one lens as a tip-tilt component was also first proposed.
In our 12-m telescope the prime focus corrector consists of seven
lenses, including a pair of lensms. By relatively rotating two lensms
the atmospherical dispersion at different distances can be compensated. The conception of the lensm was first put forward by us
MNRAS 460, 2286–2295 (2016)
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mirror; the Nasmyth and coudé systems are formed by adding relay
mirrors; and the method of moving a secondary mirror is used to
enhance image quality. All these features originate from the Chinese
2.16-m telescope. At the two-mirror Cassegrain focus, although the
FOV is very small, at the centre of FOV there is no aberration;
therefore some instruments with very small FOV, for example a
dark object spectrograph, can be installed with high efficiency. At
this Cassegrain focus a corrector can also be added, thus an FOV of
about 20 arcmin with excellent image quality can be obtained (Liang
& Su 1988), and more work can be done here. Both Cassegrain and
coude systems have exceptionally excellent image quality and the
exchange between Nasmyth and coudé systems occurs very easily
and quickly. The FOV of the Nasmyth system is 10 arcmin, and
for a point source image, the whole geometrical energy is encircled in less than 0.001 arcsec (atmospherical dispersion excluded).
Many instruments in visible and infrared wavebands with or without adapted optics will be installed there. The FOV of the coudé
system is 1.5 arcmin, and for a point source image, the whole geometrical energy is encircled in less than 0.003 arcsec or an even
smaller range (atmospherical dispersion excluded). This system is
intended for interferometry and for those instruments which require
high stability.
Even when 20–40-m class telescopes are completed, this 12-m
telescope will remain very useful. First, a very important characteristic of this 12-m telescope is that it has a 1.◦ 5 wide FOV system,
whereas no 20–40-m class telescope being planned has a wide FOV
system. Such a wide FOV system can survey for the discovery
of many significant celestial objects, and a part of them will be
provided to 20–40-m class telescopes for follow-up observation.
Secondly, since there will be only a few 20–40-m class telescopes
in the world, they will be kept in busy use. Many follow-up observations can be done by this 12-m telescope except for very dark
objects and very high resolution observation. In this paper, this
optical system configuration can be used not only for the 12-m
telescope but also for 20–40-m class telescopes. But for 20–40-m
class telescopes since the size of glass is restricted, the prime focus corrector will be segmented. This telescope has prime focus,
Cassegrain, Nasmyth and coudé systems. This configuration, without being complex, has a highly comprehensive range of functions.
In this telescope all optical components of the Nasmyth and coudé
systems and the Cassegrain system (when it has no corrector) are
reflective. Therefore these systems not only are free of chromatic
aberration but also can transmit wide waveband. In this telescope,
with the exception of plane mirrors, the Nasmyth and coudé systems
and the Cassegrain system (when it has no corrector) are rotation
symmetrical, thus geometrical image patches are not only tiny but
also rotation symmetrical in the whole FOV. Since there are many
systems in this telescope configuration, we take as our standard the
Nasmyth system with the best image quality. However, sometimes
another system may also be chosen as a standard, in which case we
will explain our choice.
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Figure 2. Prime focus corrector.
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Figure 3. Field positions selected for the spot diagrams. The diameter of
the circle represents FOV 1.◦ 5.

be installed in it. With this corrector, the focal length is 24.43 m, i.e.
the f-ratio is 2.036. According to optical fibre suppliers’ claims, new
optical fibre can satisfy such an f-ratio; if not, however, we intend
first to use a segment of conical optical fibre to change this f-ratio to
f-ratio 4 or 5 (Su, Cao & Liang 1986). One of the aspheric surfaces
on the final lens has relatively steep slope with respect to the best
fit sphere; this situation is hard to avoid, but the up-to-date technics
to fabricate such a lens is available, though the fabrication is very
challenging. Prime focus will be used mainly for multi-object fibre
spectroscopic observation and CCD photography. One can find that
in all aspects the corrector described above is designed with deliberation and is of excellent quality. Other kinds of excellent prime
focus correctors were put forward and designed by Saunders et al.
in 2014 and designed for MSE in 2015 (Saunders et al. 2014).
3.2 The shape of the primary mirror is optimized during
prime focus corrector design
The design of the above prime focus corrector was based on the
best image quality that is obtained for the Nasmyth system. Under
such a condition the primary mirror’s cc= −0.960 336. In this section the shape of primary mirror is taken as a variable during the
prime focus corrector design. If we take the FOV of prime focus
as 1.◦ 5, the whole waveband 350–1300 nm, the biggest lens 1.4 m
in diameter, the observatory’s position 4200 m above sea level, and
the maximum zenith distance for compensating atmospherical dispersion 60◦ , the results are as follows: the prime focus corrector
only needs four single lenses and a pair of lensms, and each of
the four lenses has an aspherical surface. In other words, one lens,
along with its aspherical surface, is removed. The primary mirrors
cc= −1.031 2473. For a point source image, the largest diameter of 80 per cent energy for the whole waveband 350–1300 nm
is encircled in 0.313 arcsec, 0.394 arcsec, 0.493 arcsec for zenith
distance 0◦ , 45◦ , 60◦ , respectively. The vignetting at the edge of 1.◦ 5
FOV is 16.7 per cent. System transmittance at the field’s centre field
with vignetting average is 0.605, at the field’s edge with vignetting
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(Su 1986; Su & Liang 1986; Liang & Su 1988; Wang & Su 1990).
The use of lensms cannot only compensate the atmospherical dispersion but also correct the aberration. In the initial stage of this
corrector design, we have explored three kinds of Atmospheric Dispersion Corrector (ADC) design options that include: (a) lensms,
as used in the current design. (b) Double single prism, as used in
the BigBoss–DESI corrector. (c) Lateral translate ADC as designed
in Maunakea Spectroscopic Explorer (MSE) corrector designed by
Paolo Spanò. After careful comparison, option 1 has been chosen,
since it has the best image quality among the three options and
has also good transmittance across the required wavelength range.
There are three constraints to make the design more difficult: (a)
the primary f-ratio is 1.6. (b) The conic constant of this primary
mirror is fixed at −0.960 336 by the design requirement of the Nasmyth focus, and that is unfavourable for a primary corrector design.
(c) The shortest working wavelength is 350 nm. Our prime focus
corrector includes five single lenses plus a pair of lensms, which
is a shortcoming. But the image quality is excellent, the shortest
working wavelength is 350 nm, and for compensating the atmospherical dispersion at different zenith distances we only need to
rotate relatively a pair of lensms. These are the advantages. In the
design of the corrector for this 12-m telescope, an important effort
is to choose glass materials to obtain the highest possible transmittance and to keep the best possible image quality. This is difficult
especially for 350 nm wavelength. The optical layout of prime focus corrector is shown in Fig. 2. Let us take the FOV of prime
focus as 1.◦ 5 (the FOV used for optimization is shown in Fig. 3),
the whole waveband 350–1300 nm, and let us assume that in this
corrector all five single lenses each has an aspherical surface. Let
us take the biggest lens in this corrector to be 1.4 m in diameter,
the observatory’s position to be 4200 m above sea level and the
maximum zenith distance for compensating atmospherical dispersion to be 60◦ . The optical parameters for prime focus corrector
are listed in Table 1. The following design results are obtained: for
a point source image, the largest diameter of 80 per cent energy
for the whole waveband 350–1300 nm is encircled in 0.335 arcsec,
0.400 arcsec, 0.495 arcsec for zenith distance 0◦ , 45◦ , 60◦ , respectively (shown in Figs 4, 5 and 6). The vignetting at the edge of
1.◦ 5 FOV is 16 per cent shown in Fig. 7. To evaluate the system
transmittance, we make the following assumptions: (a) the primary
mirror reflectance with aluminum coating is 0.9; (b) the air-glass
surface transmittance with anti-reflection coating: 0.98; (c) system
vignetting is deducted; (d) materials absorptions are applied. From
Tables 2 and 3 one can see that this corrector has high transmittance
even for 350 nm wavelength. The shape of focal surface is spherical with radius 7.91 m. The maximum angle between the principal
rays and the normal lines of focal surface is 0.◦ 64. The FOV linear
diameter is 658 mm. About 3000 (or even more) optical fibres can

12-m telescope optical system for China
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Table 1. The optical parameters for prime focus corrector.
Element

Curvature
(mm)

Thickness
radius (mm)

Glass

Diameter
(mm)

Conic

Primary
Lens1

−38400.000
−1108.095
−2624.650
5741.199
−798.875
1925.725
flat
2331.230
2376.884
flat
2547.948
−6911.636
−2215.981
2897.885
−4036.123
−722.281
3688.030
−7910.372

− 16907.591
− 190.000
− 426.958
− 50.000
− 234.581
− 30.000
− 78.905
− 20.000
− 30.000
− 74.667
− 681.798
− 80.000
− 227.636
− 70.000
− 12.000
− 210.000
− 410.496

MIRROR
SILICA

12000
1400
1400
1080
946
950
950
950
950
950
950
897
882
885
901
940
930
658

−0.9603360

Lens2
ADC1

ADC2

Lens3
Lens4
Lens5

BK7HT
LLF1HT
LLF1HT
BK7HT
LLF1HT
SILICA
BK7HT

a6

a8

4.45510E-11
− 6.93031E-11

3.13241E-18
5.55878E-18

− 4.23869E-24
9.88467E-24

− 8.31610E-11

5.23877E-16

3.67283E-22

2.13017E-10

− 7.42510E-16

4.66279E-22

3.63144E-10

4.13436E-16

− 8.17690E-22

a10

Tilt
−0.◦ 3804
−0.◦ 0097
−0.◦ 3917
0.◦ 0111

Figure 4. Spot diagrams for waveband 350–1300 nm, Zenith distance 0◦ .
The largest diameter of 80 per cent geometrical energy is encircled in
0.335 arcsec. The average diameter of 80 per cent geometrical energy is
encircled in 0.274 arcsec. The diameter of scale circle is 118 µm (1 arcsec).

average is 0.523. The shape of focal surface is spherical with radius
7.66 m. The maximum angle between the principal rays and the
normal lines of focal surface is 0.◦ 59. The FOV linear diameter is
635 mm. With this corrector, the focal length is 23.83 m. For the
above cc= −1.031 2473 primary mirror the image quality of the
Nasmyth system is less than satisfactory, unless a transparent correcting plate is added. If we adopt the method combining thin-mirror
and segmented-mirror active optics to make the shape of primary
mirror cc either −0.960 336 or −1.031 2473, then both Nasmyth
system and prime focus corrector can obtain the best image quality,
but this is complex and with cc= −0.960 336 the image quality of
the prime focus corrector is already good enough. The above methods (with cc as a variable, etc) could also be used for extending the
FOV or decreasing the vignetting.

2.43833E-27

Figure 5. Spot diagrams for waveband 350–1300 nm, Zenith distance 45◦ .
The largest diameter of 80 per cent geometrical energy is encircled in
0.400 arcsec. The average diameter of 80 per cent geometrical energy is
encircled in 0.347 arcsec. The diameter of scale circle is 118 µm (1 arcsec).

4 A B R I E F I N T RO D U C T I O N T O T H E C H I N E S E
2.16-M TELESCOPE
In this 12-m telescope, all systems except the prime focus system
share the same secondary mirror; the Nasmyth and coudé systems
are formed by adding relay mirrors; and the method of moving a
secondary mirror is used to enhance image quality. Since all these
features originate from the Chinese 2.16-m telescope, we consider
it necessary to give a brief introduction to the Chinese 2.16-m
telescope. As shown in Fig. 8, the 2.16-m telescope is a Chinese
self-developed telescope located at Xinglong Station, Beijing Observatory [present National Astronomical Observatories, Chinese
Academy of Sciences (CAS)], with first light in 1989 November.
The clear aperture of this telescope is 2.16 m. It includes Cassegrain,
coudé and prime focus systems. The Ritchey–Chrétien (R–C) system is used as the Cassegrain system. English equator mounting is
MNRAS 460, 2286–2295 (2016)
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Table 3. System transmittance for edge field with vignetting.
Wavelength (nm)
350
480
550
700
1300
Average

Transmittance
0.3589
0.5406
0.5502
0.5519
0.5098
0.5023

Figure 8. This is fig. 1 in Su et al. (1990).

Figure 7. Centre field throughput is 0.9846, edge field throughput is 0.8270,
edge field relative vignetting is 0.16.
Table 2. System transmittance for on axis field with
vignetting.
Wavelength (nm)
350
480
550
700
1300
Average

Transmittance
0.3661
0.6279
0.6430
0.6450
0.5853
0.5735

adopted for it. The structure of the 2.16-m telescope is shown in the
lower left section of Fig. 8. In a traditional telescope, there are two
secondary mirrors, one for the Cassegrain system and the other for
the coudé system. When the exchange between these two systems
occurs, the secondary mirrors should be exchanged. In the mid1960s, when researching the configuration for the Chinese 2.16-m
MNRAS 460, 2286–2295 (2016)

telescope, Ding-qiang Su proposed that both Cassegrain (R–C) and
coudé systems share the same secondary mirror. Based on this idea,
Su put forward a series of new coudé systems, among which some
major ones are shown in Fig. 9(a)–(f). At the 2.16-m telescope conference held in Shanghai in 1966 November, Su introduced these
options. In 1972 June, Su put forward another coudé system, as
shown in Fig. 9(g), which included a relay mirror. It was soon decided that such a coudé system would be adopted for the Chinese
2.16-m telescope. Since the shapes of the primary and secondary
mirrors have been determined by the Cassegrain (R–C) system, only
an ellipsoidal shape can be chosen for the relay mirror for eliminating the spherical aberration in this coudé system. At the end of
1973, Su discovered that when the Cassegrain (R–C) system was
replaced by the coudé system, if the secondary mirror was moved
by 10.692 mm and a cc = 0.2585 oblate relay mirror was used, then
in such a coudé system both spherical aberration and coma could be
eliminated simultaneously. The above coudé system is suitable not
only for English equator mountings, but also for the other equator
mountings, alt-azimuth mounting and alt-alt mounting. At that time
in China, all the research described above was only permitted to
be reported and discussed inside the project group due to confidentiality requirements. In 1977 October, a US astronomical delegation
which included 10 distinguished astronomers visited China. Special
permission was granted us to introduce the above research to these
American astronomers. Such a coudé system, in particular the idea
of the coudé and Cassegrain (R–C) systems sharing the same one
secondary mirror, received their high praise (see Reception Briefing No. 3, Foreign Affairs Bureau of Chinese Academy of Sciences,
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Figure 6. Spot diagrams for waveband 350–1300 nm, Zenith distance 60◦ .
The largest diameter of 80 per cent geometrical energy is encircled in
0.495 arcsec. The average diameter of 80 per cent geometrical energy is
encircled in 0.458 arcsec. The diameter of scale circle is 118 µm (1arcsec).
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Figure 10. This is fig. 5 in Meinel & Meinel (1981).

1977 October 4 and Goldberg 1978). In 1979, during their visit to
China, A. B. Meinel and M. P. Meinel also applauded such a coudé
system. They named this relay mirror SYZ relay mirror (S, Y and
Z are the initials of the three designers of the Chinese 2.16-m telescope optical system: Ding-qiang Su, Xinmu Yu and Bifang Zhou).
A. B. Meinel and M. P. Meinel adopted the SYZ relay mirror in a
number of telescope configurations which they were conceiving and
extended the SYZ relay mirror to the Nasmyth system (Meinel et al.
1980; Meinel & Meinel 1980, 1981). Later, in European Southern
Obseratory VLT, each 8.2-m telescope used the same secondary
mirror for its Nasmyth (R–C), Cassegrain and coudé systems, and
used relay mirrors to form the coudé system (Enard 1988, 1989;
ESO 1998). A detailed description of the Chinese 2.16-m telescope
optical system was published when this telescope was completed
(Su, Zhou & Yu 1990).
5 CASSEGRAIN SYSTEM
Our 12-m telescope has a Cassegrain system. As stated in Section 1,
we take as our standard the Nasmyth system with the best image
quality. To obtain a Cassegrain system of 12-m telescope without
spherical aberration, the secondary mirror needs to depart from the
primary mirror along the optical axis by 29.745 mm; in this case the
Cassegrain focus will be located at 11538.5 mm from the secondary
mirror (see Fig. 11). In this Cassegrain focus the residual spherical
aberration is 0.013 arcsec (diameter of overall geometrical energy).
The classical paraboloid primary mirror system has only a very
small FOV because coma is serious. In our system cc of primary
mirror is −0.960 336, coma is slightly more serious, and FOV is
slightly smaller. But at the centre of FOV the image quality is
excellent and at this focus light only comes through two mirrors. A
point source dark object spectrograph, for example, can be installed
here. Since this telescope adopts alt-azimuth mounting, as long as
the narrow slit of spectrograph is placed along the zenith direction,
the atmospherical dispersion does not need to be corrected. The
spectrograph will have very high efficiency. In addition, a corrector
has also been designed for this Cassegrain focus. It consists of three
components (Wynne 1968), but the second and third components
are changed into two lensms, i.e. only one lens and two lensms are

6 NASMYTH SYSTEM
In our proposed 12-m telescope, the design of the Nasmyth and
coudé systems is not concerned with the correction of atmospherical
dispersion, which will be corrected in the instruments if necessary.
In our telescope all components of Nasmyth, coudé and Cassegrain
(without corrector) systems consist of reflective mirrors. Therefore
these systems not only are free of chromatic aberration but also can
transmit wide waveband. In 1981 A. B. Meinel and M. P. Meinel
extended the Chinese 2.16-m telescope’s coudé system to the Nasmyth system (Meinel & Meinel 1981) and they still called its relay
mirror SYZ relay (mirror), as shown in Fig. 10. Our 12 m telescope
adopts such a Nasmyth system, i.e. the optical system of our 12 m
telescope originates from the innovative Chinese 2.16 m telescope.
Just like the Chinese 2.16 m telescope, this 12 m telescope only has
one secondary mirror and it is shared by the Cassegrain, Nasmyth
and coudé systems. The diameter of the secondary mirror is 2.5 m.
Due to the fairly large size of the secondary mirror, the exchange
between prime focus system and Cassegrain, Nasmyth and coudé
systems is a little difficult. But these exchanges occur only infrequently, with intermissions of several months or even longer. So it
is not a serious problem. Fig. 11 and Table 4 shows the Nasmyth
system of the Chinese 12 m telescope. The Nasmyth system FOV is
10 arcmin. In this system, we intend to use the fold plane mirror as a
tip-tilt mirror for all instruments at Nasmyth platform and coudé focus. As is well known among experts in the field of optics, spherical
aberration, coma and astigmatism can be eliminated simultaneously
if there are three aspherical surfaces with unrestrained shapes in an
optical system. Our Nasmyth system contains three such mirrors,
i.e. primary, secondary and SYZ relay mirrors. Hoping to obtain
the best image quality for the Nasmyth system, we have optimized
the shape of these three mirrors. Let us take the primary mirror as
a conic surface. During optimization, we take cc of primary mirror,
secondary mirror and SYZ relay mirror, as well as the 6th and 8th
coefficients of secondary mirror and SYZ relay mirror as variables.
The designed results of this Nasmyth system are shown in Table 4
MNRAS 460, 2286–2295 (2016)
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Figure 9. This is fig. 3 in Su et al. (1990).

included in this corrector. The results are as follows: if we take FOV
as 20 arcmin, for the entire waveband of 350–1300 nm, the focal
surface is plane, the principal rays are nearly perpendicular to the
focal plane, and for a point source image, 80 per cent geometrical
energy is encircled in a diameter less than 0.5 arcsec at zenith
distance 60◦ . Several different instruments can be installed here. In
this Cassegrain focus the f-ratio is about 4.8, which is very good for
matching with optical fibre, we only need to add a corrector smaller
than the above corrector (since only an FOV of several arcminute
is needed). An Integrated Field Unit (IFU) can be installed here.
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Figure 11. The Nasmyth system of 12-m telescope (F/12.8).(M1: primary
mirror; M2: secondary mirror; M3: SYZ relay mirror; M4: plane fold mirror.)

intend to use one plane fold mirror, which will serve as a tip-tilt
mirror in our Nasmyth system. Nevertheless we insist that the addition of an AO deformable mirror in this Nasmyth system is an
important advantage and we will continue to consider whether or
not to make such an addition during future research and design of
Nasmyth and coudé instruments. Excellent image quality has been
obtained in our Nasmyth system. In the next section one can witness the excellent image quality also in our coudé system design.
We are convinced that when we make some small readjustments
for adding an AO deformable mirror, the excellent image quality
can still be obtained in Nasmyth and coudé systems. In Nasmyth
platforms many instruments will be installed. In order to meet this
challenge, we propose (Su, Wang & Cui 2004b) the use of four
Nasmyth platforms in this telescope, i.e. two Nasmyth platforms I
on the upper level and two Nasmyth platforms II on the lower level.
In such an option, the two light bundles to Nasmyth platform II
come perpendicularly up (or down) towards this platform; for some
instruments that is an advantage. Since the lengths of paths from
secondary mirror to Nasmyth I foci and to Nasmyth II foci may be
different, M2 and M3 will be moved to make the image arrive at the
required foci. In these situations fairly large off-axis aberration may
occur and FOV will be reduced. There are two ways to solve these
problems. One is to use the small-FOV focus for those instruments
which only need small FOV. The other is to change the shapes of
M2 and M3 with active optics to improve the off-axis image quality
(Su, Cao & Liang 1986; Lemaitre & Wang 1993; Su & Cui 2004).
Besides using four Nasmyth Platforms, it is also possible to put all
spectrographs for multi-object fibre spectroscopy and IFU on the
dome floor, which rotates with the telescope.

Table 4. The optical parameters for Nasmyth system (F/12.8)
Element

Curvature radius
(mm)

Thickness
(mm)

Aperture diameter
(mm)

Conic

a6

a8

M1
M2
M3
M4
Focus

−38400
−11657.77
−8614.38
INFINITY
8851.47

−15297.69
17742.68
−5936.13
9760

12000
2500
1458
1133×787(elliptical)
446.8

−0.960336
−3.368228
−0.638467

−4.594E-23
−3.962E-22

1.556E-30
1.942E-28

M1: primary mirror; M2: secondary mirror; M3: SYZ relay mirror; M4: plane fold mirror.
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and Fig. 12 (please note that wavelength is irrelevant to Fig. 12).
We obtain that the cc of primary mirror is −0.960 336. This value is
used for prime focus corrector design. In this Nasmyth system the
linear diameter of focal surface is 447 mm and its curvature radius is
8.85 m (convex to the telescope tube). The spot diagrams are shown
in Fig. 12. The image quality is exceptionally excellent; the overall
image’s geometrical energy is encircled in less than 0.001 arcsec
(atmospherical dispersion excluded). This is a great advantage of
such a Nasmyth system. Any optical designer of telescopes can observe that in this Nasmyth system the exit pupil is near the plane fold
mirror, and that if some small adjustments are made to this system,
an AO deformable mirror can be added. After this AO deformable
mirror, a plane fold mirror can still be added to reflect light to the
Nasmyth focus. In such an arrangement the length of path from
the exit pupil to the pupil formed by the secondary mirror and that
from the exit pupil to the Nasmyth focus should be equal. These
two plane mirrors can be used, respectively, as AO deformable mirror and tip-tilt mirror for all instruments at Nasmyth platform and
coudé focus. This is the second great advantage of this Nasmyth
system. Such a system has been applied in the Nasmyth system of
39 m European Extremely Large Telescope (Delabre 2008; ESO
2011). However, if an AO deformable mirror is added in such a
Nasmyth system, there will be some shortcomings as well. The size
of the AO deformable mirror is bigger than those AO deformable
mirrors set up separately in Nasmyth instruments and coudé instruments. It is difficult for a big AO deformation mirror to perform
the high temporal frequency movement. Besides, an AO mirror is
unnecessary for some Nasmyth instruments and coudé instruments.
As it is located in the tube of the telescope, this AO mirror will
produce some harmful thermal effects, especially since this mirror
needs more power due to its large size. Besides, servicing also possess some difficulty. Given these circumstances, at present we only

Figure 12. Spot diagram of Nasmyth focus with 10 arcmin FOV.The diameter of scale circle is 0.01 arcsec. Airy disc diameter is 0.023 arcsec at λ =
0.55 µm.
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Figure 13. Coudé optical system with SYZ relay mirrors shown in Fig. 9(g).
(M6 is SYZ relay mirror; M4, M5, M7, M8, M9 are plane fold mirrors; FS
is focal surface.)

7 C O U D É S Y S T E M
Three coudé systems will be introduced in this section. In terms of
design concept, design method and the actual optical system, these
coudé systems fully copy the Chinese 2.16-m telescope’s coudé
system. First, the coudé, Cassegrain and Nasmyth systems share
the same secondary mirror. Secondly, a relay mirror (or a relay
system) is added to relay the image to the coudé focus. Thirdly,
during exchange from the Cassegrain or Nasmyth system to the
coudé system the secondary mirror moves along the optical axis
slightly in order to obtain better image quality (Su et al. 1990).
7.1 The first kind of coudé system
In Fig. 11 we prepare two M3, i.e., two SYZ relay mirrors, one for
the Nasmyth system and the other for the coudé system. During
the exchange between Nasmyth and coudé systems two SYZ relay
mirrors are exchanged and the secondary mirror moves along the
optical axis slightly in order to obtain better image quality. Since
the two SYZ relay mirrors are fairly large, the exchange between
Nasmyth and coudé systems is inconvenient and the image quality
obtained in this coudé system is not as good as those in the two
systems to be introduced subsequently, we do not intend to adopt it.
7.2 The second kind of coudé system
Besides a SYZ relay mirror in the Nasmyth system, a second SYZ
relay mirror is used to form the coudé system. Such a coudé system
is shown in Figs 13 and 14 and Table 5. One can see that the structure

and optical parameters of this coudé system are reasonable. Because
with the exception of M5 (which is an elliptical plane mirror only
268 mm × 172 mm) all mirrors are installed under the Nasmyth
platform, when the exchange between Nasmyth system and coudé
system occurs, we only need to remove or add the small plane
mirror M5 and to move the secondary mirror along the optical axis
by 0.5862 mm. Such an exchange is very convenient. In such a
coudé system, in FOV 1.5 arcmin, for a point source image, the
whole geometrical energy is encircled in less than 0.003 arcsec.
The image quality is excellent. The AO deformable mirror has not
been included in the above coudé system. We intend to add it behind
the coudé focus. By the way, we can also design a coudé system
like the above while including an AO deformable mirror, in which
situation the image quality still is excellent but two mirrors will
need to be added. The diameter of the AO deformable mirror will
be about 490 mm.

7.3 The third kind of coudé system
A converse Cassegrain system, shown in Fig. 9(b), is used as a relay
system to form the coudé system. Such a coudé system is shown
in Figs 15 and 16 and Table 6. One can see that the structure and
optical parameters of this coudé system are reasonable. When the
exchange between Nasmyth system and coudé system occurs, we
only need to remove or to add the small plane mirror M5 (which
is an elliptical plane mirror only 236 mm × 173 mm) and to move
the secondary mirror along the optical axis by 0.359 mm. In such
a coudé system, in FOV 1.5 arcmin, for a point source image, the
whole geometrical energy is encircled in less than 0.001 arcsec.
The image quality is exceptionally excellent. The AO deformable
mirror has not been included in this coudé system. We intend to add
it behind the coudé focus. By the way, we can also design a similar
coudé system while including an AO deformable mirror, in which
situation the image quality still is excellent but one mirror needs to
be added. The diameter of the AO deformable mirror will be about
330 mm. Either the second or the third kind of coudé system will
be adopted in our 12-m telescope.
The software ZEMAX is used in this 12-m telescope optical design
article.
MNRAS 460, 2286–2295 (2016)
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Figure 14. Spot diagram of coudé focus (F/50) with 1.5 arcmin FOV. (The
diameter of scale circle is 0.01 arcsec; Airy disc diameter is 0.023 arcsec at
λ = 0.55 µm.)
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Table 5. The optical parameters for coudé system (F/50).
Element

Curvature radius
(mm)

M1–M3
M4
M5
M6
M7
M8
M9
Focus

INFINITY
INFINITY
13933.8
INFINITY
INFINITY
INFINITY
−5892.8

Thickness
Aperture diameter
Conic
a6
(mm)
(mm)
Same as Nasmyth system, but move M2 0.5862 mm forward from M1
8260
−10201.98
8701.99
−8600.08
8416.79
−8570

1133×787(elliptical)
268×172(elliptical)
809
538
584×411(elliptical)
479×337(elliptical)
261.8

0.18506

−5.3659E-22

a8

−1.1207E-26

M4, M5, M7, M8, M9 are plane fold mirrors; M6 is SYZ relay mirror for the coudé system.

8 CONCLUSION
Figure 15. Coudé optical system with converse Cassegrain relay mirror
shown in Fig. 9(b). (M4, M5, M8, M9 are plane fold mirrors. A converse
Cassegrain system composed by M6 and M7 is used for coudé focus.)

The optical system configuration proposed in this paper can be used
not only for the 12-m telescope but also for 20–40-m class telescopes. This telescope has prime focus, Cassegrain, Nasmyth and
coudé systems. It has a highly comprehensive range of functions.
The 20–40-m class telescopes currently being planned have no wide
FOV system. Thus, even when 20–40-m class telescopes are established, this 12-m telescope will remain useful. It has the largest
single aperture with 1.◦ 5 wide FOV. It will be one of the strongest

Table 6. The optical parameters for coudé system (F/35)
Element

Curvature radius
(mm)

M1–M3
M4
M5
M6
M7
M8
M9
Focus

INFINITY
INFINITY
−954.58
−4699.04
INFINITY
INFINITY
660

Thickness
Aperture diameter
(mm)
(mm)
Same as Nasmyth system, but move M2 0.359 mm forward from M1
8260
−2904.39
2206.45
−9801.78
8260
−10000

1133×787 (elliptical)
236×173 (elliptical)
189
1240
1080×744 (elliptical)
471×325 (elliptical)
183.3

M4, M5, M8, M9 are plane fold mirrors; a converse Cassegrain composed by M6 and M7 is used for coudé system.
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−2.5028
−0.6741
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Figure 16. Spot diagram of coudé focus (F/35) with 1.5 arcmin FOV. (The
diameter of scale circle is 0.01 arcsec. Airy disc diameter is 0.023 arcsec at
λ = 0.55 µm).

12-m telescope optical system for China
optical survey telescopes. In this 12-m telescope, the Nasmyth system adopted is the one that the Meinels extended from the Chinese
2.16-m telescopes design concept and coudé system. Such a Nasmyth system has excellent geometrical image quality and has the
potential to accommodate an added AO deformable mirror. In this
telescope there is a Cassegrain system either without or with corrector. Nasmyth and coudé systems has excellent image quality and
the exchange between them occurs very easily and quickly. In this
12-m telescope, there is a prime focus corrector which has excellent image quality for 1.◦ 5 FOV, with a waveband of 350–1300 nm;
to compensate the atmospherical dispersion at different zenith distances, we only need to relatively rotate a pair of lensms; and glasses
are chosen thoughtfully to increase transmittance. In this telescope
all optical components of the Cassegrain (without corrector), Nasmyth and coudé systems are reflective. Therefore these systems can
transmit wide waveband.
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