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       INEW SOLAR TELESCOPE AIND SPECTROGRAPH
        INSTALLED AT THE KWASAN OBSERVATORY

                                   BY

                   Yoshihiro NAKAI and Jun KUBOTA

                          (Received January 10, 1963)

                                ABSTRAC ['

       The 50cm-aperture solar telescope with the equivalent focaHength of 20m and
    high-resolution spectrograph, in$talled at the I<wasan Observatory in 1962, are briefiy
    describedi. The plate factor of the spectrograph varies from 1.IAImm in the first

                      oo    erder spectrum to O,09A/mm in the fifth order at 4000A. The theoretical resolving
    power that can be predicted by diffraction theory is about 600,OOO in the fifth ordier.

1. IntroGuction

    As introduced by Prof. S. Miyamoto in an issue of the magazine "Sky and

Telescope", the main works at the Kwasan Observatory, Kyoto, Japan, are to

study the physics of celestial bodies ln the solar system. The observational

and theoreticai investigations of the solar at.mosphere are one of the most

important branches in our Observatory.

   About ten years ago, construction of a large-aperture soiar telescope and

high-resolution spectrograph was planned. After two years testing with a small

coelostat of clear aperture 14 cm and a small prism spectrograph, it was decided

that a large-aperture coelostat should be set as high as possible above the

ground. In the spring of 1961, the new solar laboratory was built on the steep

slope area in our ebservatory site (Miyamoto (1)). The north-south hori-

zontal optical tunnel was constructed over tlae slope and the first inirror of

large-aperture coelostat is 6m high above tke ground. This situation may be

rather similar to that of the Snow-telescope cat the Mt. Wilson Observatory.

Unfortunately, in September 1961, just before the completion of installation, a

severe typhoon passed through Kyoto area, and a part of our Observatory was

suffered from heavy damage, and in consequence, the onset of observation was

obliged to be postponed till the sprlng of 1963.

   We shall here report briefly the characterlstics of our Iarge-aperture

coelostat and high-resolution spectrograph,
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2. Solar teleseope
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Plate I. The 7Qcm coelostat and horizontal
       tunnel as viewed from the south.

3. Spectrograph
   The dark room covering the area of 140 m2, where solar grating spectrograph

is installed, is the main part of our laboratory and the grating spectrograph

was completed in 1961.
   For the spectroscopic observations of various solar).phenomena, superior
characteristics are needed. Plaskett (3) has divided the technical problems in

solar spectroscopy into three groups:

    (1) Profile determination,

    (2) Measurement of wavelength and line displacement,
    (3) Discrimination of spectra from different part of solar disk.

Therefore, the required characteristics of our spectrograph, satisfactorily enough

to the adove observations, should be as follows :

                                o    (a) Plate factor more than O.1A/mm,
    (b) Resolving power higher than 5Å~105,
    (c) Making the width of apparatus broadening as narrow as possible,

    (d) Symmetry of apparatus profile,

    (e) Elimination of ghost and stray light.
    Besides above requirements, We wanted to use our spectrograph as a
spectroheliograph and special care was taken for this mechanism.
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4. Layout of dispersing system

    Since our main purpose of solar research is to observe solar phenomena in

greater detail, a high chromatic resolving power of spectrograph, not only for

visible light but also for ultraviolet and infrared regions, is highly required.

Then, it is necessary that the widths of apparatus wing due to the astigmatism

of mirror system should be narrower than the natural width originating from

the limited area of the dispersing element. Comparing with the size of optical

system, the focal length of our mirror system, 15m, is much longer. Then,

deviation from the axial ray amounts only to 20'ty30' and the above requirement

is suthciently satisfied.

    Our spectrograph may be called "vertical Littrow type", in the meaning

that the light path is not found on the horizontal plane where the direction of

dispersion lies. The effect of various monochrotnatic aberration arising from

the off-axis mirror system will be minimum in the direction of dispersion, and

the chromatic resolving power will be less affected.

    A simple test for the resolution in the direction of the slit jaws was per-

formed in the following way. Sticking the test pattern on the slit surface, the

solar spectrum in the yellow range was photographed and shown in Plate II.

Lines with an interval of O.lmm in the test pattern was clearly resolved.

Hence, it will be expected that the fine details of the order of 1 sec of arc in

the solar disc can be resolved in our spectrograph.

            Plate II. The solar spectrum photographed with the test pattern.
                          (About five times enlarged)

    The schematic layout of our spectrograph is shown in Fig. 2. If we use

two auxiliary mirrors, the variety of observation will be increased remarkably.

For example, it is possible to observe sirnultaneously a solar phenomenon in

the two different wavelength ranges spectrographically or spectroheliographically.
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       Fig. 2. Layout of the spectrograph.

5. Menechrometer

   When a grating is employed at the second or higher orders, more than
ordinary precautions should be paid to eliminate the contamination of the
spectrum by overlapping orders and stray 12ght. In our $pectrograph, the band

width and its central wavelength range of incident ray are controlled with the

small prism monochrometer which was installed in front of the gratlng spectro-
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graph (see (4)). The schernatic diagram of it is shown in Fig. 3. Based on our

alm in the solar research, the monochrometer should satisfy the following
conditions :

   (1) Optical elements are transparent for solar ray from ukraviolet to
       infrared.

   (2) Exactness of polishing.

      a) Not to lose resolution of the objective mlrror of tke solar telescope.

      b) Not to increase the stray light due to the scratch on the surface of

         optica! elements.

   (3) Illumination of grating without any vignetting of light after passing

       the monochrometer.
   With respect to the condition (1), many kinds of materials are available:

for example, fused silica, lithium fluoride, quartz crystal and rock salt crystal.

Among them, the former two are chosen because of their simple behaviours in

crystal optics and property of wetproof. The 300-prism in our monochrometer

is made of fused silica manufactured by the Thermal Syndicate Co,, England.
Two imaging and collimating lenses are triplet apochromat, which consists of

two fused silica elements and one LiF sandwitched between them (see (5)).

   Theoretically, the circle of least confusion of otir triplet apochromat is
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only O.03 rnm for 5800A and, on the other hand, 1 sec of arc of the sun corre-

sponds to O.1mm on the solar image formed by our solar telescope along the

direction of en.trance slit. Hence, the resolution obtained by our solar telescope

can be safely transmitted to the exit slit of rr}onochrometer. The aberration of

our ienses are given in Fig. 4,

   The linear dispersion of the monochrometer on the second sHt is computed

at seven wavelengths and given in Table 1, The width of the second slit can
b3 changed from O.1mm to 3mm, and hence the band width that is cut off by
the second slit corresponds at least to 20 A at 4000 A.

                Table 1. The linear dispersion of the monochrometer.

Wavelength

    o 2967 A

 4046

 4861

 5875

 6563

 7682

IOOOO

15000

Meanlinear dispersion

      o 196.29 A/mm
 431.21

 774.04

1186.21

2648.44

2272.54

3816.79

    In addition, it may be pointed out that the remarkable dificulties to obtain

the optical surfaces of crystalized LiF lies in the softness of the material. It

seems almost impossible to finish fine surfaces. Our optical element of LiF

has been polished almost satisfactorily with enormous efforts by the staffs of

Chiyoda Kogaku Co., Osaka, Japan.

6. The grating

   The main dispersing element used in ottr spectrograph is a Bausch & Lomb
grating. The characteristics are shown as follows :

           Ruled area : 127Å~203 mm
           Grooves/mm : 6eO
          BIazed angle : 17027'
          Blazed wavelength : 1pt (lst order)

           Eficiency : 689of (lst order)

   The theoretical ckromatic resolving power of a grating can be estimated by

the following formula :

                                R ww mn,

where m represents the order of the spectrum and n the nurr}ber of grooves.
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For our spectrograph, we have

                         R=: 121,800 (lst order),

                         R =- 609,OOO (5th order).

    The linear dispersion, or plate factor, of a grating spectrograph is obtained

by the following formula:

                             dL mf
                              AZ acos B'

where a is the groove spacing, f the focal length of the imaging mirror, and

B the angle of diffraction.

    For the Littrow-type grating spectrograph, the maximum eMciency is
achieved with following condition :

                            o .. a2HFS =t a =B,

where a is the angle of incidence and 0 the blazed angle. With the above con-

dition, the plate factor is computed and is given in Fig. 5.

   As seen in Fig. 5, tke plate factor, O.1A/mm, is realized with the third

order spectrum or higher. On the other hand, tke resolving power of photo-
graphic plate or film is limited by the finite size of the emulsion grain. The

i'Xt /s}un

e, rJ m ,=,2
= >-ti                       •vx,.s nt-4 N

                -                   ro 1() .15 xlcylA
               Fig. 5. The plate factor cornputed for the Littrow-type.

resolving power of the fifth order spectrum, R==609,OOO, corresponds to 36pt on

the focal plane. Hence, the minimum resolving width of the grating spectrograph

is alfnost comparable with the size of ordinary photographic grain. This is the

reason why we choose focal length of 15m for our imaging mirror in the
spectrograph.
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    With respect to the supporting system of the grating a special care was
paid on the simplicity and correctness of the fine adjustment of the grating.

All the mechanical parts of our spectrograph were constructed with our desired

accuracy in the Tsugami Precision Works Co., Tokyo, Japan (see Plate III).

L' ,....,...t...

Plate III. The grating and its supporter.

    At the first stage of our solar research, we are mainly interested in the

spectrographic and spectroheliographic observations of the sun. However, the

photoelectric scanning over the certain wavelength range may be also possible

for our spectrograph. The rotational motion can be performed by two synchgo-

nous motors with the current supplied by a quartz oscillator. The rate of
rotational motion can be changed from 1' to 50' per minute discretely in seven

/steps by gear train.

6. Spectroheliograph

   Our spectrograph can be used as a spectroheliograph. The third slit in front

of the heliograph is just on the focal plane of the grating spectrograph and

•cuts out the desired wavelength range from the spectrum. The photographic

plate on the sliding rail of heliograph is driven uniformly by a motor with

current supplied by the quartz oscillator. Moreover, the rate of the speed may



332 Y, NAKA! and J. KUBOTA
be changed with four steps in accordance with the slit widths of the heliograph

and sensitivity of plate emulsion. The didiculties in obtaining the round image

of the sun may be removed as far as we can provide uniform motion of the
solar image at any necessary rate of speed on the slit of the spectrograph.

   The chief disadvantage of our instrument Iies in the fact that only a small

part of the solar image can be scanned, because of the large solar image formed

by the solar telescope and also because of the didiculties in obtaining the uniform

motion over a long range. However, our spectroheliogram may have a dimension

enough to cover the active region seen around the moderate spot groups.

   In interpreting the spectroheliogram, it is fundamentally important to locate

the wavelength range cut out from the solar spectrum. For our spectrohelio-

graph, a simple device is provided to satisfy this requirement. This is narrow

cutting just behind the slit jaw on the focal plane of our spectrograph. Inserting

the photographic plate into this cutting, the solar spectrum and the image of

slit jaw can be photographed simultaneously on a plate, which shows us precisely

the slit position on the solar spectrum.
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