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                                 ABSTRACT

        The quality of images for some Schmidt cameras, which are designated as
    Types I."IV and whose design data are given in Table I, is examined with the
    aid of the spot diagrams. Particular attention is paid on the color aberration
    over the wide wave-Iength range R2 35eO-85eOA. Following results are obtained in

    the examinations ;
        (1) For the cameras with long focal Iengths (Cameras of Types I-vlll), the
    confusion of images could be reduced within grain size of 20"v30 pt when the f-ratio
    is equal or greater than 3, while it surpasses the grain size when the f-ratio is
    equal or less than 2.5.
        (2) Two corrector p}ates, at least, are required in order to reduce the color
    confusion over the above-mentioned wave-length range by changing the corrector
    plate.
        (3) The effect of aperture stop of corrector plate becomes significant when
    the aperture is stopped down to the neutral zone of corrector plate.
        (4) Bowen's method of inserting a plane-parallel plate just before the focal
    plane is eracient for improving the color confusion over a wide wave-length range,
    but only in a very limited feld around the optical axis.

1. IntroducSion

    Since Bernhard Schmidt introdttced the so-called Schrnidt camera in 193e,
the theory of its aberration has been established through the efforts of Cara-
th6odoryi), Lucy2}, Bowen3), Linioot4}, and others.
   The optical sysÅíems of Schmidt camera is principally composed of a cor-
rector plate and a spherical mirror, and the shape of the former is designed so
as to the Seidel aberration is accurately corrected for an particular wave length
which we call the baslc wave length. For rays of other wave lengths color
confusions will inevitably occur owing to the wave-length dependence of the re-
fractive index of corrector-plate glass. It is then a basic problem on the design
of optical system to reduce these color confusions within a certain limit over a
wide wave-length range.
    The purpose of the present investigation is to examine the quality of image



96 S. KAWAI and T. KOGURE
for some Schmldt cameras with the aid of the spot diagrams. Particular at-
tention is paid on the following problems :
    1) How many corrector plates, at least, sbouid be prepared in order to
reduge the color confusion ov.er a wave-length range from ultraviolet,say R
3500 A, to infrared, say R 8500 A, by changing the corrector plate?
    2) When a corrector plate is once seÅí and it is not exchangeable, are there
some ways to reduce the color confusions? The stopping down of the aperture
ot corrector plate, the shiftlng of the focal plane for each color, are these ef-
fective ways? Or, to what extent can the color conÅ}usion be removed by in-
serting a plane-paraliel plate just beiore the focal plane?
   Tke construction oE Schmidt camera which premises achromatic images over
a wide wave-length range is a growing requirement in the astronomical obser-
vations. It is therefore worthwhile to examine the optical systems of Schmidt
camera from this point of view. The present investigation was set about by
the proposal of Professor T. Shimizu of Kyoto University for the purpose of
obtaining the basic data on the optical system of large Schmidt teiescopes which
include two largest ones in the world.
    The Schmidt cameras subrnitted to the present investigation count four
types, named as Type I, II, III, and IV, whose design data are given in Table
I. The Type IV camera is the one now under way of trial production at the
Government Industrial Research Institute, Osaka.

                     Table I. Design data of Schmidt cameras*.

Type I II

Observatory**

Diameter of corrector plate

Diameter of spherical rnirror

Radius of curvature of spherical mirror

Focal ratio

Effective field angle l

Uppsala
 1000
 1780
 6000
    3
  7.so

1200

2100

7200

  3
7. 2o

III

Palomer
 1200
 1830
 6000
  2.5
  6.o"

IV

 400

 700

2400

  3
7. o"

   * The unit of }engtk is milli-meter.
  ** The Type I and III cameras correspond to the Schmidt telescopes of the respective
    observatories only in the diameter of corrector plate and the focal ratio.

2. Preparation for computation

a) Optical system and coordinate system
    The optical system is, as shown in Flgttre 1, composed of a corrector plate,
a spherical mirror, and, if necessary, a plane-parallel or spherical filter glass
placed just before the focal plane.
    The corrector plate has a flat surface on the one side and an aspheric
surface which forms a revolution of the fourth order algebraic curve, given by
equation (2), on the other side. The iatter is faced to the spherical mirror.
The vertex of this aspheric sttrface is also the center of curvature both of the
spherica! mirror and ot the spherical image surface.
    The coordinate sysÅíem is taken here as follows : X-axis coincides with the
optical axis directed to the spherical mirror and Y-axls is perpendicular to it.
These two axes compose a meridional plane. Z-axis is perpendiculay to this
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                          Fig. 1. 0ptical system.
      Oi: Vertex of the Åëorrector plate, and also the center of curvature both of
          the spherical mirror and of the image surface.
      02: Vertex of the spherical mirror.
      03: Vertex of the image surface.
      Åë : Semi-field angle.
      R : Radius of curvature of the spherical mirror.
      R' : Radius of curvature of the image surface.
      Ti; Distance between the vertexes of corrector plate and of spherical mirror.
      T2: Distance between the vertexes of spherical mirror and of image surface.

plane and forms, together with the other axes, a right-handed rectangular
coordinate system. The origin of the coordinates is placed at the vertex of
corrector plate or of the other surface according to the convenience of com-
putation.

   The glass material used for the corrector plate is BK 7. The refractive
indices of BK 7 are taken from the data table of Jenaer Glaswerk Schott &
                                     eeGen., Mainz, except the values at 350eA and 8500A, ior which estirnation is
made with the aid of the Conrady's interpolation formulae5) :

                            n==no+atv+bw3'5, (1)
where

                                                     '

and w===1/R, R being
of light ray expressed m units of
micron. The resu!tant refractive
index is given in Figure 2.
b) Distribution of sampling points
   Let us suppose a plane which tan-
gentially contacts with the aspheric
surface of corrector plate at its vertex,

and make a lattice on this plane with
straight lines parallel to Y and Z axes,
respectively. The lattice points inside
the circle of radius corresponding to
the aperture of corrector plate give
the sampling points of ray tracing.
Each light ray passing through the

ne == nd - O.84895 (nf - nc) + O. 92452 (n,t - nf)

a -= O.69108 (nf - nc) - O.81775(ne, - nf) ,

b = - 9.29980 (nf - nc) + 9.63529 (na, - nf) ,
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sampllng point is refiected at the spherical mirror and transmitted to the image
surface to make a spot. Tlte distribution of these spots for parallel incident
rays yields a spot diagram of a point light source at infinity.
   The light ray passing the vertex of corrector plate in the meridional p!ane
is called the principal ray, which usually makes a semi-field ang!e di with the
optical axis. The ray is cal!ed on-axis or off-axis when Åë==O or ÅëffkO, respective-
ly. Tlte sign convention is the same as that of the ordinary ray tracing.
c) Computer
   The calculation of ray tracing was carried out with the aid of OKITAC-
5090C at the Government Industrial Research Institute, and the plotting of final
data giving the spot diagrams was made by the XYZ-plotter manufactured by
Iwasaki Co.
   The prograrnming was executed according to the forrnttlae due to Feder6).

3. Position of best focus

   The best focus is, in this paper, defined as the position of the circle of least
confuslon. This is determined by the following procedure. Since all of the
rays reflected at the spherical mirror converges near the best tocus, we first
put two arbitrary image planes near Åíhe converging point and compute the Y
coordinates of the points at which the samp!ing light rays cross these planes.
Then, connecting the two corresponding points on these planes, we can find the
position of the circle of least coniusion, T2, which is given as the distance from
the vertex of the spherical mirroy. Examples are shown in Figures 4 and 8.

4. A property en the spherical aberration

   The aspheric surface oi the corrector plate is expressed by
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                           (y2+z2)-feD2(y2+z2)2                                              , (2)                        xx                                4(n-1) R3

where n, R, and D denote the retractive index of corrector-plate glass, radius
of curvature ot the spherical mirror, and the semi-diameter of corrector plate,
repectively. k is an adjustable constant, and Bowen3) has shown that the
chromatic aberration is minimized when fe==1.5.
   According to Bowen3}, the ray passing through the corrector plate at a
height y in the meridional plane gives rise to a linear displacemenÅí, 6, from the
optical axis at the focal plane. In our notation, 6 is given by

                                (2y3 - feD2y)                             6- 4R, • (3)
It is to be noticed that the linear displacement 6is free from the value of n,
the index of correetor-plate glass at the basic wave lengÅíh, in contrast wlth the
shape of aspheric surface of the corrector plate expressed by equation (2)•
This irnplies that, once the aperture of corrector piate and the radius of curva-
ture of the spherical mirror are given, the transversal sphericai aberration of
a ray of the basic wave length is independent of the adopted value of the basic
wave length regardless of the shape of corrector plate. The magnitude of aber-
ration is a functlon only of the incident height aÅí the corrector plate.
   This property is confirmed again by the present mer!dional ray tracing. An
example for the transversal spherical aberration in the case of Type IV camera
is given in Table II, where the heights of a ray at the corrector plate (incident
height), at the main mirror, and at an image plane arb.ltrarily seteled near the
best foctts, are shown for two basic wave lengths, 5876A and 4358A. The last
colurnn of Table II yields the transversal spherical aberration in question•
Agreement is quite saSisfactory between two cases of different basic wave lengths
for the corresponding incident height. This is the numerical verification of
Bowen's property mentioned above.

      Table II. Transversal spherical aberration at two different basic wave lengths•

Basic wave
  length

5876A (d-line)

Position of
image plane at corrector plate
           (incident height)

Height of ray

-1196.8mm
100. 000 mm

lso. oeo

200.000

at spherica} mirror <spha et rlYa9gaebePriraaCt9•on)

 99. 653076 mm

149.80506

200.34601

6. 1343607 micron

8.8675984

7.5675755

loo.oeo 99.653074 6.1343607
e4358A(g-line) -1196,8 150.000 149.80506 8.8675984

200.000 200.346el 7.5675960

5. Spotdiagrams

   In this section we present the spot diagrams constructed for various wave
lengths and examEne the color effect on the quality of images in each type of
Schmidt camera given in Table I.
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radius of curvature of image surface.

The best focus (T2)

Type
Type
Type
Type

I

II

III

IV

E
E -2992. 14 mm

-3590. 57

-2988.652
-1196. 856

Radius of curvature
 surface (R'•)

of image

-3007. 86 rnm

-3609. 43

-3011.348
-1203.144

Table
  the

IV.
unit

Diameter
in Iength

 Sitf image of
micron,)

    .oR-axls rays. (The basiÅë wave Iength is 2 435sA and

Type
Type
Type
Type

I

II

IH
IV

3sooA

14. 4

17.5

21.4

 5.8

 4o47A
(h-line)

 5.9

 6.6

16. 6

 2.3

 4358A
(g-line)

E
:li,

;

 4861A
(F-iine)

15.6

18.4

34. 0

 6.2

 5876A
(d-line)

24.2

28. 6

48. 4

 9.7

ssooA

35.2

41.8

66.8

14. 0

Tab!e
  the

v.
unit

Confusion
in length

of
is

image of
micron.)

off-axis rays. (The basic wave Iength is 2 435sA and

3sooA

Ymax
 rm Y7rbtn

Zojsam

 -Zmin

g-line

Y7i}am

 ' Ymin
Z7)mux

 m Z7nin

F-line ssooA

Y7i}ax
 - Y7isin

Z?)scix

 - Z"ein
Ymax
 - Ymin

Z?)uix
 rm Z7tb-Sn

TypeI I2s.3 14.8
8.8il

16.8 14.5 32.8 34.0

31.1 lg.oI 15.6 10.1 19.0 17.3 39.4 39.8

33.1 22.6 26.3 22.8 34.4 33.0 64.7 65.6

TypeIV 10.3 6.2 5.4 3.5 6.5 5.9 13.3 13.7
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                THE SPOT DIAGRAMS OF SCHMIDT CAMERA 105

   The fi.rst series of Figures gives the cases in which the basic wave length
of 7, 4358 A (g-line) is used for determlning thav shapD of corrector plate. Figures
4arv4d illustrate the converg3ncs of rays near the best focus for thza.. cameras
of Types I-vlV, respectively. The position of best foctts and the radius of image
surface are shown in Table III. In Figures 5a--5d are shown the spot diagrams
at six wave lengths computed at the best focal surface of basic wave length.
The upper half of each figttre yields the case of on-axis ray and the lower half
the case of off-axls ray. The diam3ter of images of on-axis ray and the con-
fusion of images of off-axis ray are summarizad in Tables IV and V.
   The second series of Figures is devoted to the cases of the basic wave
            olength R 6563A (C-line).

      -1196,9

Figure 6 showbrs

 -1196.e
-2ooO

lbeo

1250
10

-1750 DOO
Circtt otIeast centuslon

T2 =-1196 .a56 750

.
5 t 500

25e

-250

-500

-7so

-10oo
1750

-to
-1250

20oo -ssoe

Fig. 6. Convergence of rays near the best
 focus for Type IV camera. The basic wave
 length is R 6563A (C-line).

Table VI. Diameter of image of on-axis rays.
  the unit in length is micron.)

the convergence of rayb"s near the
 best focus for the Type IV camera.
 When compared with Figure 4d,
 the agreement between these two
 figures is quite satisfactory, re-
 gardless of difference in the adopt-
 ed basic wave length. This is an
 another verification of the pro-
 perty stated in Section 4. Spot
 diagrams at six wave lengths are
 shown in Figures 7a--7d. The
 image sizes in these cases are
 given in Tables VI and VII, for
 on-axis and off-axis rays, respec-
 tively

(The basic wave length is ?, 6563A and

Type I
Type II

Type III

Type IV

3sooA

35.8

43.0

57. 0

14.2

4861A
(F-}ine)

7.6

9.3

11.8

3.0

 6563A
(C-line)

 9.5

11.0

23. 8

3.8

 7682A
(A'-line)

13. 6

16.0

30. 6

 5.4

ssoeA

15. 6

18. 6

34. 2

 6.2

Table VII. Confusion of image of off-axis rays.
 the unit in length is micron.)

(The basic wave length is 2 6563A and

Type I
Type II

Type III

Type IV

3seoA

Y7i}ax

- Ymin

45.9

52.1

63.3

16.5

Zmax
' Z71}i21

36. 8

44. 4

58.0

14.6

4861A (F-line)

Yveax
mYmtn

22. 3

23.9

24. 0

7.8

Zmax
rm

 Z7n'tn

 9.4

10.6

12. 6

3.4

6563A (C-line)

Y7)b{tx

- Ymin

14.8

15. 7

26.4

5.4

Zmax
 -Zvbln

8.8

10.1

22. 6

3.5

ssooA

Ymax
-Ymin

17. 3

19.1

34. 6

6.5

Z7nax
-Zmin

i

14. 8

17.4
33. 0

 5.9
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6. Ex•amination of the spot diagrams

    The spot diagrams should be examined, in general, by the extension, homo-
geneity, and/or the asymmetry of the distribttting spots, among which the ex-
tension of image should be compared with some critical length on the image
surface.
    Ideally speaking, it is desirable to employ the diameter of Airy disk as the
criterion. The theoretical raditts, p, of Airy disk is given by

                             p== 1.22 RF microns,

where Z and F denote the wave iength of ray measttred in micron and the focal
ratio of the optical system, respectively. For cameras of Types I--IV, the
                                   ediameters of Airy disk, 2p, at 2 5876A (d-line) take the values as

                           f 4.3 microns                                           for Type I
                       ,,.melglg                                           for Type II
                           t4.3 igi '.ygg ll'

These' values are so srnall, when compared with the extension of computed
spot diagrams in Section 5, that it is almost impossible to reduce the image size
within these values by any realistic optical system, particularly for cameras
with longer focal lengths such as Types Itvlll. It is then not practical Åíor the
present purpose to adopt the diameter of Airy disk as the criterion of image
inspection.
    In astronomical observations, the reso!ving power of 1 see. of arc is often
required for the precise measurement, for example, in the position determination
of stars, in the merphological discrimination of faint galaxies, and in others.
On the focal surface, thjs scale length is called the photographic plate scale and
designated by q in units of micron per second of arc. The value of q for each

camera ls glven as

                          ( 14.5 microns for Type I
                          J 17.4                                          for Type II
                       q=ii 14.5 for.Type lll
                          l 5.8                          . for Type lV
Moreover, when observation is made on the photographic plate, the grain size
also limits the quality ef image. In the emuision of ordinary astronomical
photographic plate, the grain size, P, is usually given as

                             p=20tv30 microns.

In this way we have a general relation :

                            P>q and q>2p.
This infers that one may adopt the value of P as the practical criterlon of
image inspection.
    Let us now examine the spot diagrams by making use of the practical cri-
terion, P. Since, however, the result of inspection could be akered depending
on which value of P, P=20 or P=30, is used, we shall make our inspection for
these two values, separately. The preference of the value of P properly depends

,
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on the purpose of observations.
   Once the value of P is glven, the achromatlc range for each optical system
is defined as the spectral region within which the extension of image ls a!ways
smaller than P.
(1) Case ot P== 20pt
   The achromatic range may be determined fgom Tables IV, V, and Figures
5atv5d when the basic wave length is R 4358A (g-line), or, frorn Tables VI,
                                                        eVII, and Figures 7aN7d when the basic wave length is 2 6563A (C-line). The
results are as follows :

                                     Achromatic range (p==20pt)

Basic wave length

Types I and II

Type III

Type IV

43s8A 6s63A

E

3seo-4s61A 4s61-ssooA
Not exist Not exist
                          eWhole spectral region (3500-8500A)

In deriving these achromatic ranges, a!lowance is made in estimating the size
of elongated image of off-axis ray as a circle oi its minor axis. This is by the
reason that the distribution density of disrJerb"ed spots is b'so low tha`L tliese spoÅís

scarecely contribute to actual image formation in the practical photography.
(2) Case of P=30ge
   The same tables and figures as in ehe above case yield the following achro-
matic ranges under the same allowance for elongated irnages of off-axis rays.

                                     Achromatic range (P =30pt)

Basic wave length

Types I and II

Type III

Type IV

   o4358A 6s63A

3500-5876A 4861-8500A
3500-4358 4861-7682
Whole spectral region (3500-8500A)

   It is shown as the result that, for Schmidt cameras of Iong focal lengths
such as Types Itvlll, the focal ratio 3 is a critical value in the examination of
images. For cameras of TypesIand II with 3.0/F, the achromatic range is
able'to cover the whole spectral region of P,R 3500-8500A even in the case of

P=tt20pt, if the two correcSor plates, one of which is designed for the wave
length ?, 4358A and the other is for 2, 6563A, are prepared as exchangeable.

On the other hand, the confusion o"mage of Type III camera with 2.5/F could
not be reduced to within P=20pt at any wavelength. Only under the lenient
criterion of P=30pt, the achromatic range could cover the main part of the
above spectral region. Besides, the small Schmidt camera such as Type IV
provides the achromatic images over the whole spectral region by a single cor-
rector plate when it is prepared at a suitable wave length.
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7. Effect of aperture stop of eorrector plate

   Let us define in advance the neutral zone of corrector plate as the height
ln Y-axis at which tangential plane to the aspheric surface is parallel to YZ-
plane. Usually the neutral zone appears at about 80 percent of the full aperture.
   Now, from the examination oÅ} Figures 4(c) and 8 on the Type III camera,
we easi!y ascertain the two properties concerning the color confusion of images :
(i) the iarge confusions of image at the 11nes of g (the basic wave length), d,
A', and at 1 8500A are rnainly attributed to the marginal rays which are inci-

dent upon the corrector plate outside the netttral zone (Dex 519,6 mm for Type
III camera), and (ii) the position of best focus at each color remains almost
unchanged within the limlt of O.Ol mm in its displacemenÅí.
   The second property infers that the adjustment of the position of focal
plane has negligent effect on reducing the color conÅíus!on. That is to say,
the spot diagrams given in Figure 5c, which are constructed on the image
                                    esurface of the basic wave length 2 4358 A, will not be improved even aiter the
image surface is shifted to the respective position asigned in Figure 8.
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       Fig. 8. Convergence of rays in 'rype III camera for various wave lengths.
         The basic wave length is 2 4358 A.

   On the contrary, the property (i) prov!des a possibility of reducing the color
confusion, if the icperture stop of corrector plate and the adjustment of focal
surface are both permissibie. In order to investigate this effect on the case of
Type III camera, let us consider the modified camera, designated as Type III',
whose aperture of corrector plate is stopped down to its neutral zone. After
determining the posltion of best foctts by the meridional ray tracing, the spot
diagrams at five wave lengths are constructed and shown in Figure 9. 0ne
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imediately sees that the quality of image is considerably improved: the color
confusion is reduced and the unsymmetric aberration does not appear. The
posltion of best focus and its displacement from tha•t• of Type III are shown in
Table VIII at every wave-length. The comparison of image quality between
Type III and Type III' are given in Table IX. In this aperture stop, the speed
of optical system, whic-h is inversely proportional to the square of the focal
ratio, F, is redttced in Type III' to (519.6/600.e)2===O.75 of Type III camera.

   Table VIII. Best focus of Type III'. The position and its displacement frorn that of
    Type III. (The basic wave length is ?, 4358A.)

3sooA
.cr-line

d-line

A'-line

ssooA

Best focus (T2) Displacement of best focus
    T2(III')-T,(III)

-2988. 633 mm
-2988.71e
-2988.756

-2988.786
-2988.793

+O. O19 mm
-O. 058

-O.104
-O. 134

-O. 141

       Table IX. Comparison of the images between Type III and Type III'.
(a) On-axis ray (Åë=O.O):Image radius is given in units of micron.

Type III
Type III'

(III')/(III)

3sooA

9.6

9.3

e. 97

4358A (g-line)

11.9

 4.1

 e.34

5876A (d-line)

25.0

12. 2

 O. 49

ssooA

34.2
18. 8

 e.55

(b) Off-axis ray (Åë=:3.0"): Confusion of image is given in units of micron,

Type III

Type III'

(IIIt)/(III)

3sooA

Y7nax
 - Y7)ein

I 4358A (g-line) l ss76A (d-line)

33.0

25. 4

 O.77

      IZmax IYmam
      I -Yonin - Z"}•in

22. 6

18. 8

 O.83

26.3

 9.3

 O.35

Zmax
 - Zmin

23. 0

 s.e

 O.35

Y7tbax

 - Ymin

47. 4

22. 7

 e. 48

Zv}czx

 -Zmin

47.2

24. 0

 O. 51

ssooA

Ymax
mYmtn

64.7

33.7

 O. 52

Z7tbaÅë

 - Zmin

65.6

37. 4

 O.57

    For any other type cameras, the situation will be the same, and the effect
of aperture stop of corrector'plate will become significant for irnproving the
color confusion, particulary in the longer wave-length region, when the aperture
is stopped down to its neutral zone.

8. Effect of a plane-parallel plate inserted just before the fecal surface

    Bowen3) polnted out that a plane-parallel plate which was placed in the
converging beam introduced a small amount of over-corrected spherical aber-
ration. He then suggested to make use of such a plate for the purpose of cor-
recting the residual chromatic aberration oS corrector plate over a wide wave-
length range.
   Let n and n' be the refractive indices of corrector-plate glass at the basic
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wave length, which is suitably chosen near Åíhe short wave-length end of color
range, and at the wave length in question, respectively, and also, iet N be the
refractive index of the plane-parallel piate at the wave length in question. Then
the thickness of the plane-parallel plate, d', which assures the required correc-
tion of color confusion, is givek by, after Bowen,

                                N3f(n - n')                           di -                                                                     (4)                              4(N2-1) (n-1)' •

   On the basis of this formttla let us examine the effect of the plane parallel
plate in the case of Type I camera. The disposition ef optical elements is shown
in Figure 10, together with the necessary symbols of geometrical relations
which are designated similarly with those of Figure 1. In Figure IO the symbols
T3, R2 and R3 denote the thickness and radii of curvature of both sides of the
inserted plate, and T4 indicates the distance between the image surface and
the inserted plate on the X-axis. In the present case we put T3-=d', R2=mR3ttx
oo, and T4=O.O. We shall call this modified camera as Type I'.

SPHERtCALMLRROR'

CORRECTORFLATE(eK7 )
PLANEesRALLELPLATE

(ex7)
T4' o,o

ptlptipat gov
. epticatutk

. "..t eq

los
R -

g

fT3 T2

Tl -m-'-- "i
,

         Fig. Ie. Disposition of optical system when a plane-paralle} plate is
          inserted just before the image surface.

   The basic wave length adopted here is R3500A and the design data of
Type I' carnera are given in Table X. The spot diagrams computed for the
basic wave length R 3500A are illustrated in Figure ll. The upper two dia-
grams are of TypeI camera for the cases of on-axis and of off-axis of Åë=3.8e
at t•heir best focal surfaces. The middle three are the spot diagrams of Type
I' camera for the on-axis rays at the wave lengths P,7, 4047, 5876, and 8500A,

respectively, while the lower three are the same diagrarris for the off-axis rays
Of Åë - 3.80.

   It is remarkable in Figure 11 that, in the case of on-axis ray of Type I'
camera, the image quality is excellently improved over the whole wave-length

  Table X. Design data of Type I' at three wave lengths for the basic wave length
    ). 3500A. (The refractive indices appeared in equation (4) are: n= 1.53903 at 3500A and

    n' ==N at the other wave lengths)•

   `4047A
5876

8500

(h-line)

(d-Iine)

n'  =N l

1. 52979

1.51633

1.50958

T2

-2969. 926 mm
-2937. 008

-2920.296

T3(= dt)

- 34.2mm
- 84.1
-109.1

T, l R2

gg
R3

ii
 oO 

R4

-2995. 874 mm

-2978.892
-2970. 604
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   Fig. 11. Spot diagrams of TypeI and Type I' cameras for illustrating the effect of
     plane-parallel plate inserted just before the focal surface. The basic wave length
     is 2 3soo A.

                oorange from 3500 A to 8500 A. On the contrary, in the case of off-axis ray, there
appears asymmetric off-axis aberration (coma) in each color and the confusion
                                                     eof irnage increases even up to 150 microns at 28500A. These results infer
that the effect of a plane-parallel plate in the improvement of color confusion
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over a wide wave-length range is excellent but only
field angle. Moreover, one must bear in mind that the
parallel plate increases with increasing of wave length
and it reaches even 10 cm at R 8500 A.

m a very
thickness

 as seen

 limited semi-
 of the plane-
from Table X

9. Effect of extended aperture of corrector plate

    In the preceding sections, it has become evident, for the Schmidt cameras
with long focal lengths such as Types 1•vlll, that the confusion of image can
be reduced within the grain size of P-20 or 30 pt only when the f-ratio is equal to
or larger than 3. Sometimes, however, there arises a strong requirement for
a high-speed camera with the f-ratio of 2.5 or less, even at some sacrifice of
image quality. For example, photometric observations of faint extended ne-
bulosities will be favored by such a camera.
    As already seen, Type II camera principally serves for high-resolution ob-
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servations by its image of high quality. If the corrector plate is set extensible
over the norrnal aperture of Type II camera and other part ot the opticai
system is left as it is, then we shall have a high-speed camera according to
observer's requirement. Usually one may stop the corrector plate down to its
normal aperture. By this way of aperture extension, can we reconcile thetwo
requirement of high-resolution observations and of a high-speed camera? In
order to investigate this problem we examine the image quality of this modified
camera wh!ch we call Type II'. The optical system of Type II' camera differs
from that of Type II in the foliowlng points: the semi-diameter of corrector
plate is 700.0mm where the extension is made as an extrapolation of equation
(2) for the originai semi-diameter of 600.0mm, the focal ratio is 2.6 and tlte
unvignetted semi-fieid angle is 2.8e.
    In Figure 12 are shown the spot diagrams, computed at the best focus of
of Type II for the basic wave-length 2 5876A (d-llne). Figure 12(a) gives the
spot diagrams for the original Type II camera, and Figure 12(b) gives those
for the modified Type II'. It is apparent that the rays which are incident upon
the extended zone of corrector plate do not contribute to the image Åíormation
but only act to produce halos arround the original images and thus to deteriorate
the definition of image. Therefore the extension of corrector plate is not a
practical way to combine a high-resolution camera and a high-speed camera.

10. Cenclusion

    In reply to the questions posed in Section 1, we can summarize our con-
clusions as follows :
    (1) For Schmidt cameras of long focal lengths such as Types INIII, two
correetor plates are needed to cover the whole spectral range of R2, 3500-85eOA
keeping the image size within the grain size of P==20 when f-ratio is 3, or of
P=30 when f-ratio is 2.5, On the contrary, the small Schmidt camera such as
Type IV provides the achromatic images over the whole spectral region by a
single corrector plate.
    (2) The effect of aperÅíure stop of corrector plate is signlficant torimprov-
ing the color confusien, particularly in the longer wave-length region, when the
aperture is stopped down to its neutral zone.
    (3) The adjustment of focal plane for different colors is alrnost ineffective
for any type of Schrnidt cameras.
    (4) The effect of a plane-parallel plate inserted just before the focal sur-
face is excellent to remove the color confusion over a wide color range, bttt
limited in a very small seml-field angle. When the thickness of the plane-
parallel plate ls taken into account, this method may be impractical.
    (5) A trial to make a high-speed camera by extending the corrector plate
is not successful.
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