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                             ABSTRACT

   The results of the three-color photoelectric observations of standard stars are
reported, with a brief description of our apparatus. The observed celors for these
stars are listed in Table 1. The two-color diagram obtained is illustrated in Fig. 5.
It is noticed there that (i) clear separation of the luminosity class III from the class
V is seen and (ii) the class I !ooks as if it were also distinguishable from the other

two, but it may be due to the space reddening. Concerning the locations of the giants
and supergiants relative to the main sequence on the diagram estimated quantitatively
by use of Stebbins-Whitford's six-co}or photometric data, those of the formers coincide

well with our observational data as they stand, whi!e those of the latters deviate in

respective amounts just as nearly expected from the reddening corrections based en
Arp's preliminary intrinsic celors. The second fact may not only serve as a verifica-
tion of Arp's intrinsic color but also open a way for evaluating the space reddening
of supergiants.

1. Photometrie apparatus

   From autumn, 1959 the U, B, Y photoelectric observatlon with the use of a

30cm Cooke-refractor was started at our observatory.

   The photometric apparatus is of a conventional construction. A general view

of the apparatus is shown in the accompanying picture. Fig.1 shows the photo-

meter head; the principal parts of which are as follows: a field-finding eyepiece,

a focal-plane setting eyepiece, focal-plane diaphragms, a fiIter-ltolder, a Fabry

lens, an RCA IP21 photomu}tiplier and an ice-box. Either of the eyepieces is

arranged by a diagonal prism so as to be withdrawn from tke llght beam except

when a star image ln the diaphragm is looi<ed at for certifying. The focal-plane

diaphragms are O.5, 1, 2 and 10 mm in diameter, corresponding to 20", 40'i, 80" and

400" respectively, among which the 2mm-diaphragm has been most!y used. A set

of diaphragms as well as that of filters are inserted in respective yotatable plates
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by which their quick and smooth exchanges are possible,

A Fabry lens through which the exit pupil of the

on the cathod ef tlte pkotomultiplier, is used for letting

error be free so long as the star image is within

multiplier can be refrigerated with dry-ice in tbe

tion is necessary for the stars brighter than the 8th

are as follows :

         Color U 'B
         Filter UV- D2 Y- V2+ UV- 39*
         Thickness 1 1           (mm)
                  * For cut-off of the ultraviolet

These were selected from Matsuda glass filters so that

resemble to those of Johnson's standard system (1)

response curve of each filter combined with the

in Fig. 2. With regard to the transmission of the

mentioned in a later section.

   The D.C. amplifier designed by us was at
different from Kron's (2) and was made at Nippon
gircuit diagram witk that of tlte power supply is s

           i   Field-fincling eyepiece

    eyeplece

       head.

      instead of sliding plates.
i

 te}escope objective is imaged

     the effect of the guiding

  the diaphragm. The photo-
ice-box, though no such opera-

  magnitude. The filters used

             V
           V-03C

  12
 radiation.

    their transmissions might

  as closely as possible. The

photomultipiier IP21 is shown

 refractor objeetive, it will be

first of a type not so much
    Denkikizai Co., Ltd. Its

hown in Figs. 3A and 3B. T. he
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                      Pogson's light ratio 158489.

After several months since its construction, howeveer, it was found that the
                                                                1linearity of the amplifier was unsatisfagtory for switching S2 on 1, 1-2-,2 and

2- ll-• Hence, Si was replaced wlth the newly devised attenuator for letting these .

steps in S2 be out of use. This attenuator has 15 steps of every O.5 magnitudie

interva! as indicated in the circuit diagram in Fig. 3C, The test measurements of
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the linearity of the amp}ifier illustrated in Fig. 4 showed that deviations from

the linearity do not exceed 19o! over the whole measurable range, or from O up

to 10mV of the output voitage. The zero-point drift of the amplifier is also kept

within 1!Oo! after a warm-up period of 30-40 minutes. The high vo!tage of the IP21

is suppliect by the integrating dry batteries, keeping 900V for all the stars iess

luminous than the 2nd magnitude. In order to avoid the effect of the interbattery

!eakage which is so serious in such a p!ace of high humidity as in Kyoto, each

battery was enveloped with thin membrane of parathn. This has been proved

very effective.

o
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         Fig. 4. Linearity of the ampiifier. Input voltage is in arbitrary scale.

                      '
   Recordings of the measurements are taken with the aid of a IOmV Brown

recording potentiometer with the time-constant of 3 seconds manufactured by

Yokogawa ElectricWorks Co., Ltd. According to the manufacturer the accuracy

of recoyding is to be within O.59o!. Full scale defiection on the recorder cor-

responds to a maximum current sensitivity of O.7Å~10ww'i amperes. To get rid of

long period variation of A.C. input, the voitage stabilizer with the saturab!e

reactor as its regulation element is utilized, in the stage prior to the power

suppiy of the D. C. amplifier.
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2. 0bservations and reduetions

    We have observed about 70 standard stars taken from the !ists of Johnson-

Harris (3), Johnson-Morgan (4) andJohnson (5). Tkese stars were selected so
as'  to be distributed evenly in thg right ascension and yet to inciude various

kinds of stars respecting the spectra1 type as well as the iuminosity class.

    Our observations were carried out mainiy in the east side of the meridian

in order to lessen the influence of the scattered light from Kyoto City. And

even when it was obliged to observe in the west side, the observed zenith
distances were restricted within 300 and yet these results were separately reduced

from those in the east side at the same night.

    A single observation consisted of the defiection recordings of the three colors

(V, B, U in succession) of the star and the sky, and then the dark if required.

No return recordings were made because it seemed preferabie to gain more.
independent observations.

    The observed color indices C(Bmv), and C(u-B), obtained from tlie defiections

were reduced to the ones outside the atmosphere CB-v and CuwwB in the usual

way, either by tke method of least squares or the graphica! means. Namely,

                       gz--::S,(2ww-g',:Ik'z--gs,gc,z•,] (i,

where
                       Ez-x:2i,"le,i,gzntwwxl ] (2),

But, when such a lineaxity between K and C as assumed in (2) could hardly be

settled among all the stars obsrved in a given night owing to the fiuctuated

deviations from the uniform atmosphere or to the low intensity of U color, the

mean K for ail the stars in tkat night was adopted by taklng no account of (2).

The sky conditioits at Kyoto are quite different from season to season, night to

night and yet liable to change frorn time to time, so that though we selected

only the nights thought as in a fairly good condition, it resulted tksat the extinc-

tion coeMcients were in a range of O.11-O.30 mag. for KBwwv and O.25-O.59 mag.

for Ku-B.
   For a single night observation, the probabie errors of our color indices were

found to be

               CBwuv: O.Ol-O.05 mag. ; mean of p. e. :=: O.02 mag.

               Cu-B:O.02-O.12 mag.; mean of p. e. := O.05 mag.

Low accuracy in Cu-B is due to strong ultrav2oleS absorption in the refractor
objective as will be mentioned latey.
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   Our eolor indices CB-v and CumB were compared with those of Johnson's
standard system. Between CB-v and B- V, the correlation was found to be weil

represented with a linear expression as follows :

                  B-Y- (O.991Å}• O.OIO) C&v+O.751Å}O.O06. (3)

While, between Cu-B and U-B, such a liRear one coulcl hardly hold without
appreciable loss of accuracy. This is rather natural because our system is based

on the refractor whereas Johnson's is on the aluminized reflector. Then, the

blue color index wiii be discussed in terms of B-V transformed with (3) but

the ultraviolet one will be refered to our CuwwB as it stands.

3. Results aRd eiseussiolls

   The results of our three-color photoelectric observations are iisted in Table 1.

The two-color diagram for ail the stars therein is shown in Fig. 5 where crosses,

crosses enclosed by circies, open circles and fi11ed circles denote the stars of the

e.51+

oo2.--

"i,3I

oo3.+

o.53+

-{-4.oo

}xX.Ng
        Å~

* ,X
          Å~
      -" -
          .

",{•"

Fig.

                                                        Å~                  i        O.Oo --o.so +l.oo -l•-1.so +2.oo •i-2,se
                             B-V
5. Two-color diagram ef the observed stars. Filled circles are the luminosity class
  V; open circles are III or IV; crosses are I and crosses enclosed by circ}es are
  II. The solid line represents the mean curve for the main sequence stars. The
   dotted and dashed lines are explained later in the text.

x

e

 Ne
  x!
e S2tc. e
  e'Å}KkXN Å~

      x g(li)=.xoe twx

    S.O N    -s ,N     x.Cb xN x
     XgKl dK/, Xx
      SX.x XNxNe

        xx         Eft         se         bx          -X          xst xX           s dMl                 N           oLx.. e Xxx
                    N              's e X              sx-               'x L' I" /"t                x
                 eX                  eXs     i I XfM;

.



'

116 T. SHIMrZU, F. IMAGAWA and K.TAI<AYANAGI

Table 1. Results of the photometric observations. Stars are selected from Johnson-Harris
  and Johnson-Morgan's standard stars. The 6th column gives the number of obser-
  vations and the 7th and 8th columns give our photometric data, while the last
  column gives the value given by Johnson-Harris or johnson-Morgan. The other
  Åëolumns are self-explanatory.
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Table 1. (Continued)
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luminosity class of I, II, III-IV and V respectiveiy, and large crosses are the

supergiants thought as little reddened and smail ones are those clearly reddened.

No reddening is needed to tal<e account for tke 'dwarfs and normal giants plotted

in the diagram. A solid line is drawn there to represent the mean curve of the

main sequence. Scatterings from this line are ascribable mestly to the errors in

U magnitude.
   In Fig. 5 it is readily seen that the stars belonging to the different luminosity

classes of V, III and reddened I are distributed aleng three different branches

whose separations are the more remarkabie as the spectral type advances to the

later. Tkese branches do not lie in the iuminosity order, but the supergiant's
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and tke normal giant's locate on the opposite sides of the main sequence branch.

   In order to see whether such a feaeure appears particularily in our two-color

diagram or not, let us compare ours with those of Johnson (4), Arp (6), Cape

Observatory (7), Tifft (8) and Becker (9) which are reproduced in Figs. 6--10

from their respective papers. Glancing at these figures, followings inay be
mentioRed.

    (i) With respect to the dwarfs there is nothing to say especial!y. Ali of

the two-co}or diagrams show samely a depression ef the main sequence curve
at about A type owing to the well-known effect of absorption in the Balmer limit.

    (ii) Concerning the normal yellow giants, kowever, a variety is pointed out.

Separation of the yeliow •stars between tke normal giants and dwarf$ can hard!y

be detected in the diagrams of Joknson (Fig. 6), Arp (Fig. 7) and Tifft (Fig. 9).

Whereas it is seen in our diagrarn (Eig. 5), Cape's (Fig. 8) as well as Bec#er's

(Fig. ZO). But, the location of giant's branch is below the main sequence in botk

of ours and Becker's, while vice versa in Cape's.

    (iii) As to the supergiants space reddening must be taken into consideration.

Referring to our B- Y with the preliminary intrinsic B- V proposed by Arp (lo),

we obtained the coloy excess in B-V, EB-v. On the othest hand, we required
the ratio of the two-color excesses Ecu"./EB-v by mal<ing use of the data of the

Bl stars. It becomes

                           Ec."./EB-v == O.42.

     Table 2. List of telescopes, photomultipliers and filters used in various systems.
            Our filters are all of "Matsuda". C designates "Cerning" and the others
            are of "Schott".

Ottrs

Johnson

Tifft

Arp

Cape

Becl<er

12" Refr.

13", 82" Refi,

I
RCA IP 21

RCA IP 21

6o", loot! Refl,

l

EMI 6094

24" Refr.
I

EMI

13" Astrg. 24" Refr.
l

EMI

l

E

Photegraphic
plates

U UV-D2
V-V2+UV-39
V-03C

U:
B:
v:

uv:
BG:
R:

C9863
C5030+GG13
C3384

cs6io'

C503e+C3387
 C2434

U:
B:
v:

Ditto

U' l'

Rl

C9863
BGI2 {- GG13
Ornag 302 (GGII)

U6', '' '"
.G&5

+
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By means of such process t}ie reddening corrections for the reddened sgpergiants

caR be estimated as represented by arrows in Fig. 5. Supergiants earlier than A

with less Balmer absorption appear above the maiR sequence in ali the diagrams

inc!uding these stars. Even in the diagrams lacklng these stars, such situation

wogld be expected if they were added in. Concerning tke later types, however,

some differences are found among the diagtams. In Johnson's one (Fig. 6) the

branch of the supergiant merges into that of the main sequence at about Kl,

after crossing below the !atter at about A7, while in both Arp's (Fig. 7) and

ours (Fig. 5) the supergiant's branch lies always above or on the main sequence.

   It seems clear that the differences in the general features on the dfferent

two-coior diagrams as seen above are ascribable to the different coior responses

of the whole photometric apparatus including the teiescope objectives. In Table 2

ig given a list indicating the information about the telescopes, the photomultipliers

and the filters used by the different investigators. The relative total response

curves are iilustrated in Fig. 11 and the corresponding effective waveiengths are

tabulated in Table 3. We wili coxnpare our response with others'.

    (a) Our tota! response curve is rather different from Johnson's due to the
rapld increase of absorption beginning from about 4200 A in our refrabtor objec-

tive, in spiSe of the similarity of both responses exciuding the objectives as

shown in Fig. 2. That is to say, the ultravioiet radiation beyond 3500A is almost
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Fig. 11. Comparison of the relative total response, inÅëluding that of the
       telescope objective, among various systems.
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           owaveiength in A on each system.

g

)X(

Ours

3700

4600

5400

Johnson

3730

4300

5500

Tifft

3750

46eo

(6400)

(uv)

(BG)

Becker

3730

4700 (G)

(6380)

cut off by the telescope, so that our U-measure is restricted in the nafrow band

nearly between 3500A and 3900A in whieh the Balmer limit exists. Concerning
our B, on the other hand, its effective wavelength Skifts to the longer side, so

ours is nearer to Becker's and TiffVs rather than to Johnson's in this respect.

Furthermore, our relative sensitivity of U, B and V are in reverse order with

Johnson's.

    (b) As regards both Arp's and Cape's responses, we are only inforrned from

their papers (6, 7) that their U-measures are limited almost exclgsively to the

band of 3600-3800A owing to the use of refractors. On this point our response

seems to resemble to theirs, though our U sensitivity may be lower than theirs.

                                         U.V--BG (Tifft>
                    -o.so -o,o4 o.oo +o.4o +o.so +12e +16o
  -1.00

-O.50

U-B
  o.oo

+O.50

-l- 1.00

i

leOeoo

-Fl.OO

Fig. 12,

   -}-1,roo -:•-2.00

Comparison of CuHR's

     -i- 2,5o •- 3,OO
 Cu-H (Arp ,Cape,Ours)

of various systems against

    +3,50

the standard U-B,
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   Taking above-mentioned circumstances into consideration, !et us compare the

ultraviolee color index among Cape's, Arp's, ours and Tifft's in terms of Joknson's

U-B. First three are based o; the refractor while the last or Tiffes is made

use of the refiector, nevertheless, cut off tke radiation shorter than 3400A by the

fiiter. With the aid of the tab}es (6, 7, 8) published by the respective investi-

gators and Johnson-Morgan's table of intrinsic colors (4), each cocrelation curve

between these ultraviolet color indices and Johnson's U-B is requiyed wkh
respect to the main sequence as in Fig. 12. As for ours, it is based on Table 4

read from the mean curves in Fig. 5. From Fig. 12 it is clearly seen that a

remarkable duplicate turning at about U-B=:O.O appears cornmonly in any of the

four curves, Let us call such photometric systems those of refractor type.

      Table 4. Adopted relation between B-V and Cu-B read from the mean curves
              in our twe-color diagram.

B-V

iiilii

Cif-B

V
11iiil;F-

3

III

j

!

+2.72

  92
 3.10

  28
  44
  57
  70
  81
  93

l

'

;

llii'11iii+

3

   Now we are going to try
the Balmer jump is greater in

spectrai range frorn later A.. tQ F

 an explanation of Fig. 5. It is well known' that

the supergiant than in the dwarf so far as the

is congerned (11). A w4veiength region covering



124 T. SffIMIZU, E IMAGAWA and K. TAI<AYANAGI

the Balmer jump is inciuded in Joknson's U-B, but not or less in the cor-
responding coiors on the systems of refractor type. This is because the.super-

giant's branch in, Johnson's diagram crosses the main sequence downwards at

about A7, whereas that in our diagrarn, in Cape's as well as in Ayp's does not

intersect with tke main sequence. Such a circumstance may suggest that the

photometric system of refractor type has, as Arp (6) already pointed out, a certam

adVantage over the standard one in separating the }uminosity class I from the

class V in the spectral region not later than G.

    As to the separation between luminosity ciasses III and V, it is explained

quantitatively by considering the monochromatic difference of brightness between

                                    I< S                   -- 1. r,o

                   -- 1.00

                  x
                  .m .. O, 50
                  e.                  s                  k
                  ge o,oo
                  tt
                 tL-
                  ,F                  e"l- o,so
                  9                  9
                 •9
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                             1
                            1                   -r-1.roO 1
                           1                           1
                          1
                         1
                         !
                        1
                        l

                        2.SO 2,40 2,OO 1.60 I.20 O,80 lfS,.
                         2.70 2.l7                                   1,8ro
                          U BV
                 Fig. 13. Whitford's six-color data. U, B, V denoted
                        here are in our system.

the normal giant and the dwarf in a similar way to Becker's (9) basing on
Stebbins-Whitford's six-color photometr!c data (12). Namely, after plotting six

colors with regard to both giants and dwarfs for successive spectral types, as

Mustrated in Fig. 13 with an example for K5, were read tlte Ll-, B- and V-

vaiues corresponding to the respective effective wavelengths on our system. We

got fo!lowing va!ues for K5,

                                         tt
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                          d g g-d
           U -i-e.72 +1.82
          B -l- O.26 -1- O. 78
          V t- O.07 -F O.17
          U-B --O.46 +1.04 +O.58
          B-V +O.19 -y O.61 "O.42
Then, the differences of two-color indices between the giants and the dwarfs

were fouRd, which are not anytking but the giant's location relative to the dwarf's

iR the two-color diagram. The gianVs location computed in this way is repre-

sented by a dotted line in Fig. 5. !S is said that coincideRce with the obser-

vations is quite satisfacSory.

   The same method was applied also to the later supergiants of a few spectral

types for which six-color photometric data were available and' we found that

tlie calculated supergiant's location shown by a dashed line in the same figure

was also in accordance with the observations corrected for space reddening in

the way mentioned before. This fact may not o!ily serve as a verification of

Arp's intrinsic color for the luminosity class I but open a way for evalttating

the space reddening of supergiants. There are two exceptionai supergiants of

K-type and of M-type which are not oR the computed iocation but far above it.

These are both regarded as unreddened in Johnson's iist (4), but if tbey were

assgmed to be reddened, the amount oÅí reddening would be able to obtain from

our reddening }ine. However, the accuracy of our U-measure is especially !ow

for the later supergiants, laence the definite conclusion will be left in future.

   We do not dare to lnsist that the two-dimensional spectral c}assification of

stars is capable with sucacient accuracy by only three-coior photoinetry, never-

theless we suggest that even with U, B, V photometry a fair degree of informa-

tions on the two-dimensional classification may be accessible by appropriate

selection of filters, and yet also, the estimation of space reddening of supergiants

may not be impossible.
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