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1. Jntroduction

    On plaotographs of the Milky Way (e.g. the excellent photograph by Barflard
(1927)), many dark markings against the rich star fields are seen. Especialiy, the
opaque objects in these witla angular size between ten to thirty arc minutes have been
of interest as "Bok Globules", since Bok and Reilly (1947) first suggested Shat they
are possibly unit interstellar ciouds iR the process of starformation. In order to
investigate whether they can collapse gravitationally and starformation can really
occur in them, olte must estiinate their masses, aiid internal distribution of masses.

    Since radio molecular Iine observations have been developed rapidly ka the iast
few years, several large globules haye been observed in detail (Martin and Barrett
(1978)), and their physical properties are becoming clear receRtly. Going with that,
the study of large globules by classical star counts method is being again regarded as
important to kRow their basic parameters mentioned above. Further, the correlation
between dust and molecules is one of the interesting problems in relation to tke physi-

cal state of the dust globules, especially to the molecullar formatioR processes, and
this will be studied in more detail for each globule. For several globuies, the extiRc--

tions and the dust masses are obtained on the assumption of appropriate dust grain
rnodel by Bok and McCarthy (1974), Schmidt (1975), and Dickman (1978).
    From these points of view, we selected typical Bok globules and determined tke
distributions of extinctioR for each object as iR detai'J as possible by star counts. In

this paper we report tlte raw numbers of stars counted a}ad the distributions of extinc-

tions for fourteen globules obtained froin the following procedure. These results are
used to djscuss the dynamical property of Bok globule, which ls presented by Tomita
et al. (1979).

2. Method of Star Cottnts and Results

    We picked up the globules which have rather round skape for the simplicity of
dynamical discussion. These are listed in Table 1. Counts were carried on the
copies of Palomar Observatory Sky Survey (POSS) prints with magnification about
ten, overiaid by square grids or concentric ring reseau. Mainiy, we used POSS red
prints in order to detect as many stars behind the globule as possible. The limiting
magnitude of the material used is 17 mag. on red, and 2knag. on blue POSS prints,
and 15mag. on the infrared plate which is taken by the 1051150133ecm Schmidt
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Table 1. Selected 14 aarge globules.

Lynds"
Name
  Barnard** lri (1950)

Position***
bii (1950) cv (1950) o" (1950) Shape

L134
L406
L543
L548
L663
L954
L970
LI075
Ll407
L1523

Ll570
L1771
L1780

B95
B134
Bl13
B335

B36i
B157

B34
B227
B87

 40.11

 19.48
 29.13
 28.98
 44.93
 88.36
 89.36
 96.82
.ISI.34

l72.75

176.60
l90.69
3S8.91
359.13

g-350.72

+ O.29
- 6.19
- 1.85
- 6.56
-}- O.91

- O.70
-l,- 2.l7

{- 4.10
- 5.45
-- 1.40
- O.46
- 5.24
{-- 36.69

15h50m57s
l8 22 42
]9 3 58
18 48 11
19 34 36
20 59 42
21 10 40
21 31 47
 4 26 5
 5238
 5 39 36

 6430
18 O 52
15 37 31

- 4034t 2tt
-11 50 28
- 6 15 52
-425 25
g- 7 27 l5
-F47 32 2
+47 IO 30
+54 26 50
-g-54 l9 3l

-t-31 49 25

-i-32 32 34

--l9 28 18
-32 31 5
- 6 59 59

EIEiptical

Round
Round
Round
Round
Round
Round
Round
Round
Round
Round
Round
RiRg
Elliptical

 Si

 **
***

LyRds (1962).
Barnard (1927).
Each coordinate in tlie table
I:igure 1 to l2.

are the position of globule center denoted byl-sign in

telescope at I<iso Observatory. Method,
are summerized in Table 2 for each object.

is shown by Fig.1 to i2, where the mean
more than two times. Count error in this
star field out of the globuie.

material and number of times of counts
 The dlstribution of the counted number
number ls shown for the object counted
case is not greater than 100/. i" the rich

Table 2. Record of Starcounts Data of tlie Globules.

Name Method of*
Starcounts

Material""  Number of
Counts Times

Correspondance to
 Flgure or Table

Ll34
L406

LS43
L548
L663
L954
L970

LI075
L1407
L1523
B34

L1570
L1771
 (ceRter)

Ll780

POSS red
POSS red
POSS red
POSS red
POSS red
POSS red
POSS red
POSS blue
POSS recl

Kiso IN
POSS red
POSS red
POSS red
POSS blue
POSS red
POSS red
POSS red
POSS red
POSS red

i• figure 1, 13

figure 2, 14

table 3

table 4

figure 3, 15

table 5

tabje 6

figure 4, t6

figure 5, 17

figure 6, l8

table 7

figure 7, l9

table 8

figtire 8, 20

figure 9, 21

table 9

figure 10, 22

figure ll, 23

figure 12, 24

: * G: grid, R: concentric ring.
POSS red, POSS btue: Palomar Observatory Sky Survey red print, blue print, Kiso
near infrared sensitive plate taken by the Schmidt Telescope at Kiso Observatory.

IN:
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    For the object counted in concentric ring reseau, star number in eac}ri ring is
coiiverted to the Rumber densjty of the stars per square degree. Trhese star densities
are displayed ln Table 3 to 9 as function of distance from the globule ceRter.

3. Derivation oj' the Extinction

   Assuming following three coBditions, extinction Az at the effective wavelength ?.,

where the photograph js taken, is obtained from the couRted star number (or star
density). Tlaat is, (1) the expected star number No in the globule region if there was
Ro extinction can be obtained by interpolating tlte star number outside the globule,
(2) foreground stars do Bot significantly contribute to the counted nuinber, and (3)

Table 3. The variations of the star den-

sity N per square minute and
of the extinction values A in
magBitude with the distance
from the globule center are
listed for L406 in which stars

are coun{ed in concentric
rings. The average of the
values At under the dashed iine

are adepted as the background
star density No, and Ng:=:
If.40 for this object.

Table 4. Same as
No == 13.09.

table3 for L543.

r (1)

r(') N (!E] ')

N(![ ]t) An (mag.)

Au (mag.)

llllli liii.gliiililii

i'
'ii

S,llillliii

liiill'

gi2

 1.85

 1.97
4.59

 6.22
 7.70

7.71

IOJ8
10.90

IO.64

12.28

12.12

{O.16

t1.65

13.24
l2.51

13.74

 2.I8
 2.I1
 1.21
 O.88
 O.64
 O.64
 O.26
 O.23
 O.26
 O.09
 O.09
 O.32
 O.14

-o.oo
 O.06
-O.04

Table 5. Sarne as
Ne "= 22.I9.

tab]e3 for L663.

r(') N(1[ ]t) AB (mag.)

16iiil

il

 o.oo
 O.79
 3.38
 8.]8
IO.20

I3.82

17.i8

18.32

19.57

23.16
20.77

23.50
21.36

23.04
21.59

21.89

 4.00
 3.56
 2A1
 i.14
 O.93
 O.58
 O.34
 O.23
 O.17

-O.05
 O.09
-O.08
 O.06
-O.05
 e.o4
 o.oo



336

Table 6. Same as table3
Ne":1O.14.

 T.
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Table 7. Same as
N,=lo.so.

table3 for "075.

r(') N(!zi) AR (mag.) r(t) N(IIM') AR (mag.)
ii

ll

iii lii'li

'l/ilo       :

il

4,26

 5.58

3.24

5.08

5.10

7.98

9.73

11.43

10.28

10.06

10.97

10.23

10.26

1028

 1.il
 O.81
 1.46
 O.92
 O.89
 O.37
 O.10

-O.12
 O.03
 o.e7
-O.06
 OD3
 O.03
 O.03

Table 9. Same as
Ne==2.36.

table3 for L1570.

1' (') N(/rr')

Table 8.

Are (mag.)

Same as table3 for
No :==2.57.

L1523.

r(') N(1rr') An (rmag.)

O.55

 l.63

2.70

3.79

4.88
5.95

7.05

8.15

9.21

10.24

11.34
12.45

 O.045
 O.17
 O.28
 O.64
 l.89
 l.79
 2.14
 2.33 ...
'''' 2'j66

 2.48
 2.69
 2.51

 4.36
 3.03
 2.46
 1.57
 O.38
 O.43
 O.23
 O.12

-o.oo
 o.e6
-O.05
 O.04

O.52

L55
2.57

3.58

4.58

5.59

6.64

7.66

8.65

9.68

10.75

11.81

l2.84

l3.83

14.86

15.89

-l-  2.45
 .1 .56

 O.20
 O.25
 O.46
 O.20

 o.oo
 o.oo
 O.06
 O.13
-O.12
 O.04
-O.06
-O.03
 o.oo
 o.oo

the gradient of the standard caliblation curve log e(m) vs. magnitude }n is not affected

by color aRd nearly same as the Allen's (1973) data, where e(m) is the number of
stars brighter than m magnitude per square degree.
   On these hypothesis, somewhat uerealistic but statistically valid, we can estimate

A2 usiiig the equation,

          No - g(mii.-Aa)
          Ar 6(mii.) '
where inii. shows the ?imiting magnitude of star counts.
   The distributiofts of Ak for each globule obtained in this manner are shown in
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Fig. 13 to 24, and Table 3 to 9,

Plate. Lynds 970 is shown in this section of a photograph made with the 105/1501330 cm Schmidt
telescope at Kiso Observatory, on a hyper-sensitized near infrared plate (Kodak IN emulsion
bathed in ammonia solution), filter Schott RG695, exposure time 60 minutes.
   Note that a few faint star images can be seen through the core of the globule. North
is up and east on the left.
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Fig. 1. Raw number of stars counted within each grids in the sky field containing Ll34 on the
      Palomar Observatory Sky Survey (POSS) red print. The grid size is 4'Å~4'. The ÅÄ
      sign denotes the chosen globule center listed in Table 1. The grids of which values are
      used to estimate the backgrouRd star density IVo are enclosed by solid llnes.
Flg. 2. Same as Fig. I for L406 on POSS red print. The grld size is 2'Å~2'.
Fig. 3. Same as Fig. I for L548 on POSS red print. The grid size is 2'Å~2'. Since this object
      is surrounded by dark cloud complex, it is meaningless to get the background star density
      gradient from the counted data; therefore, we adopt the value 40.0 as No.
Fig. 4. Same as Fig. i for L970 on POSS blue print. The grid size is 2'Å~2'.



EXrlEINenONMEASUREMENTSOF THE TYPICAL LARGEGLOBULES 339

42 S4 40 41 43 S7 ss 37 34 4g S9 5S 6i 41 42 S4

39 46 33 34 3! S4 4e 57 59 2S 3S 49 3g $o 39 39

S8 4S 3S 44 36 33 s! 43 42 43 S7 33 3S 43 29 ss

43 42 44 31 --)) 46 31 2S 36 44 33 52 2S 43 42 51

Sl 46 39 S7 S2 2S 26 30 2S 3S 32 ny4J" 35 44 47 44

37 so 4S 42 28 2S 2i IS l7 25 34 ii4 39 al ,ag 4!

42 42 4g 33 27 20 s 3 7 IS !a r,2 59 5S S4 43

4S

4S

22

41

!?

57

!7

41

17

22

l2

!s

]1

}4

52 6o l4

21

46

40

49

ss

6S

sa

64

68

sg

61

so 4S 33 3S 21 23 7 12 }2 20 40 El S7 64 6S S4

4S 63 46 [6 2g 32 IS }2 2S 4S 62 ss 4g S6 61 61

S9 as S2 `is 4S 54 49 S2 43 7•l 6S sfi S6 G6 S4 60

S7 S6 4g 4S 47 S6 S3 s;, 4n 69 68 S2 66 S8 ss 69

68 66 61 S9 6i ss 66 :,6 40 6S 71 75 66 S7 56 S6

S6 66 Sl 60 63 6a 60 63 S9 64 S7 72 4S ss r-:}b 63j

60 52 60 S7 Sl 7i 4S 6S 74 54 S7 S6 61 S6 6S 67

evl26 21
I

 24 52

 31 35

 31 27

 34 3S

 3s 2e

 SO 23

 24 26

 3S 23

 25 39

 3S 57

 S9. 26

 S6 32

37 4e

 55 29

42 39

27 2•s 3,: !s o-3 ?a sa

27 28 2B 23 32 22 2S
z; l'S :: :'l : iiiiii

g,

29 26 2S 3e 27

26 50 21 IS 29

52 26 l7 22 14

3S 29 23 17 10

2ny S4 IS 23 tO

le 17 18 8 iO

2S 26 IS 20 12

21 24 21 24 7

41 !2 t7 17 17

30 :,e 53 22 24

3S 35 36 37 43

27 38 29 40 42

2S :S

}9 26

22 21

ii i:

l+i

 7S
10 24

37 25

57 2e

3S 37

ii liii iiil iill iiii

34 43 35 4S 34 42 33

5S 55 57 3S 2S 41 31
;: ;: ;: :: ::

11lll

Fig. S Fig, 6

rr 2S 12 !l 14 i9 2S 21 r,1 r)Q 3,Å} 21 25 23 si 22 :o
IIS

17 17 23 2n- 17-H 23 2g 2S 27 21 r,o 27 14 26 2S 2S

;7 7 i3 13 l6 i7 }s 17 2fi 2.r. 2r, .-ts S2 2g Z4 29 3e

21 21 25 Ll 10- 15 21 20 IS 27 r,2 r,l r)s :e Z8 2S 22

21 2S 21 2S 25 21 21 r7 19 1(, 26 24 ;}o JtO 31 26 21

20 30 27 23 2.a 20 07LL 2S 9 ll n ss "} 32 33 2S 56

34 26 lo"- 21 17 i7 g il 6 7 16 16 IS 26 32 41 IS

34 2S 26 23 2e 12 11 l } 6 IS 12 l7 27 22 16 2S

34 3e 30 2e 22 13 4 3
l,-

3 6 l2 21 20 36 I7 23

-no 42 36 23 14 6 4 2 3 2 2 12 11 I7 15 2e 31

57 32 Sl 2i S3 rs 24 6 7 4 4 i7 26 22 24 29 26

so s! S6 31 ss 35 S6 2g 21 le 13 24 3Z 3a 24 S9 24

59 46 36 S2 35 4S 57 37 2g 35 S7 23 34 Sl 29 24 32

40 37 44 4e 34 5,t 34 3S 4e 2S 27 53 39 29 26 r,e 30

4S 3S 36 44 41 42 i: 39 29 2S 24 2S 30 30 56 32 17

39 43 44 S5 42 4e 3S 54 54 53 2S 26 3e 37 39 25 25

38 39 44 3S 41 4e 44 r,2 3S 27 27 22 26 S3 28 --)o 50

Fig. 7

}3 s IO 4 c} r) 11 12 !1 1} 10 11 11 IO 10 i8

? l5 g s la t5 IS 9 s IG 10 11 s 7 g 7

7 a r7 3 le 6 le 11 l6 la i4 s II 14 IS 17

E7 s s s 7 7 s 5 .g 7 s 12 i4 10 !9 13

11 s 11 s s s 2 -" (] 7 !o 15 IZ IO ll 12

p. 12 IS le s 3 3 9 s 4 7 8 s s 13 7

` g 6 e 9 6 s S e 6 9 6 9 s 7 14

ts 6 8 1! 4 7 + 7 2 rl 3 13 12 i3 10 9

s 8 le 7 6 J 9 6 s IO 16 9 12 17 6 s

9 16 9 s 4 4 2 8 9 l2 14 7 9 14 9 s

ID s 14 6 s 7 6 12 14 6 le s !2 14 7 s

t2 ie is 10 !1 7 7 6 11 9 s 6 7 7 6 s

!s 16 16 10 Sl 10 6 s io l4 9 9 15 g 12 7

20 ll l7 IS 7 IS 12 }o 10 a l4 IS s 17 4 3

15 !4 ll 17 10 10 7 10 s 8 5 8 't 4 9 5

IO IS lb k7 g le 9 9 i2 7 }3 9 3 11 4 6

Fig. 8

Fig.

Fig.

Fig.

Fig.

i'i Same as
Same as
Schmidt
Same as
Same as

Fig. 1 fer

Fig. 1 for

telescope
Fig. 1 for

Fig. 1 for

L970 on POSS red print. The grid size is 2'Å~Z'.
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Same as Fig. 1 for B34 on POSS red print. The grid size is 2'Å~2'.
Same as Fig. 1 for Ll771 on POSS red prlnt. The grid size is 2'Å~2'. We adopt the
mean of the star number enclosed by solid line as tbe va}ue ofNe. Theregion enclosed
by dashed line sliovvs the detailed star counts region in Fig. 11,

Same as Fig. 1 for L1771 center region on POSS red print. The grid size is 1'Å~1'.
Same as Fig. I for L1780 on POSS red print. The grid size is 4'Å~4'.
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Fig. 13. The extinction map at red wavelength for L134. The numerical values show the ten
        tirnes of the extiRction values of each grid. Underlined values show the Iower limit oÅí
        the extinc tion. The center of the globule is denoted by + sign.
Fig. I4. Same as Fig. 13 for L406 at red wavelength.
Fig. 15. Same as Fig. 13 for L548 at red wavelength.
Fig. 16. Same as 'Fig. 13 for L970 at b}ue wavelengtk.
Fig. 17. Same as Fig. I3 for L970 at red wavelength.
Fig. 18. Same as Fig. I3 for L970 at near infrared wavelength.
Fig. 19. Same as Fig, 13 for L1407 at red wavelength.
Fig. 2e. Sarne as Fig, 13 for B34 at blue wavelength.
Fig. 21. Same as Fig. 13 for B34 at red waveiength.
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