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 ON THE SPACE DISTRIBUTION OF F TYPE STARS

i -

l-_".- 2 .-. ;
e *ﬁ. 1 .

g M. A. VASHAKIDSE

el i | .
- w -
a "-i-"

~ The main purpose of the present note is to investigate the distrioution

7. i )
il .I‘- -

(e ik '-;;i.“‘.f.". )
i " i - e il
P - . :I-_ I‘ il
. e r ¥

A == g 2
LW § r
bk ;'ﬁ_ } s
e -'l-:"“'ib S

of Ftype stars in the direction perpendicular to the galactic plane (southern
hemisphere). |

It may be assumed that in the vicinity of the Sun the equidensity layers
are plane-parallel. Morcover, these layers are also parallel to the galactic pla-
ne. It is shown below that the curves Ni/m) expressing the numboer of stars
per sauarc degree, brighter than the apparent magnitude m for any galactic

* v £ ‘ *
latitude are connected with the curves N (m) expressing the same quantity
o

for the galactic pole by means of a very simple relation (8).

This affords the possioility of deducing the curve Nz (m) from obser-
b

vations of stars in different galactic latitudes. Therefore, the distribution of
stars in the direction perpendicular to the galactic plane may be derived with
a much higher accuracy than in the case of the polar region alone being ob-

served.
If the curves expressing the distrioution of stars in the direction of the

calactic pole, as drawn on the basis of star counts in different _.gzllaq.;-_i_.c lati-

tudes, do not coincide this ‘ndicates the presence of absorption. In fact,

the latter may oe determined from the discrepancy between the curves.
To draw the curves of density distrioution of F type stars, Schwarz-

schild’s integral equation was used:

[# ]

A(m)=o | D)g(M)rdr L (1)
ﬂ J
ars, g(M)—the -fuuct_im:t-'ﬂfi_&t;ir--disfr}i_bﬁtiuxg
w--the solid angle. A0
americally by J. Bok’s' method. In

where D(r) is the space density of st
according to absolute brightness and

This eanation may he “solved n

of 7 alone, and after substituting » by
tade, equation (1) takes the form:*

out case density D is the funi:_ﬂm} f
g 5¢C (90--—31‘3, where b is the galactic lati
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. RN ] ﬂh‘nﬁ the values of log [sin®» Ny ()] for different ' and- b,
d.(m)#m cosec b “' D()g(m—5 log {5 log cosec neds *1 . fﬂ the counts in Becker’s 11‘&:15.( 4 '
SRS s TABLE I Gbé&nen

' =95 ' =100 '’ = 10.5!#}':: 1 l.ﬂj m'=11.5/m' = lll'}lﬂlﬂg coseel

secb by m' we find that

ﬁvmﬁuﬂg in this equation m—3 log cosec Forol

arca

.

! ¢ lam o) et il .
A+ 5 log cosec b =w cﬂSfc’f'J D(Qw(m' 5 log D Ldg Q09 k- 114 1 128 | 130 | 149 | 150 | —o06 | 164

0.75 0.95 319 | 1.30 1.40 1.51 | —0.09 165
0.60 0.68 1.11 1.37 1.41 1.74 | —0.09 187
0.52 0.68 1.15 |1 1.30 1.48 .58 | =0.17 166

L S _ 078 | oor |14y | 1% 77 86

RRSEE T b.__, we have: ? i 1.56 1.69 0.17 1

S I case D=y 2 103 | 119 | 129 | 149 | 157 | 176 | —023 | 188
5 061 1 2.0t | 120 | 181 | 1%1 | 167 | —o99 | 199

9.68 9.99 0.92 1.31 1.51 161 | —0.31 185
0.57 074 | 097 1.16 131 137 | —0.34 167
. 0.77 0.85 113 1.28 1.44 1.65 | —0.41 189
321 9.45 0.49 0.75 0.87 1.04 1,33 1.40 | —0.55 184

-h- (m')= mJ D[{]:;e(m slog)dds.

241

Comparmg (3) and (4) we find: B [ 000 | 052 [ 078 | 100 | 120 | 126 | 141 | 153 | Zosa | 1o
4 =401 217 | 971 | 043 | 081 | 107 | 122 | 129 | 136 | —058 | 168
_ Az (m)=sin’*bAh(n'+5 log cosec b). (<) ¢ —31 | 321 - 914 | 021 | 073 | 091 | 107 | 031 | —086 | 183
F;*-w:r L ) : - ohifting the curve sin’ N, (/') to the left along the axis m' by slog coseck
t_’-‘ﬁ e J e T -
B Tor .d;(m'} and A= (ml“L then introduce the values Ny(m) and N n: a(m) we get according to the formula (9) the curve Nz (m). Every two lines in
SESRE 3
BRI 1 4 : - | ‘Table II correspond to one area, The first line gives the values of m, reduced
o 3 )0 NF (m)= '.d‘ {m) dm', i\;.l'm]" fﬁﬁn)dm (6) in the above way, the second line giving the corresponding values of N« {fm}
(S - i ol : : TABLE I Gs6020)
Ccmbining (5) aad (6)’ we find: y m'=9.0 | m'=9.5 m':lﬂ,ﬂlm’zlﬂ.ﬁ m‘r’:li.ﬂrm':'11*5.5111'212.0 dlog coseeld He: of
b 2 | | | | 5 area
: el o : 890 | 940 | 990 | 1040| 1090 11.40| 1190 | —o.10
; Nz (m) =sin* | Am'+-5 log cosec b) du. (7) ~73°1 271° | 054 | 079 | 114 1281 130| 1.49] 1.59 164
5y 2 | 885 | 935 | 985 | 1035! 1085 11.35 | 11.85| —0.15
o | —69 (245 | 060 | 075 | 099 1.13 lé.a:a; l{g li.gé o 165
0t Dt = L T : 4 8.85 9.35 9.85 10.3 . = ; .
NER Futting o'+ log cosec b=p, we get: —69|207 | — | o060 | 068 | 11| 137| 141 174 187
G m+log cosec b ' 8.75 | 925 | 975 | 1025| 10.75| 11.25| 11.75| —0.25
—b61 | 226 0.13 0.52 0.68 1.15 1c1:~ gg ¢ igg 11?2 e 166
= =g Elayid s 25 75 | 1025 . . 75 | —0.
N“ (m) = sin bJ\ﬁb(}l)d‘.L*ﬂﬂifl J'-.'g.(m—.-—:-,.l[:-g cosec h), (8) _61 | 314 ggﬁ 3%‘; 3_9? 1.11 1,30 | 1,56 1.62 186
e 1 862 | 912 | 962 | 1012 1062 | 11.12 | 1162 | —038
: | cEn e | 00 ] Lo | 55| wos| wms| ues it GusE
Or, denoting again m-+5 log cosec b ov #' we have: | . g-i'g g-gi’ e 520 1 18t Cie b iEY ] 199
N <1 848 | 898 | 948 | 998 1048 | 1098 | 1148 | —0.52
e (7'—5 log cosec b) =sin® N (') (9) —&3 | 326 | 96a. | 968 | 999 092 | 131 151 16l 185
| : 84z | 892, f 942 ; 83| DB AR Lttt
The 1 r by o A2 : 0.74 0. ‘ -3
The relation (9) between Nz (m) and Ni(n') will 5¢ used as the Cre : 51 | 219 ggg gg’; 932 6.82 | 10.32 | 10.82 1{% —0.68 b
“ bl ; L i i
: _ s 0.8 113 | 128 | 144 :
of further calculations. 47 | 241 044 gg sos | 98 1008 1058 | 1108 | —092 o
49 | o. . 087 [ L :
As material for the present mvestigation served 4 Kapteyn Areas of —41 | 321 | 945 g.g g.gg ocs | 10041 105¢| 1104 [ —0i96 |
the southern hemisphere (galactic latitude 31° 10 73°). The | 9 40 | 303 323 0.75 | 1.01 120 ) 126 1.41 _li.gi Sl 198
the stars in these areas were detapinay L E. Spectral types of | 804 8.54 9.04 9.54 | 10.04 | 10.54 o : e
Y Y. Becker down ¢ 0.43 | 081 107 | 122 129| 1.3 _
We confined ourselves to stars down to the s h 0 12,5 mg. =40 1217 | 97L ¢ aos | 836 906 | 956 | 1006 | 1056 | —1.44 |
Im:ut Becker’s catalogue can be consid ed ; e 5”““* ““lY to that =31 | 321 ?'.5,.6 9.14 | 021 073 091 107 | 031 183
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i o : Table 11, the miean ﬁﬁ 4*1
e ?{ aid of the data cnnmmtd in ton, The ey t-ﬁ__
log ) mﬁlﬁ) t*l:;s ‘drawn, without Lecounting 'for absorp .

Aagin .L(ﬂ) drawn from star counts, in different galactic
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_}'ﬂh the space distribution of I type stars 9r

. flj i i?:t: g?;‘ ﬂhf nlqmﬁuns may be solved in respect of the unknown quan-
latitudes will not m:: e @ LA ' "”‘ the luminosity function g(m) is known.

2 1 e E take all the type stars contained in the catalogue of Adams and
on counts in high l‘ﬂtﬂﬂ "“‘3 ij; their distribution after absolute magnitude may be presented in

m”! mg form (column IT of the Table [11):

based
ﬁ& if there is some absorption, 1. & M\E the basls of counts in low lﬁ_

*-'-’-T&liﬁi!lﬂ range to the left of curves s ed in our case The dlﬂphﬁﬁ-ﬁ |

Lo ctually ooserv
hﬂ&& Such a phenomenon is actaally e to vieglset drﬂvﬂh@

TABLE 111
and we de Bh&00

I

03 2 e
ﬁiﬁﬁfn however, does not exceed » be explained by & E&. .
ﬂlﬁ mean curve. Such a Ilr:ﬂhﬁ.m!t‘: AL’M"TFUHH Emli Pmﬂ?ii: des. : Y i g __J'sbmluta magnitude | I I Absolute magnitude I Il
e f"ll\'l' hlgh Eil actic latuuc _ e S _._-_l Y i s
ur areas bet located in comparative r f = _ , ]
i For th:lfﬂka of comparison we have drawn Curves Nz (m) for stars ot _422.5’ i fg | g g from ~20 gg | -f’ 12
&) ' : - " =25 p 3. | 46
- ‘ ; " —~1.5 » 1.0 b IR 0
ol | 8 | | » —30 » 35 b 61 | 50
af nll E’Eﬁ!ﬂl types, according 1o Seares ° counts m different galactic latitu Py 10 % 08 1 0 | o A = 93 | 93
- <hift of the low latitude curves, but in Py oo b 00 S | 2 40 » 4.5 | 40 | S50
v lli.'.ﬁ- His ﬁgmgg also give a certamn ( Obviouslv. ik » 00 » 05 S 0 | # 45 » 50 e 15
~ the opposite direction contrary to our results for F tvpe stars. Obviously, this : T . 8 » 20 » 55 1] o
L ¥ - - ] + ¥ ¥ = X n ¥ (1) A
shlft cannot be explained by absorption. Consequently, Seares’ countsare » 18 & 20 21 0 i
i i

strongly at varance with the hypothesis of plane- -parallel layers.
To solve (3) numerically by Bok’s method, let us assume S log7—g=n

Vo Hence, 7=10™"*! d>=r10""* .02 log s 10 da. : It may be seen from this table that with decreasing brightness, the number
;" 1 Introducing these values into (4) we find: of stars with an absolute magnitude of 2.75, 3.25, and 3.75 increases, to drop
e L = i abruptly for 4.25 and 3.75 mg. Table III, however, is not actually a luminosity
o | Az (m) =w ld{ﬂ}:p{m—ﬂ) 100,2" 1% oo, 10 dn, B
i s Bt LgNm |
or, denoting 10™***“0.2logs 10 by Kin) and D(3) K(n) by d(n): . 175 |
J*P | 1.50 |
Az (m)=w| dn)e(m—n)dn. -
e b Je(m—n) (10) 125 |
Smce the overwhelming ﬂlﬂiﬂfﬂ&’ of F type stars has an absolute bright- 1.00 |
ness ranging from 2.25 to 5.25, viz Q75
AP SRS 525, M=—2.25 >1>m—5.25 | R
uation (10) mav be written . 5= A 050\ " ~I7-387-7 417,
eqy (10) may be written as follows: B i
M—2.25 - 23} e '
Az ()=w | d(n)g(m—n)dn. (100 0 o4 700 5 0 45 120 m
SRR ' Fis 15
Or 1D€ numerical solut . i - '
ktion of the problem we write equations for diffe- ‘
rent values of m when w=1: ber of stars for various abso-
Ar(fﬂ) 1 d{fﬂ-.._-z Es)ﬂzz )+d _ -EHI.ETL: Dl‘lt Eln-]pl} rl‘:prfl’ﬂﬂtq thf ﬂ'bSEl?ﬂd numoper Q Efﬂ-rs . 1-: e % b
2 AP 23)F-d(m—2 75 )%(2. 75)+d(m—3. 25)%(3.25)+ lute magnitudes. The sharp decrease the ﬂ“n;bﬂ : bshlwie ﬂbfilr hﬁﬁmﬁi
-f—d(m—-a 75)9(3 78)4d(m—4.25)¢(4.25) 4 d(m— ) may be explined by the fact that stars with a large i i
& | “_(mws 25)4(s2s) il ot (rx) § seen both at small and at large distances, while stars ot famter luminosity can
be observed at shurt distances only.
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LI. A ‘-‘"uhahidiﬁ S : : [ ——— g pace dhtnbutmn of K Lype stars | / 2".,
i : . e : _ e R AR TR Lo VR A _
s s : PPt 1 | e numoper : : WA |
 Nevertheless, these figures permit of drawing certdin ""“"‘ﬂuﬁ%@a e sear (he S 1 1pe otars of difrent absolute brightness per cub-
SR e assuming f. ex,, that curve LA SFRE -~ Now le L it : : .
ot lmﬂﬁﬁh ﬂllwt?:“zszﬂ;h the eﬁeft of selection can easily be €l ': 16t us consider the distribution of T type stars in the galactic
i jetrical in respect of the maxiiil o L % tiﬁ 1 mean ¢ P =) s
L e J S i 4-k) the geometricat MSARLGE- S R T At ; . " |
- minated by adopting as the relauvek valuff Ef 1:5:1 j;: lmpf for the range from g ...a.P?“iﬂ“.lﬂr; let us investigate two directions lying in this plane and
=Ty g b A . 1 5y 3 K1l es : s - s 4 “: S n 1. ":_" _ g i . 2 : - :
A B ik .m-.Table L e o s ‘T:: ives an accuracy sufficient for our E\U' dtu eaoh n‘thert viz. 1) the direction perpendicular to the galac-
~ 2.25—5.00 WeC assume $(M)=o0 which gives AT S tie centre and 2) the direction opposite to the galactic centre. In the direc-

& ifpose snd reatly simplifes computations. In this way are obtined (SHE
 lues for function g(M) shown in the second column of 'l able I11. i"ﬁ&f
" Numerical equations of type (1) were written for different valies o £ ¢

i R = (m) are obtained by differentiating curve I (Fig. 1)

Wr ﬂ -'-S'ngfpgfnjmlar to the galactic centre we took three K a pteyn Areas from
— Beeker’s catalogue, with galactic coordinates (232%—1°), (239%—6°) and
= E,gﬁ}}é‘;;f%ﬂ'_ﬂ 5=67). Table IV gives the number of stars for different ranges of star
R T LY P

- magnitudes.

A

il b

~ The numerical values of 4

»
-
12

ey, K
" at the points 9.3; 9.8; 1o.3; 108 rrg 8. : = | TABLE IV Gb40%0
. REL-T ~ As a result, we find at those points the following values: : = A ;
i-J.'_ "-" - i gl - - - . a4 A 5 - | - I m [ i
%' T | AT;(”’)=3'31 b V) 1565 9-45 23.5) 39'6 . N A : b 9.0 9.5 10.0 | 13.15 1fﬂ 115 lﬂﬂ.lﬂ
SR L : i o : . , S e B (||
e Thus, we obtain six equations with ten unknow ?s. As:umu}l_gl den:;yl T:; m o 2 3 - - S s
. be constant up to 177 parsec, we can solve the whole svs 173 516 ! 2 g ki i o 5 i o
§-lgu ‘ _ 192 248 | O 0 1 7 14 30 108 104
| i I
140 ' mean | 23 43 | 136 | 18,6 43 116 171
2 —— R
- | 03 | 063 | 113 | 127 | 1,53 | 206 | 223
4w |
. ﬂm 1 : . " ' uf " . n .
’ i Investigating the distribution of stars in the direction perpendicular to
S ¢ : | the galactic plane, we assumed the equidensity layers to be plane-parallel to
o) the plane of galactic symmetry.
| ' : For the purpose of investigating the distribution of stars in the galactic
3410 : plane itself, we shall assume that equidensity layers inside the galactic plane
) S : , : corresponds to lines perpendicular to the direction of galactic centre. This is.
—= : "
cg0 00 400 JO0 s00 2 { true for distances smaller than 1000 parsec.
Fiz. 2 Bsb In the direction perpendicular to the galactic centre at a distance of
i ik : 1000 parsee,, the density of F type stars should be approximately uniform.

For this direction we draw a curve (Fig. 3).
If, however, the density in this direction is constant, the angular coeffi-
cient of curve of Fig. 3 should be equalto the one of 0.6 obtained from equation

-distribution of star density as derived by usand as illustrated by Fig. 2 shows
the dependence of the number of F type stars per cubic parsec on coor-

dinate 7. : . . :
nate g (10) on the basis of the assumption that D(z) is constant, Under this assumption

Qur curve proves t in fair e : : : :
btained h'IJ i R be v & Agreement with the one given by O ort, we obtain in fact the following linear correlation between m and logA(m):
who obtained his curye in a different way. It may be seen from O o rt’s curve

35 WEH., as_'-fxpm ours that the dEIISil}g" ﬂearﬂases ten times at a distance of 600
J18T5ECs | : Since the observed curve has an angular coefficient of 0.62, we may

; Thcabsnluteuumhernf F type stars per cubic frsec in the letnity of draw the conclusion that the density of stars in the direction perpendicular to
the Sun, as determined by us, is in rather good agreement with Van Rhijn’s

log A(m)=log ¢—0.6 1.
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. calactic centre may be considered to ¢

the results.

T

sphere only. i
Finally, let us count the Ftyp

stars in the direction ﬂppnﬂi'l'e 'f?fj_j";_:.:.,

galactic centie.

in the Extension of Henry Dra-
per’s Catalogue, we computed the
number of stars in three areas, each of
them 20° wide in R. A. and 6 in
declination. and all three located in

aml —3 salactic planer The results of these
w9 85 10 MO H U5 12 @ the galactic planer The res :

counts are given in Table V.
Fiz. 3 b,
TABLE V Ga&0<()

!. Ei | m E m i i i in
95 | 100 105 | 11.0 11.5 12.0
SN T 24 | s | e | 43 l 1465 | 0P
] i {28 £ + By 1 ‘s 17 160 0
_; T (O - 53 | 6z | w0 | 17 | 176 3
man | 63 | 2 | 33 | 6 | 726 | 23 |
bgdm | 136 | 159 | 175 186 | 142 | |

It will be seen from this table that the dependence of log An: on i is

not a linear one. This indicates that the distribution of stars in this direction
is not uniform. The influence of adbsorption being unknown, we did not at-

tempt to apply eguation (11) to this case.

The first volume of the Bergedorfer Spektral-Durchmus-
terung was published after the completion of the present -investigation.
No doubt the material contained in that catalogue permits of a more AcCUrALe

solution of the above problem in tespect of the northern hemisphere.,

July, 1935.
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Unfortunately, Beeker e
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HEC}{OJIEHO SAMEYAHUN K BOIIPOCY O METO JTIUKE
~ POTOIPAPUYECKON dOTOMETPUM 3BE3/

S | fL. Il. JOEPOHPABHH

PaGori no droxarmoin poromerpin anesy ¢ pUMeHeHEHed O0OBEKTURBHOIO

~ MHKPODOTOMETPA, NOAYUAIOUIHNE B HACTOALIEE BpeMa Bce GoJbilee pa3BATHE, Bh-

ABHTAIOT PAA BONPOCOB METOAHMECKOI( XApaKTepa.

Rak wassecrno, peamyuunofi, onpeieisomed chotorpachuueckoe aeiicTrue
SBE3AN TIPH MBMepenuAx HA OOGLEKTHBHOM MHKPO(hOTOMETpE ABAACTCA OTCUET MA-
KpochoTomerpa [, Bupakaemsit chopuy.roii:

He—MNy

ity—1iy

FAE 11, OTCUET IAIbBAHOMETPA MHKPOhOTOMETPA UPH HABEIEHHH HA 3BE3dy,
fhy—HPH HABEIEHMH HA (POH HEraTnsal BOJH3H 3Be3AH, a4 #y— OTCHYET IATLBAHO-
METPA IpPH OTCYTCTBHH TOKa ™.

OcuopiuMin HPIIHHAMYE, BIAA0IMME Hl BEIHSHAY orcueta Mukpodoro-
METPa, A, CJAEAOBATEILHO, M HA OlpeicaseMuit M 0,1eCK 3Be3AH, HYKHO CUHTATE:
) omuoky no.ad, 6) HeA0CTATEH THAMPOBKH 1 B) owmOkn cokycnposkn. [Ipu
HBMEPeHTI KAKA0r0 HEraTHal HeoOXOIMMO CUNTATHCA € 0OH3ATEThHEM HATHIHEM
HEPBOTO BAHMAHIA M BOIMOJKHHM HATHYMEM ABYX JApPYTHX.

Quury 1ccaeg0Banid 1 y4eTd YKa3aHuuxX BIHAHMA A1 13" pechaexropa
AbGacrymanckoit OGcepBatoprn IOCRAIIEH HACTOALIAA 3AMETHA,

Omu6bra noad Jig nccreropaana omuOKH 00JAs rpymma s3Be3n ¢o-

TorpachupoBaIack ¢ OAHOH i TOIl 7Ke SKCHO3MIHEH B JIEHTPE IIOJS H HA paz-
JHUHKHX PACCTOAHITAX OT HEro. Ha xa;xaom HeraTmse 1eAaT0Ch 6—7 CHAMKOB,

C DKCOO3HMIINAMH JaH j')il.'il.'lf‘illlii,ﬂ': HEI'ATHEOR B IIPE;],E'-.FHIK oT IS CE‘H}"H,EI. A0 2=X
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MHHYT.
* Boaee IPUHATO MO OTCHETOM :-.mf:poqau'muﬂrpa MONHMATE BEANYHHY
" ——.i.,,
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- KdK Mepee OTaruyCuHyn OMmHOKaMi HaMEpPCHILL.

B nacrosuiee BpeMA 1 HA A6acryuauckoil O0ceppaTopuu IPHHATA AAR OTCHETH MM-

kpothoromerpa seamuuna E'. Ouesiano, 970 E ceusana ¢ E' coornomenues: E'=r1—E
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