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INFRARIID SLTRVEY. OF GIJ\NT 1\{ STARS

Dy

Banrbang Hidajat

IJosscha Obserr ' :r torv I-ernbang. Irclonesia.

ABSTRACT
A spectroscopic surLte)r in an arda of 5 .square degrecs. located

in the general direct ion ol the Palontar-Groningen Variable-, l tar
F i t ld  2 ,  f i .e [ds  263 g ian t  I l4 .s ta rs . ,4  tes t  o f  tomple teness  shous
that  the surLle j '  u,ds contplete doi tn i ' i . t tLal  rnagni tude 16 lor  ear l l '
g i an t  M  s ta r s  and  t o  i ' i r ua l  n t acn i t ude  17  f o r  l a t c  g i an t  A l  s t a r s .
7 'he space densi ty d ist r ibut ion of  the .sturr  is  f resenfet l .

ICHTISAR

Surz,el '  set  jar  a .spekt  roskopis b i  nban t  rnkra;a M ,  d. idaerah
.re luas 5 d erad jat  per. re g i  ,  kearah Palontar-Oronl .n sen l /  ar iable -Star

t  er  sebu t
s4mpa t

Di .st r ibusi  b intanG tersebut d idalant .  ruant  d juga dih i tung
dan dib i t jarakon.

INTI{ODUC]TiON

An i ' frarcd spectroscopic techniqtre for clctcct inrr giant hI stars has
provcd to bc very uscful in thc strrclv of t l re qalactic structure. This tech-
nique has maclc l)ossiblc to scarclr fol faint qiant \ I  stars. Thcre is, l rorr.c\.cr,
a Irroblenr u'hich arises in such a survc), i f  i t  is car.r. icd out in the f ielcls
ncar the galactic planc. The problcrrr ulr ich oct 'rr ls in srrch a survey is lroiv
conrplctely have thc stars of a siven tv1>c bcen discovcr.ccl.  ' l 'he 

pararrreters
rvhich dctcnrt ine thc colnpletcncss arc t l lc rnagnitrr<lcs of thc stars thenrselvcs,
the spcctral typcs and the frequency per unit  area of the spectral i rna(es on
the spcctroscopic plates. In crorvded resions the chance of the delection of a
part icular type of spectrur)r,  rvi thin a ccrtain I imit ins ntasnitLrde, is less than
in an uncrorvded fields.

In ordcr to test for co.rplcteness, a rcsion of 1 square degree within
Field 2 of thc Palorrrar-Groninsen va.iable-Star Field (R. A, 1950 ==

17h07n ' .5 ;  Dec .  1950-  - rca2+ ' )  rvherc  the  most  c ro , ,vd ins  can be  ob-
served, is chosen as a sample field.

OBSERVATIONAL \IATERIAL
The Schmidt-t,vpe telescope of the warner ancl S*,asey obsen'atory

has been used to collect spectroscopic as rvell as the photonretric plates.
A 4o-objective prism rvas attached to the telescope in ordcr to obtain the
spectra of the stars. The prism yields a disperson of 1700 A/mm at the
atnr,ospheric A band.

Kodak l-N plates were exposed behind a wratten 89 or RG B filter to
secure the spectral regions betu'een 6800A-Bs00A. In almost all cases the

Field no.  2,  mangha.s i lkan 263 bintnng? ral ; r : tsa kcla.s M.
Sebuah  t ( \ t  s t o t i s t i k  n tenund . j ukkan  bnh i t n . t u r i , ey

l cngkap  san tpa i  magn i t ud t  16 .  un tu l ;  b i n tang  l r l - a t t l ,  dan
magn i t ude  17 ,  un tuk  b i n tans2  l t , I - yu7 .
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pliotographic plates rvere arnmonia sensitized in order to gain exposure-time
by a factor of 4 (-Sandrrleak, 1961 r.

'fhe 
visual and infrared nragnitudes of the stars lvere determined by

means of photographic photornetry nrethod. Cornbinations of
Kodak plate 103 a-D and fi l ter GG 11,
Kodak plate 1-N and fi l ter RG B,

n'clc uscd to obtain the respective visual and infrared magnitudes. The
instr.urrrental rnagnittrdes n'ere clerivccl by nreans of a photoelectrically obser-
vctl scclrrencc stars in thc area. These sequence stars have been observed on
thc URV-photornetry systcm of Johnson and N{organ (1953) by Hidajat
:rncl Wchinqcr (1968). ' lhc I-nracnitucle u'as obtained by employing the
rc lat ionship of  the inst r ins ic  colors (V- I )6 and (B-V)o g iven by Blanco
f1961). Thc avcrage R-V color exccsscs of the scquence stars lvere obtained
Irorn thc absorption larv in the region derived by Hidajat (1967).

Pascu (196,1) and ll lanco (1964) have shorvn that there exist a l inear
rclation betrveen the color excesses in B-V and V-I. Using this relation, for
stars l ' lrosc (Ii-\/)(, arc lcss l l ian 1.2, the desired apparent infrarcd nragni-
trrclc can l;c obtained from

I  -  V -  ( \ / - I ) , ,  *  1 . 2 0 E , , _ u .  ( l )
' l 'hc 

lrrobablc dl 'ror associatccl rvith l can ltc cstinratcd frorrr

.i -, .i -F .?r._,, 1- 1.4.tei Q)

*hcre thc c's a.c thc e.r'ors .o...rooJ'orng ," a;;,,antities denoted by the
sul ;scr i l r ts .  ' l ' l rc  

cr lo l  in  (V- I )s  rnade in t ransforur ins (B-V),  to  (V- I )o
in I l l : rnco 's  lc la t ionsl i ip  i tas bccn cst i rnatec l  by Pascu (1964) and is  -+ 0.037.
1'lrc clrol c ,, .,. is cstirnated as -t- 0' l(). Inserting these values into Eq,

(2) togcthcr' 'rvith e\, : t (r '" i)3{) we obtain er - -+ 0"'13 The
relcvant data of the scclrrencc stars in the ficld rvil l  be published elservhere by
Hic la jat  and lVchingcr  (1968).

SPE,C'IRAL CLASSIFICATION
The ltrcliminar)' classification of. the l\,{ stars tvas on the Case system

by Nassau and van r \ lbada (19+9) and Nassau and Velghe (1964).  In  th is
svstem of classification the tenrl)crature criterium \vas established on the basis
of the relatir. 'e strensth of the TiO bands at 7054A, 7589A and B432A.
These bands increasc in strength as the tcnrperature decreases. For late ]U
stars, the VO bancl at 7900r\ (Keenan and Shroder, 1952) was used to
clifferentiate the giant fronr the drvarf lf stars, since this band has not been
obscrved in clrvarf fI stars. \ ' isual inspection of the spectral plates was the
ptocedure of classiff ing the spectra.

The final classification of the M stars were siven on the Mt. Wilson
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systen descr ibcd by; \darus et  a l  (1926).  Blanco (196t)  pointed out  that

thcre is a systenatic difference betrveen the t'rvo systems of classification. Thc

transformation of one svstem to the other is posible by the use of the table

proviclcd by Rlanco. In the present study the final classification was also

nradc by direct comparison rvith the spectra of N'It. \'\rilson standards securecl

u'ith the sarrle instrunrental systen.
For conparison, the author's classification in thc test area has been

cornpaled u-ith the classification nrade by Blanco and Nlarvridis (rrnpublislr-

ed). T'herc is no systernatic differencc bctrvcen thc tu'o classifications.

Spu'ctroscopicallr ' . i t \\-as not possiblc to cliffclcntiatc betu'een early giant

an<l drvalf N[ stars rvith sruall dispcrsion obsen'ation in the near infrared

spectral rcsions, Our assumption that \\ 'e are dealing rvith early giant N4

stars rests upon the follolving assumptions:
1. Tlie giant N'I stars, bcsidcs being vcr,v luttt inous, are strongly con-

centrated in thc galactic disk.

2. Bccausc o{ t lrc lorv lrrrninosits t lrc clu'alf \I stals cannot be obscrved

at qreat distances.
f 'hc abovc considcrations inclicatc that in the present survey of N{ stars,
in lorv galactic latitudc, dorvn to the l irnit ing rn:rgnilude of the prescnt
stutly, rvc u'oulcl cxpect to find more siant than drvarf N{ stars. 

'fhe 
erpccted

nurttbcr of drvarf N{ stars in the field covered here was estimatecl by
assutrring a trniforrrr distribution of the drvarfs u'ithin tirc elenrent of vo-
iurne covercd in thc surve).. f 'ablc I shou's the l irrrit ing rrraqnitudes reachcd
in the prcsent survey, thc absolutc infarecl rrragnitudcs as given by l l lanc<;
(1963) and the space'dcnsities of the du,larf N{ stars in the solar neighborhood.
Thcsc spacc densitics rverc dcrivcd frorn the Cil icse's Catalogue (1957) of
stars ncarcr  than 20 pc by Blanco (1963).

Table I

Tlu: cxpectetl nurnlrcr of drvars NI stars,
dedtrccd frorn tlrc given abs. nlaqrl., sl lace
dcnsity in the solar neighborhood and the
limitinc nlagnitudcs of t ir is studv.

M N[ , r .  D l im.  magn.  r  N
Spec. Type stars pcr' 106pc3 (pc) stars

2  3 .1  4 .0  12 .2  66  0 .56
3  E .4  7 .0  1 .23  60  0 .76
4 9.1 10.0 12.+ 4+ 0.,+2
-s 10.5 12.() 12.6 26 0.11
6 72.s 14.0 12.9 13 ().01

Total-ffi
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Thc cxpected total nunrber oI drvarf l I  stars is obtained by summing

tlre nunrbcl of du'arfs in cach spcctral type (trnder the heading "N"). Thus,

thc total nunrl:el of drvarf \ I  stars is 1.87 stars, n'hich is indeed exceeded

consiclcrably by thc total nu,nrbcr of early \ I  stars actual ly found in the

su lvcy  (221 s ta ls ) .  \Vc  dedr rcc .  there fo lc ,  tha t  thc  ear ly  N{  s ta rs  found in

this suncy arc l ikely to be giant \ [  stars.

TEST' OF CO}IPLETENESS

The search for \ I  stals in t ire test area \\ 'as tested for completeness.

This arca n"as chosen due to i ts apparent snroothness of the stel lar surface

distr ibution.

\ /an  Gcnt  (1933)  (sce  a lso  P la r r t ,  1965) ,  dev ised a  s ta t i s t i ca l  method

to test for corrrplcteness of a survey of variable stars. The method is modi-

f iccl hcrc for our Purposc of test inq the corl lpleteness of the spectral survey.
' I 'o 

achicvc this, thc iclcnti f icat ion o[ NI stars n'as carr ied in the fol lolving

\vay.
' I 'hc 

l I  stars of a sivcn'tvpc \vere scarched for by scanning the spectral

Plates: for cxarnPlc: t l rc f i lst scAn \\ 'as for stars of class \, I2, the second for

class \ ' I3 ancl so folt l ' r .  
- I- l i r 'ec 

1>latcs, having approximately the same photo-

graphic rpral i t ics, \ \ 'c l 'c scannccl inclcl>crrdently in such a u'ay. The number

of lc1>catccl clctct l ion in t)rc t l i f lc lcnt lr latcs can bc rrscd to cst irnate horv

corlplctclv ucrc thc stars o[ a qivcn s1>ectlal discovcrcd.

We non, adaPt thc van ( lcnt 's rnetlrocl to the discovcry of M stars on

3 p la tcs .  l , c t :

u'  bc t lr t '  prolrabi l i tv that a part icular type of stars can be detected

in a scan of 1 plate. The value \v \vas assumed to be the sarne

for al l  l ) latcs \\ 'hen rve deal rvi th the sane type of stars and

platcs ol '  apploxirrratcly the sanre clual i ty.

N bc t l ' rc nurnbcr of stars of part icular tvpe in the f ield.
' fhen 

the nurrrbcl of stars founcl 0. 1,2. ancl 3 t inres rvhen 3 plates arc

scanncd can be rvri t ten as :

a 1 y  :  N ( l -  u ) ; r

a 1  -  \ f  l  r r ' ) t r 3 u '

a . :  :  N(1- - rv )  l3 rv j

&;1  :  \11  : i  
) ,  ' )  , ,

v lhere  ao  *  a r  *  a , '1  *  t ; ;  :  N .

number of stars

t t  ) ,  t )

, t  ) t  t )

missed,
found once,

,, trvice,

,, in all plates,
( 3 )

In the above equations t l ie desired unknorvs are rv and N. To deterrnine

these quanti t ics the tu.o equations can be combined as fol lorvs. The actual

numbel of stars forrnd in the sun'cv of 3 plates is

A r : & r l a r t ' a s
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INFRARED SURVEY

Tlie average nuntber of tirt.res,

a r * 2 . a : . : * 3 . a ,
G, _ _____T, __

uh i le  the  average n t t t t rber  o I  t i r r res

ones, \ \ 'as found is

0 . a , , * 1 . a r * 2 . a 1  f 3 . a 3

OF GI.{NT M STARS

that cacl i  star \vas lound is

( 5 )

that an,v star, including the uncl iscovered

69

rvhere G1

is then

Frout  (5)

N _

In such a survey the problem of duplication, that is the assigning

in the dilferent scarrs dif lerertt spcctral t l 'pes to tlte sil l l le star, Itray Lrc

serious. We havc urinirrrized sr.tch a possible en'or by sttrdfing the stars irr

thc natural subgror.rps rvith ncgligible classification crrof, cxccl)t lor NI2-N'14.

Stars of type \I l ruay occasionally be i 'ncludcd in this group.

Table II gives the results of the cortrpletencss study. Because of thc

cluplication probleur the results for \I2-\{4 gloup shotrlcl be regardcd as

nrarqinal. It can bc scen frortr thc tablc that the valtrc of ^\1, thc nunrber

of stars found, and N, thc nunrber expected, are close to cach other. TI-.is

indicates that thc sur\.ev is plobabh cornpletc ull to vislral rrragnittrde 16

for early N{ stars and to 17 for stars in the NI7-\I10 group.

THE S]'ELLAII. SUI{FACE DISTI{IBUI'ION
A total of 263 giant NI stafs, in the region of 5 sqtrare deglces, havc

been discovered in the present srlrvey. In order to knorv rvhcther the stars

are distributed unifonnly over the searched aroa, \\ 'e have divided the

region into squares of 0.25 square degrees. The sides of thcse squares ale

paralel to the galactic coordinate sytem and are 0o.5 long.

As the region is relatively small and is free from partial interstellar
obscuration (Plaut, 1959), ue u.ould expect toobserve equal nunrberof stars

in each subareas. Horvever, sonre iou' surface density areas can be observed.
In general, the sr-rr-Iace densities for squares abo', 'e the galactic latitude

f 11o are comparable, uhereas the densities in the lou'er subareas show
rather larse variation.

G o :

and (6 )  G1 can bc  cornPuted

3w
ul: T---------i- ar -  l ' r

is cor.nputed from (5). Thus u

A t G t

- 3rr

is cqual to

( 7 )

can be obtained. Ti ic valuc of N

( 6 )

( 8 )
3rv



70 BrrMslNc Hronl,Lr'

It is, therefore, interesting to investigate rvhether the distribution of
- " tars in  the areas abor. 'e  anr l  belo l . t l re  +11o - l ine is  d i f ferent  or  not .  We
u'i l l  <lenote the areas above ancl belou'the l ine respectivelv areas I and II.

Table II

Me - I\4r l\,1., - M{! M7 - N{ro
SPec 

' " : r  " ' r  "- 
liound lioundffiu 
i- ,^ :" l x  2x 3x

Fourrd
1x  2x  3x

Total

1200
|  2  7  A r : 1 0  I

8r :  2 '600
w : .U(,6
N :  1 0 , 0  I r0 .0

3  2  4 A , . - 9
12.01-13. (X)  Br  -  2 .286

w . -  .681
N  - , 9 . 3

2  6  6 A ,  1 4  I  I
13 .01-14.00  g ,  -  2 .2 t i6

w :  .749
N:  14 .2  16 .2

2 1 1  2 2  A r : 4 5  i )  4  t i  A t : 1 2  0  2  2 A r : +
14 o1_rs oo 

?: 
r;I 

? I 
ri:r, 

ff: 
r^,:lt

N :48 .0  N :  12 .1  N. :  4 .0  64 .1

3  2  5 A r - .  1 0  2  7 1 2 4 t - . 2 1  o  0  4 A , : 4
1 . 5 . 0 1 - 1 6 . 0 0  g L : 2 . 2 0  h : 2 . 4 7 6  B r  :  . l

w : . 7 3  w : . 8 2  w : . 9 9 8
N : 1 0  N : 2 1 . 0  N : 4 . 0  3 5 . 0

2  2  ( , A r . 1 0  1  . 1  1 ( )  A r . ,  1 5  I  2  6 A r : g
1 6 . 0 1 - 1 7 . 0 0  h : 2 . 4 0 0  B r  :  2 . 6 C 0  % : 2 . 5 5 5

w : . 7 9 +  w : . 8 6 6  w : . 8 5 0
N  :  1 1 . 1  N  :  1 6 . 1  N :  9 . 0  3 6 . 2

1 7 . 0 1  1  I  A r  . - . 2  1  1  A r - 2  1 ' , Z  1 A r : 4

Br  -=  1 .50  91  :  1 .50  gr :  2 .000
w : . 3 8  w : . 3 8  y ' r : , 6 3 3
N : 3 . 0  N : . 4 2  N . : 4 . 2  1 0 . 2

9.3
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The a'erage densit ies for these t\ \ 'o arcas are 13.3 stars per unit  area ( i .e.per 0.25 squarc degrces) anct 13.0 stars per rr,nit  area. rcspectir .elv. Assur.r.r ingthat the stars in the trvo arcas har.e ranclom cl istr i l r . t ion (fronr t \ \ .o cl i f ferentparent populat ions) and that the stars har.e been cletected inclepenclently,
lhe estin.rated 'ariance of the stcl lar srrrface cl istr ibution in each area ca. becomputed from

- l l' r : ; rT)t  (^,- ;) ' i
where n -= nurnbcr of areas (rvhicir is l0 in each cascs),

xt :  surface stel lar. density in each ar.ca,
x :  averagc surface stcl lar. densit l .  in the ar.ea abor.c orr  I  |  _ l i r r c .

(e)

Tlre tcst statisti<' is to slrorv *.lrctlrcr. thc 'ar.iances obser'ed in tl ieareas I a'd II arc diffcr.errt or not, t 'at is *,hcthcr S? : S?, is t.r". H"reS, and S,, are tirc varianccs of the stcllar polr.lation in areas I ancl IIrespectively. The "F-tcst" (sec for e-xalrple: Bro*.nlcc. 1960).

F-+
J T I

can be perfornred in orcrer to .ccc1;t or. to rcjcct tlie hl.potrrcses of theequality of the variances. The hyporhcscs rr.i l l  be reiectcd if

belorv tirr:

( 1 0 )
rvhere a is t lrc lc'.1 oI sig'iI ica'cc: af2 si 'rpl ' cle.otes (hat a.c 'cr.fo.' i i 'gan erltral_tail test,

f, and fr, a.c tlrc clcgr.cc of f 'ccclorrr for arcas I ancl II respec_
tircly. In both cascs tircy alc equal to 9.

The'al.e of t 'e riglrt rranri sidc of Eq. (r0) is reacl fro* a table ofpercentage points of t l ic."F-distrib,tio." (l lrorvnrec, 1g60, 'agc 550).rn practice, it rvould not bc possible to sclect r ' 
".bitro.f 

'ar.e of ,,a,,.
It is bcst to be done if rve rvourcr deciclc at *. 'at ler.cl of si.gnificance ,,a,,
that our hypothese can be accepted.

Using Eq. (9), l l ,c ai,rl ,"i and s,] are 1*.9 ancl 56.6, respecrively.These values yielcl F 
- 

, i, / , i  .,1,,"1"t,, 3.79. T.trc tabulated values, forthe significance le'er of 5'r ' 'ancr t ' iL are .1.03 ancl 3.18 respectivery.
rf rve rvere to c'oose trte 5',L relel of significance th".,,u" cannot rejectthe hypotheses that the 'a.iance in II is trre sarrre *,ith the 'ariance in I.Horve'er, at 10lL re"'el of sig'if icance trre corrrp.lcd r.alue of F is sreaterthan the tabulatecl raltrc. l 'hus, at this level of significance the test shorvs

F > Fa,,2, 
fr, l.

INSTITUT TEKNOLOGI B.A,NDUNG
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t l ' rat u'c cannot accept thc hypothcscs of thc eqtral i ty of variances. In this

case, thc larger variabi l i t l '  rvhich is obscrvcd in area II  is probably caused

by erouping of giant \ [  stars. 
' l 'his 

grouping r loulcl tnake sone arcas more

densely populated than other areas.

The "t-test" can be rrsccl to shou- rvhethcr thc average surface densit ics

in I  and II  are courparablc or not. Let d be the dif ference betrveen the

sulface clensit ies of t l ie populat ions in areas I and II ,  the "t-test" can be

u  r i t t c n  a s

i r - i , , - d ( 1 1 )
s , ,  ( I  n , ' l  l / n , , ; 2

n,here c l ,  in  t l r is  casc,  is  er l r ra l  to  zc lo.  y ,  -  i , ,  :0 .3 and

t -  I  1 : 3 5 . 7 8 .

l 0
I  (x i r  -  xr ) t  I -

1 0
I  ( x , , ,  I  x r r )g

t
S t

( n , * n , , - 2 )

I n s e r t i n s  t h c s c  v a l r r c s  i n t o  [ , c 1 .  ( l l )  u c  o b t a i n  t : 0 . 2 0 9 .

Using thc 5/o lcr. 'cl  of sisnif icancc thc cornputcd t is found to bc lcss

t i tan  t , .oz5 , ' .1  ,  u ' l r i ch  i s  ' :q r ra l  to  2 .10 , l . ' l ' h r rs .  a t  th is  l cvc l  o f  s isn i f i cance

tlre t l i f fclrrrcc of thc a\cragc sr.rr ' facc clcnsit ics in I  and II  is not signif icant.

\ \ Ic rrra1 . t l rcrc' folc. conclrrclc that thc cl istr ibution of giant M stars in areas I

anc l  I I  a rc  cssent ia l l y  thc  sanrc .

I 'FIE DENSITY AN,\LYSIS

'I 'hc 
fundanrental cr lrrat ion^of stcl lar stat ist ics is

1

A( r r r )  cb : r  -  u . r l \ I  /  r ' j .  l ) i r ' ) .  L  (n r  +  5 -  5  l oe r )  d r  ( 12 )
I

drvrrere A(rn) dttt - 
;,.;*il;:.:toi':ffil::: i. il':::

anglc rv. having

nt-l t/z dm.

a distance r fror-nD ( . ) :  nurrLl)cr of stals per rrnit  l 'olunre at

t l ie strn.

L(N{) d\I : lxn'n,il-:i::1,:: :l:-ilT::'..,,f":TT,r ; :T;
and - \ I f  % d \1 .

Schrvarzscl i i ld (sce l lok. l9:17) l ias sl iou'n that Eq. (12) can be

intcgrated cl i lcct ly to yielcl  thc analvt ical relat ion bctrveen A(rn) and thc
.t l)Parent ruasnitrrclc l troi ' idccl D(r ')  is of the forrn
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INFRARED SURVEY OF GIANT M STARS

D ( r )  -  e x p {  U + K  l o g r f L  ( l o g r ) ' :  }
rvhere H, K and L are constants, and

/ 5

(  13 )

(14)
l l

L ( M ) - . - c x p . _ - ( M - M ^ ) 2
oV2tr  2o2'

Here N{s and 6 arc the absolutc rnagnitude and dispersion, respectively.

Then the rcsrr l t ing equation is

l o g A ( m )  : a + b m l c m 2 ( 1 5 )

where A(m) is the nunrber of stars Per square degree having magnitude

f>etr'veen n-/2 dm and n+/2 dm. The reiation bettveen A(m) and rn,

obtained in the present study is shorr"n in Table III.

Table III

f irc nunrber of stars in 0.5 magnittrdc intervals

per 5 sqr-rarc degrees.

I l l  
\ .

9.5
10.0
10.5
1  1 . 0
1 1 . 5
12.0
12.5
13.0
13.5
14.0
14.5
15.0
15.5

\,I2-I{-l

0.6
1 . 8
4.0
7.0
9 .3

t ) 7

16.5
2 6 . 1
42.5
20.0
24.0
7.0

r\{5-M6.5

l . l
1 t
1 . 7

3.0
6.4

7.0
8.0

10.7
12.9

M7-Ml0

0.2
1 .0
2.3
3.8
6.3
9.2

16.9

In practice the constants a, b and c in Eq. (15) are obtai'nedbyfltt ing
a quadratic curve to the obsen'ed log A(nr)-m distribution. Further we
proceed to solve Eq. (13) to obtain the density distribution.

The density distribution obtained this rvay must be corrected for inter-
stellar absorption. The relation betrveen the fictitous and true densities is

D ( . )  - D ( r 6 )  l Q o ' o ' G , ! l  { r a ' ( 0 )
(  5 M o d )
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rvl iere D(r,r) -  the f ict i tous density at distance rs

a(r) - the absorption r-rp to the point r,  in magnitude,

a'(r) -  the dcrivativcs of the absolpt ion frtnct ion at point r,

in rnasnitude per parsec.

The relation betu'een r and 16 is

" 
- 0.2 ,\ ,

l n

tvhcrc Au is thc total visu:r l  absorption, u'hich is adopted as 3.2 E"-,r.

f 'hc color-cxccss-distancc rclat ion is taken f lorn the r 'csults gi len by I l idajat

(1967)  anc l  l l i da ja t  and \Vch ingcr  (1968) .

Table II I  shou's that thcre is a drop in frc<luency at nragnitudes 1'1.5

for carly N{ stars (\ t2-\I+). The drop is bel icvccl to be real and is a ref lec-

t ion of thc scarcity of t l rc cal ly XI stars bcloncl apl)arcnt nrag'nitude 14.5

In thc other rcgions of thc {rccluency distr ibrrt ion ctr lvc t}tc rr.rn is smooth.

1'hc analyt ical solut ion outl inccl above rvas carr icd out by a computer

prograrlr kincl ly conrmunicatcd by Dr. N.R. Sanrval (unpublishcd). In the

c*rlcrr lat ion of t l rc cler.rsi t l ,  cl ist ibLrt ion u'c havc acloptccl the absoltrtc r lraqnitudcs

and cl ispcrsions given lry l l lanco (I965), aftcr having bcen averaged

on thc basis of thc apparent rrragnituclc frcqucncy distr ibution found in

this studr' .  Tablc IV sho*s thcsc adoptcd ( luanti t ics.

Table IV
'Ihc 

adoptcd absoltrte rnagnitudes

and dispcrsions of giant M stars

Grolrlr

N,I2-IU+
\,I5-N410

M u

:1 .0
--0.9

o'
-+ 0.7
-+ 0.7

I ior the purpose of cornparison t l ic density of the stars later than M5 rvas

cornpritcd by using the absolute maqnitudc dif fcrenccs of + 0,-5 from the

a.dopted value. It rvas found that the absolutc n'ragnitude effect is large at

distances of r less than 2.0 kpc. In t l tesc regions the densit ies are halved or

doub'lcd by changcs of 0.''5 in \I0. Bcyond 2 kpc the effect of absolute

magnitude becomes smaller and gives variation in densities of about

25/o - 30Vo,

The rcsults of the analytical solution \vas checked by ureans of a

nunrerical method such that dcscribcd by Schalen (1928). In this rnethod

a modification is rnade such that the stars of a given apparent magnitude

are assumed to have a Gaussian disribution of absolute masnitude

VOL. 4, No. 3, PRoCEEDINGS 1969
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I I
L ,  ( l \ l )  -  . -  c \n .  (N I  -  X l  ) t'  

on,\ 2; 
'  

2 o,i, 
\ rrr/

2

N {  . - N I  -m  u  l o g e  d m

2 ,  o i  dz log A(m)

. l o g  c  d n r j

75

(17)

wl ic rc

2
o,, t

Hcrc M,, 
-- thc nrcan absolrrtc nagnitucle for stars of apparent mag-

nitude rn.

Mo : rrcan absoltrte nagnitude per unit  volunrc

6,. :  cl ispcrsion in al;soltrtc rrragnitude for stars sclected by volurne.

Since the sccond dcl ivat ive of the log A(rn)-nr distr ibution

is a srrral l  quanti ty 6:n, \vAq alr lays taken as oo .

\Vc Iravc conrputccl thc nurnbcr of stars found bctrvesn l ' , t+-ldN{ as

fol lous. Lct f ,  -  d\I .  I t  is convcnicut to lct I  also cclrral to drn, the

apl)arcl)t  rnasnituclc intcrval u' i thin u'hich thc stars counts are rnade. Then

thc nunrbcr of stars fotrnd in thc intcrr,al of M", * A is

/ ^ \  A  \  I  / n \ l rN - l - l . A  -  - c x n . ' -  l " l :
" ' \ 2 /  - o - 1 2 ; r  '  |  2 " 1 " \ z /  \

In general,  the nurnbcr o[ stars rvithin thc intervals

l \ I -  - 1 -  ( " -  1 )  A r o  N I D  *  n A a n d I { - -  ( " -  l )  [  t o  1 \ { , , ,  -  n  I  i s

/ n r \  A  \  I  / n A \ 2 1N " , (  = ) - - r \ " ,  ^  c x l ) . i - ^  - l  l :" \  2  /  " ' c , , , \ / . : T  '  I  2 o l , \  /  / \

or  :  A , .  f  (A ,  o , , ) ,  ( 18 )

r'vlrerc n - 1, 3, 5, 7, .

f 'able V shou's thc lalucs of f( A, o,,,) for A 0"'5 and o; =.0T7,
corrcsponcling to thc virlrrcs ulrich n'c uscd in the anaiysis of giant N{ stars.

Table V

f i ie acloptccl valucs of f (A, o,")

for o,, : 0T7
n
I
q

tr
J

J

o

1 1

f
0.261
0.160
0.060
0.014
0.002
0.000
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Then an (rrr-f t)-table can bc constnrctccl.  Thc entry in each cel l  of thc

table is thc value founcl in Eq. ( 1 B i  .  The q"r.t l  t  - tablc can reacl i ly bc

t rans formcd in to  an  ( r r r . r ' ) - tab lc .  s incc  thc  cn t l i ' i n  cach cc l l  o f  thc  ( rn ,nT; -

table is t l tc numbcr of stars uithin thc cl istanccs r i ] .11d f i  i1, rvhere the

valucs of r 's arc conrptrted f loru 5 ioq t 10 ..  rn-\I .  
' I ' l rc 

total nunrbcr oI

stars betrvccn thc distanccs r,  4l1d r '_t is thc surrr of thc entr ies o'" 'er thc

rnagnitudcs. Lct thc voluruc bounclccl b, '  thc sht: l ls of lacl i i  r i  and r i  . t ,  1
bc V. then t l ie spacc densitv of stars at t l rc cl istancc

r  I r' i  /  ' i +  1  i s  c o m p ' t c t l
2

In thc prcsent study u'c havc takcn thc avcragcs of
cl  log A'  (nr)

cl rt-t

since thc slopc of t l ic frcr luency cl istr ibLrt ion clocs not changc vcly r lruch rvithin

thc rnagnittrdes l inr i ts. Also n'c havc tal ir :n o),alwa)s cclual to the cl ispcrsions

tabulated in f 'ablc I \2. 
' fhis 

is jrrst i l iccl ci trc to thc fact that t l ic second

dcrivativc of thc frcclucncy cl istr ibution is foLrnd tg bc ncal ly zcro in the

n,hole rangc of nragnittrr lc covclt 'c l  by t lrc pfcscrl t  sul ' \ 'cv.

] {ESUL] -S r \ND I ) IS( IUSSI ( )N

The rcsults of the tu'o rnct l iocls of soh' inq the frrnclarnental cquation

of  thc  s tc l la r  s ta t i s t i cs  a rc  s l ro rvn  in  
' I ' ab lc  

V I .

Tablc VI

Spacc  dens i ty  o f  r ian t  X I

(stars pe'r i0' t  i rc:r)

l t2- t r I+

STAIS

\ I 5  -  \ I 10
( 1 )  ( 2 )

r

\ P C '

750
1 000
1 500
2000
2500
3000
3500
5000
6000
8000

( 1 )

5 .8
b .  I

1 . 1
a .  - l '

. l . o

2 . 7
t . 7
1 . 0
0 .7
0 .3

( 2 )

3 .0
8.0
5 .8
3 .8
2.tl
z . J

1 . 1

(0  s )
( 0  6 )
0 .5
0 . t
0.-1
0 .3
0 .2
0 .2
0 . 1

(0  s )
(0  s )
0.5
0 .5
0 .5
0 .3
0.2

( l )
(2)

result of analyt ical solut ion
,, numerical

Note:
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The r-esults prese'ted in 
' fable 

vI suggests that there is no systenratic
ci i f fercncc bctrvccn thc ruclrocls of solut ion. Tl i is result supports Crorvder,s
s tudy  ( i959)  in  rvh ich  he  has  s l to r rn  tha t  theSchrvarzsch i l c ldens i tyana lys is
does not dif fer frorn thc solrrt ion by ureans of thc nr- log ;;rnethocl (Bok,
l9:17) i f  the .un of log A(rn) is snrooth. l . 'hc latter mcthocl does not employ
any assurnccl analYtic rclat ion lrct$'een log A(nr) and the aPparcnt rnagni-
trrcle, ancl is frec frcxl a "sniootl i ing" proccss in star counts.

Care lnttst bc taken lcgalt l ing the cl istance rvithin rvhicir the results oI
thc anal l 's is can l tc consiclclccl rcl iablc. 

' fhcse 
cl istancc l inr i ts can be conrpute4

1r'orrr t i rc distances oI t l rc lrr . iglrtcst and faintcst star.s obsen.cd in the srlrvev.' I ' l rc 
peI 'cnt lrcscs in 

' I 'able 
VI clenotc thc r-alrrcs rr ' l r ich should bc considerecl

as havinq lorvcr- rvciglrt .  clLrc to t lr<: al: ,oic rncntionccl l i rnitat ion ancl the
scarcity of thc sirrrs at t i rc bl ir l l r tcl  and faintcr. cnrls oI thc sequeuce.

l 'al<ing thc rcstr l ts at facc 'al tre u'c note tr iat there is a high concen-
t |a t ion  o f  \12- \11  s i i r l s : r t  t l r t :  t i i s tancc  o f  ap1; r .o ; r i r r ra tc ly  1 . I ;  l i pc  f ronr  the  sun.
r\ lbc|s (1962) lrointccl oLrr t l re conccntr.arion of l \ I  stars in t f ie Saggitarius
Aun.  

' l ' l r c  
l inc  o f  s is l r t  o f  thc  l ) rcscn t  s t tLc ly , i s  p robab ly  c ross ing  the  ex ten-

sion of t l te alrt t  obscrvccl by ' \ lbcls. ' l ' l rc 
clensit l ' forrncl in the present study

is, ho, ' 'ever, lor,, 'cr t l ran t lrc ste l lar cleusit l ,  Iotrncl in Albcr.s'  study. 1'his fact
r r ray  bc  <a t tscc i  l . r1 ' t l r c  loca t ion  o [  thc  f i c lc l .  rv l r i c l r  i s  a t  I r i s l rc r  ga lac t ic  la t i tudc
conrl;arccl to thc Alber's f ielcl .

' f l tc 
rtrn ol t l rc stcl lar r lensit l '  c l ist l ibrrt ion for '  \ [5r-\{10 gror-rp decreases

svstcrnatical ly l i t l r  t l rc distar-rcc f lour t l ic srrn. Thc rcsglts tend to confirm
run ear l i c r ' f inc l ing  tha t  t l r c  la tc  \ [  s ta rs  a rc  c l i sk  1>oPula t ion  (Nassau,  1g5B) .

,, \  r lclai lccl cl iscrrssion of the rcsrrrts of 1hc 1;r.csent study rvi l l  be outl ined,
ir  tcnl l  oI thc gc.c.al galactic stf .ctr lre. in a sLrbseqrrcnt paper together
* i th  rcsu l ts  ob ta incc l  in  o rhcr  f i c lc ls  ( I i i r ra ja t  anc l  I l l anco,  1968) .
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