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1 _iNf1.1 g-JBkwYNQ=

_B*_/ms1N@k5,Qok3HK, 16$*vK@t#I&U!
Vj-&9JDavid FabriiusK,$U$?. 3l,, =_K3/Qw1&
fNbr+$?3HO, -/NilF$k.
_iNQw,s 11+nN~|G+jV5lk3HK$U$?NOhO
s&[kok@JJohan HolwardaKG"k. =_GO~|O 332|G"
kH5lF$kNG, v~+iQwN~|,[\QoCF$J$3H,,
+k.
3N1NQwGGbC+5lk3HO, ?H$CFb=NQwN,ON
g-5G"k. ycG+?lgN1N@k5r-\9kyiO, Bkyi
Jvisual magnitudeKHFPlF$k,, Gb@k$lgKO 2.0yG, G
bE$lgKO 10.1yG"k. =N9 8.1yN}wO, ~#9k(Mk
.<N(,i74\KJCF$k3HKjv9k.17$*NM9,, 3Nh&J~#9k(Mk.<N9rW;G-F$?
o1GOJ$,, iFslGVC[WH$&U#NV_iWH$&FS>
r?(?NO, #J*5vG"k.
^ 1K_iNwYQ=NMRrG2?. ^:+F,+k3HO, =N6
}Ng-$3HG"k,, =lH1~KKgwYdK.wY,d(:Q=
7F$k3HG"k. 3lO, O<m<&7cWl<JHarlow ShapleyK
,, .0Qw1N&LNC'H7F"2?3HG"CF, 3N1,D%}
Lr+jV7F$k+iGOJ$+H[|5;khlN,rHJk.
=lK7Fb+vJwYQ0G"kH$o6kr@J$.
_iNh&J1O=Ne!9H/+5l?. [kok@N~|N'+i38/eN 1868/KOr;B+$1NQw,/+5l, 18$*N&AK$
XB R1, bRB R1,/+5lF$k. J0OV'Qw1HFPlk
3Hb?+C?,, Qw1mg\?JGCVSKGO_i?Qw1HFsG
$k.
Qw1mg\?GO, 9Z/HkNC',Me?, Ce?, Se?G, @k5
N6},BkyiG 2.5y+i 11yNOOK"j, ~|O 80|+i 1000
|G"kH-5lF$k. 5iKV0~KhkQ,GN-AKD$Fb-
R,"k,, =lOeK(lk.1.2 g-/J$4|MwYNQ=20$*K~j, 1+iN|Mr5iK:)J,j,n_ilkh&K
JC?. (8=s&ZF#CHJEdison PettitKH;9&K3k=sJSeth2



^ 1: _B*_/ms1NQwJ~. 1995/+i 20035/K+1FNs 3,000
|VNQ,kL,(5lF$k. 3NkLO VSNET G/=5lF$kbNG
"k.B. NiholsonKHO, .EPrQ$F, 1+i~e9kE'HJbAmsD
kwb^aFKNm(Mk.<N,jKhjHs@. 3Nh&J, 4H9
NhK^?,k|MNmLKpE/wYr, 4|MwYHFS, =lr=
9yir4|MyiJbolometri magnitudeKHFV3HH9k. }J/
=N78tJIGO, UMyiH-7F$k,, 18bNrX7F$k.
`iO 6DN_i?Qw1r, 1921/+i 1927/^G 7/VKo?C
FQ,7, 3liN1NBkyiGN6}O?Q7F 5.9yG"kNKP
7F, 4|MyiGN6}O?Q7F 0.89yG"kH$&kLr@? (1).
BkyiGN 5.9yH$&6}O@k5, 230\Q=7F$k3Hr(7
F$kNKP7, 0.89yH$&NO, 2.3\NQ=H$&3HG"k. 3l
O, 1U'&9BGk??1JIHfYF, 1C7Fg-/OJ$.
=l[Ig-/J$_i?Qw1N4|MyiGNQ=H, g-JBk
yiGNQ=HNX8,, _i?1Ng-JfHJC?.2 =LNQ02.1 9Z/HkNQ0

_i?Qw1,.07F$kH9lP, =NwYQ=O=L9YNe:
<_KhkG"m&. =L9YNe:O, 9Z/HkNC'r4YlP9
YNQ0,,+kO:G"k. 3



= 1: U|?1N9Z/HkN 3o`NOs
9Z/Hk? C'M ? l@=A?sNESC ?J:G1K :G, 87"sNESS ? l@=8k3K&`NES

_i?Qw1N9Z/HkO, Me?, Ce?, Se?JIK,`5lF$
k. 9Z/Hk?K:(zN e,"kNO, 1~,+ilk3Hr(7F
$k. [}~,SuK,[7F$kNr, ESHFV. M?, C?, S?J
IN9Z/Hk?O, INh&JES,+ilk+G,`5lF$k. 3
Nh&J9Z/Hkr(91rU|?1HFV,, = 1KF9Z/Hk?
NC'r(7?.
A?sd8k3K&`O,1KgLK^^lF$ko1GOJ$,,=N
@=*,DkwNNhGT)@5rD/j@9NG, wXQ,GO\)C
?C'HJk. 1N9Z/HkO, =L9Y,c/JkH, o:+J=X
H.NQ=KhCFg-/MR,Qok. #DI:JYoshio FujitaKO,
3&7?1N=LGINh&J=X?~,8:k+rW;7, @GHAC
GHKP7F:G,?$+/J$+KhCF, 3N 3o`N9Z/Hk,
8:k3Hr, OaF@i+K7? (2). C?N1r:G1, M?H S?N
1r@G1HFV3H,, #DNkLKpE$FO^C?.
_iN9Z/Hkr&f7?"kUlCI&8g$JAlfred H. JoyKO,
[}~NC'+i, @k$H-K9Y,b/, E$H-K9Y,c$H$
&-ArN+a? (3). .01O=N&LNC'H7F, @k5NQ=O
=L9YNQ=K/x7F$kH$&-Ar}CF$k,, _i?1b.
01H7FN-Ar}CF$k3H,, 3Nh&K7FN+ail?.2.2 'NQ0

9Z/HkNC'N[+K, 'NQ0,I&JCF$k+b, _i?1
,.01+I&+rN+akb&RHDN\BH7Fm\5l?. 'NX
8H7F?/Q$ilkNO, (B � V ) G"k. 3lO, BSHFPlk
wNNhH, V SHFPlkwNNhHGNyiN9G"k. BSO, i
|NL?%DN6YNb$NhKP~7F*j, V SO, ycG6YNb
$NhKP~7F$k. 9JoA, ByiOi|NL?%DKLC?1N
@k5Kjv7, V yiOBkyiKP~9k. Byi+i V yir:8
?M,.51lP, D&G"kByi,@k$NG"k+i, 1OD$H4
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^ 2: Q,5l?U|1N'J@G?H:G?Nc$K. #4OV$wGN
@k5G"k RyiHBkyiNcG"k. D4O (B � V ) yiG"k. :(
zN 0O, 1V*ANFArW;Ghj|$?MG"k3Hr(7F$k. r]
OMe?H Se?NQw1G, u]O:G?NQw1G"k. C'*JESNFA
G, FNhGNwN@k5,[Jk3H,,+k.
$&3HG"j, g-1lP, V$H$&3HG"k.
_i?Qw1N'NQ,O, (B � V ) yiGO, GbD/JkNO}w
fN~|G, KgwYra.F:w9k~|KGbV/JkH$&kL,
@il?. LJwNNhGNQ,GO, Gb@k$~|KGbV$H$&
kL,@il?. 3lGO, .0Qw1+I&+NjG-J$. =3G, 1
N=L9YH'HNX8,, _i?Qw1GOINh&G"k+,djH
Jk.
^ 2KQ,5l?_i?Qw1d>~|Qw1N'r(9 (4). ^N#
4O, V$wGN@k5G"k RyiH, V yiHN9G"k. M?d S
?O, @=*NES,\)DNG@G1HFPlk,, 3liN1N9Y
NX8H7F (B� V ) yi,xQG-J$3H,,+k. 7+7, :G1
HFPlk1GO, =L9YNQ=, (B � V ) yiNQ=H7F=lk.
3Nh&JQ,kL+i, _i?1N'NQ,H=L9YrBWKX8E
1k3H,G-J$3H,,+CF-?.
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2.3 =L9YByid V yirfS9kJ0K, _iJI@GN?$U|?1N=L
9Yrdj9k}!OJ$G"m&+. ZF#CHHK3k=sOO, 4
|MyiHer)a9k|M@1r,j7F, _i?1N=L9Yrdj
7h&H7?. eO, V0~N&AH9, 1.3^$/ma<HkJeN+
JjNt,r[}9kNG, 3N}!O, 9YNc$1+i~#9k|M
N, V0~NhHDkwNhHN@k5Nfr4Yk3HKJk.
`iO, _i?1NQ,kLHB3MHrfS7F, _i?Qw1N=
L9YO 1800Y+i 2350YNOOGQ=7F$k3Hr+$@7? (1).
r;B+$1GO,Gc9YO 1630Y^Gc<9kH$&kL,@il?.
8g$O, =L9Y,b9~G 2300Y, c9~G 1800YG"kH$&
3HO, 4|MyiGO 1.1yNQ0HJk3HrX&7?. ^?, =LG
NT)@YNFArM(J1lP, 3N9YQ=O, BkyiG 3.3yN
>AG"k3HrX&7, Q,5lkg-JBkyiGNwYQ=O, c
9~KDkwNhG, 1N=LGNl@=A?sN[},//Jk3HK
hkHM(? (3).
V0~GNQ,Gb, [JC?H9hG,C?@k5N9r'HFsG
$k. l@=A?sJI,RNFA,"kH, PiD-,g-/JkNG,JyiJH9 1.26^$/ma<HkUaGN@k5KHKyiJH9 2.15
^$/ma<HkUaGN@k5KH$&$:lbV0~G,C?@k5

N9r\BK9kH, 9Z/Hk?GM0+iM5^GNOOGO, .j
G-kX8,@ilF$k (5), (6). = 2KO, ^</&O&@7'kH
JMark HoudasheltKiNkLrG2F$k.J yidKyiO, &fTKhCFH9hJI,y/K[JkNGmU
,,WG"k,, 33GOn"Uj+78fGNQ,HfSG-kh&J
MrG2F$k.
O&@7'kHikLG, b&RHD$U/3HO, DkwNQ,kL
N0}K-/xQ5lF$k'NRHDG"k (B � V ) yiH}@HN
fSG"k.
kLr^ 3K(7?,, M0?+iM6?K+1FO, (B � V ) yiO
[HsIQoiJ$. 7+7, M7?KJkHUKD/Jk. _i?1Nl
g, (B � V ) yi,D$lgKO, =L9Y,b$lgHc$lgHP}
"j, 3N'rQ,7?@1GOhL,D+J$. 3lKP7F, 9Z/
Hk?GO, 9Y,c$+b$+O, Q,5lk~dSNC'GhLG-
k. 7+7, 'NQ,+iO, M6?hjc9&NlgKO=L9Yrdj
9k3HOG-J$.
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= 2: 9Z/Hk?H=L9Y, 'NX81N=L=$N}@W;HQ,rf
S7Faa?O&@7'kHiNkL. =XH.O@[H18H7FW;5lF
$k. =L9YN1LOdP9Y, =LEON1LO;sAa<HkhChCG
"k.

9Z/Hk? =L9Y =LEO ' (J �K)M0 3880 11.48 1.011M1 3835 9.55 1.037M2 3740 6.46 1.093M3 3675 4.90 1.133M4 3595 3.47 1.186M5 3470 2.14 1.278

4500 4000 3500
=L9Y

1.21.41.6(B � V )
e e e e eee e e e e e e

^ 3: K?, M?p1N=L9YH' (B � V ) HNX8. #4O=L9Y,
D4O (B� V ) yiG"k. O&@7'kHiNW;kLG"k. Q,Hb[\
lW7F$k. =L9Y,<,kH3N'OD/Jk3HKmU7?$.
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2.4 l@=A?sHO

3l^GK, l@=A?sH$&*A,?+j+GdjHJCF-?.
l@=A?sHOINh&JbNG"m&+.
l@=A?sO,@G6R 1DHA?s6R 1DH,kSD$FG-?,
RG"k. ^:, A?sG"k,, ololNHaGO, A?sJtitaniumK
H$(PE$dr'Nb0G"k.
A?sN@=*G"ks@=A?sO, r'NiAH7F-/Q$il
F$k. BOA?sO 'h4NGO, +k7&`d3PkHJIHBsG
+JjNL8_7F$k3H,,+CF$k.
@[N=LGOA?sN$*s,Q,5lF$k,, 9Y,c$lgK
OA?sO@GHkg7Fl@=A?sN,RHJk. 1N=L9Y,4000Yhjc/JkH, 9Z/HkfKl@=A?s,Q,5lkh&K
Jk. 3N,RO, DkwNhGb$T)@Y,8:k6xHJk.
_iN9Z/HkK, l@=A?sNC',+ilk3HrX&7?N
O, "kUlCI&U!&i<JAlfred FowlerKG"k (7). v~N`N@
8rI`H, c9G=LEON.5J1r"s?l9?JAntarianKHF
sG$?3H,,+j, _ib=NRHDH5lF$?3H,,+k. ^
?, =_, SuN9Z/HkJband spetreKHFsG$k,R/;N9
Z/Hkr, Br"3*Kos@h&JJutedKH==7F$k. XQQ
lb~eHHbKQoCF$k.3 ~|wYX83.1 g^<is1@

Qw1N~|wYX8KD$FO, ^<is1@NQ,,r)D. _i
?Qw1Nlgb, eu1DfN1NQ,+i~|wYX8raakn_
,J5l?,, d,Fg^<is1@K^^lk1NQ,KhCF, ~|
wYX8,@FK(5l? (8). ^ 4K`iN@?kLr(9.
3NkL,@il?NOo:+ 20/0G"k. 9/_i?1N~|w
YX8ON'5lF*i:, c(PQHjC/&`<"JPatirk MooreK
,V78XN.M9VC/WK, _i?1KO1U'$INh&J~|w
YX8OJ$H@-7F$k,, =lO 1979/N3HG"k (9).
~|HK yiHNVNX8O, spNfGO!Nh&K=5lF$k.K yi = �3:45� (logJ~|K� 2:4) + 11:15 (1)
3N0O, ~|, 250|N1NKyi, 11.15yG"k3Hr/49k=
=G"j, ~|, 10\g-/JlP, @k5, 3.45yQok3Hr(78
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^ 4: _i?Qw1N~|wYX8. g^<is1@N 55DN_i?Qw1
N~|HwYr(9. #4O~|J1LO|KNPtG, D4OK yiG"k.
F$k.3.2 ololKa$_i?1

ololN@[OKa$_i?1NdPwYrNk?aKO, D9N1
Nw%rNiJ1lPJiJ$. g$N0&XGAe2?M)R1RCQ
k39Khk0Q,LG, _B*_/ms[+vD+N1Nw%,,+C
?. w%,,+lPdPwY,W;G-k. 8j"s&JCWJGillian R.KnappK?AO, g^<is1@G@il?~|wYX8O, dOObN
_i?Qw1Gb1MK.j)CF$kH7Fh$3HrN+a (10).
`wiNaa?w%, dPwYN&A, $/D+N@k$_i?1NM
r= 3KG2k. 3N=K"kw%O, RCQk39R1NQ,kLrv
i0}7F@il?w%H?/[JCF$k. viN0}GO_ihj
bE$H$&kL,@ilF$?, r;B+$1H5|B R1Nw%O,
hja$H$&kL,@il, dPwYO>N_i?Qw1H1MJMK
JCF$k.
n"Uj+N78fGTol?_i?Qw1N\7$V0~Q,NkL

,QHj7"&[o$HmC/JPatriia WhitelokKiKhCF/=5
lF$k (11). =lH, = 3KG2il?w%HKpE$F, 3liN1
,@[N?\N(Mk.<r|M7F$k+rW;7F_kH, _B*_9



= 3: _i?Qw1Nw%HdPwY
1 Bkyi w% dPwYJ?QK

JKgK w/ K yi
_B*_/ms 2.0 350 �7:6
r;B+$ 3.3 490 �7:8
$XB R 3.5 390 �7:8
5|B R 3.9 440 �7:0
bRB R 4.4 270 �7:1

/ms1J_iKO@[N 5436\, r;B+$1G 4514\, $XBR1
G 6185\, 5|BR1G 3079\, bRBR1G 2497\H$&MHJk.
]<k&ajkJPaul W. MerrillKiO, 1924/N@8G, _i?1N
(Mk.<|M(r@[N 1600\Hdj7F$k (12). =lKfYkH,
=_NilF$kMO 3\JeHJCF$k. _i?Qw1ODgJ(M
k.<ro9|P7F$k,, =N.;O@[JINgOs1HO[Jj,
eG@1GJ/, Xj&`=N>N6RKN;g?~KhCF$k.3.3 7?J'hNtf

_i?Qw1N~|wYX8,N'5l?3HKhj, _i?1O'h
Nw%,jNrjjH7F~aFm\5lk3HHJC?.
dOONfGO, =N,[r\7/4Yk3HKhj, Il/i$NK,
I3GINh&J1,G-?+r&f9k3H,G-k.
^?, dOON0&, Ok+s}K"k1@NfN_i?1rQ,7, =
N~|r4YFw%raak3H,G-k. A,a-73N9R=sVl
mKwF$k3HGNilF$kNGC51281@N_i?1NQ,+iw
%raakn_,J5l?,, =l^GNFoN}!KtiJ$:YGw
%r,k3H,G-k3H,N+ailF$k (13).
_i?1N~|NhjKO, +JjN/n,++k. 3~|/i$GO
:Y,T<,G, 10~|,NQ,,,WG"m&+i, @k$_i?1K
D$FO, 10/xYNQ,N_Q,,WG"k. _i?1HND-"$O,
~V,++kNrPg7J1lPJiJ$.
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4 _i?1ND%}L4.1 9Z/Hk~N:l

9Z/Hk,b9r(9~K1,@k$H$&3HO, _i?Qw1,
.01G"k3Hr(7F$k. 7+7, 9Z/Hk~N:l+i1N=
LGN?0r5kH, 1U'&9BGk??1Nh&J@FJX8O/+
G-J+C?.
_ir\7/Q,7?8g$O, 1,@k$~KfYF, 1,E$~O
1Ng$N0&XN0-,.$3Hr+$@7? (3). 1N"kh^C?
eLN0-,Q,5lF$kH9kH, 3Nh&J9Z/Hk~N:lN
6kq$O, wYKgN]K1N}L.Y,GbG, wYK.N]K1N
D%.Y,GbG"kHra5lk. 1U'&9BGk??1GO, 1,
D%7DD"k~K, 1N=L9Y,b$H$&-A,"C?,, _i?
GO=NUKJCF$k. 3N3HO, 9$V@FJb@,@ilJ$^
^Ka.F-?.
_i?Qw1ND%}LH@k5NQ0KD$FN, a/Nb@O, ?
H(P^</&i$IJMark J. ReidKiN@8GNk3H,G-k (14).
`iNb@O!Nh&KJk. 1N>B,Gb.5$~KO, 1Ng$O
b9GfS*)@G"j, 1NbtNfS*b9NeL+i|M5lkw
,Q,5lk. 1,D%7F1N=LN9Y,<,j, A?sH@G,k
g7Fl@=A?s,A.5lkH, 1NjP*K0&Nc9NeL+i
|M5lkw,Q,5lk.
8g$NQ,kLr, i$IiNb@HHi7go;kH, 1,D%7
31kV, wYO:/7, d,Fl@=A?sGQ,5lF$?eLO)
Y,c<7F)@KJj, =Nb&Nhjb9NeL+i|M5lkw,
+(F/kH, wY,}C9kHraG-k.4.2 g-5NQ0r,k

Q,;QNJbKhj, olol+iNw%, 500w/JbK"kh&
J_i?Qw1Ng-5NQ0r, g>s@rxQ7F,j9k3H,a
/D=HJCF-?.
_i?Qw1O~|,t4|b"kNG, =NQwK<&>BNQ0r
,j9k?aKO, 9|VNQ,,,WHJk. GaXsj<&&CIi
UJHenry C. Woodru�K?AO, Oo$N1C/ >s@rHQ7, 8/
VKo?CF9Z/Hk,M?NC'r(9_B*_/msJ_iK1,
bRB R1, +7*ZdB R1, $XBW1, 18/$XBN R1JI
r3DWGQ,7?,, @k$~O>B,.5/, E$H-O>B,g-11



$H$&rN'7F$k (15).
_i?1Nlg, b&+i, b9G,R,J$X+i, 0&XH9Y,c
/JkKDlF,Rr-YK^`h&KJj, d,FuvKJCF, |M
,+3K0&KPF/kh&K"k. 3NI3r=LH9k+G"k,,
=3+iP/9k|MN>,xY,1N0&^GPF/kh&JH3mr

=LH9kN,, $NH|MHNX8rM(FEvG"m&.
_B*_/ms1GOGbD%7?]KO>BO@[N 300\r6(,
}L7?]KO@[N 200\a/^GL`. ?Q>BO@[N 270\xY
G"k. >BK.KfYF>BKgN]O, 1.2\[IKU/i`. 3lK
P7F, DkwG+(k1Ng-5O, 1,GbD%7?~KO, 1N>B
N 2\KbJk.Me?N_i?1KD$FO, 1,Gb}L7?~|K1N|M,Gb
//, 1,GbD%7?~|K1N|M,Gbe/Jk. 7+7, 9Z/
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