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13 =_N.0Qw1,` 131 O8aK

Qw1H$&H, sDN1,&LNE4N~jrx>7F$F, )r/
393HKhCF@k5,Qok)Qw1,h/NilF$k. 3lKP
7F.0Qw1HFPlk1O, 1,}LD%r+jV7, =NkL@k
5,Qok. 1NbtN=$HX87FQw,/-k?a, QwN~|H
1N', >BJIHNVKX8,"j, =lrxQ7F1Nbt=$N&
fKr)D.
.0Qw1,CKm\5l?NO, ~|H?NwYHNVKX8,"C
F, =lrxQ9lP0Q,L,xQG-J$h&Js}K"k7NNw
%raak3H,G-k+iG"C?.
O<m<&7cWl<JHarlow ShapleyK,Qw1N.0br'(?N
O, 1914/G"j, =l+iVbJ/ 100/KJk. v~INh&Jdj
,"j, 7cWl<N.0bOINh&JbNG"C?N+r6jVCF
+k3HO, .0Qw1N}rr<akeGrK)DHWolkNG, v
~N8%r6jVCF, =N"?jNvpr+F_?$.2 Qw1N/+

11N@k5,~|*KQokcH7F, bCHb+vJNO_iJ_
B*_/ms1KG"m&. bCHb@k/JC?~O, ycG 2y1H
7F+(k,, E/JkHycGO+(J/Jj, 10.1y^G<,kH}
J/=JIKO-7F"k. B]KO, GgwYbG.wYb, hs18
GOJ$,, **`M3Nh&Jg-JwYN9,Q,5lk. Qw1G
bCHb@k/JC?lgNwYH, bCHbE/JC?lgNwYN9
r, 6}JamplitudeKHFV. _iNlg, 6}Os 8yG"k.
Qw1KO, @k5NQ=,fS*,'57/+jV5lkbNH, ,
'-r+D1kN,$qJbNH,"k. ,'-,^C?/N'5lF
$J$Qw1rT,'Qw1H7F^Hak3H,"k,, \vKT,'
JN+, ,'-,+D+CF$J$@1JN+O, #eN&fKTD[+
J$.
_iN@k5,Qok3Hr/+7?NO, @t#I&U!Vj-&
9JDavid Fabri
iusKG, 1596/N3HG"kH5lF$k. B]KO,
U!Vj-&9O, 3N1N@k5NQ=KmUrOiC?NG"k,,@
k5NQ=N-Ar-AsHN'7?NO, hOs&[kok@JJohan2



HolwardaKG"k. [kok@O, 3N1,s 11+n4HKbCHb@
k$uVKJk3HrN+a, 1638/K=lr/=7F$k. 3Nh&K,
1N@k5,, bCHb@k$uV+iFS=Nh&J@k$uVKak
^GN~Vr~|JperiodKH$&.3 "k4kNQw

_iOGiKN'5l?Qw1G"k,, =NQw!=Nr@OFWG
OJ/, $^@KlgHNVG&f,31ilF$k. 3lKP7F, 2V
\K/+5l?Qw1"k4kKD$FO, a$~|K=N!=,r@5
l?.
"k4kJZk;&9BY<?1K,Qw1G"k3HO, 2_K"N&
bs?JjJGeminiano MontanariKKhCF 1669/K/+5l?. 3
N1OLoO@k5,[\ 2.1yG"k,, 3|hjdd;$~VVVG
E/Jj, =N~O 3.4y^G<,k.
"k4k,[\ljN~Vr*$FE/Jk3HKGiK$U$?N

O, 8gs&0CIjC/JJohn Goodri
keKG"k. `O, *,93(
:, @UrC93H,G-J$H$&yN*c2rXiCF$?,, ,>
O@rG, 7NQ,KhjHs@. `,aa? 2| 20~V 45,H$&~
|O, =NeNQ,Gb[\5NG"k3H,N+ailF$k. `,3
N/+r7?NO 1780/eNiaG, 20PKJk0N3HG"k.
"k4kNQwNh&9O, _iJIHfYkH,'*G"kN,C'
G, LoO@k$uV,3-, ljN~|G;~VE/Jk. 3Nh&9r
Q!7?0CIjC/O, "k4k,E/JkNO, 1=NbN,E/J
kNGOJ/, LJ7N,=N0r#Zk+iGOJ$+HM(?. :w
,~|*G"k3H+i, 0CIjC/O, "k4kra0kG1,"C
F, =NG1,"k4kNj0Kh?~K"k4kNwNlt,Wil,
=l,~|*J:wrb?i9H$&!=K$U$?.
v~K"CFM(F_kH, Z1NR1,Z1N0rLa9kh&9O,17$*iaK,jl*&,jl$JGalileo GalileiKKhCF/+5lF
$?. 0CIjC/O>s@GB]K=lrQ,7F$?G"m&. Z1
NR1,bCHg-1lP, Z1NwOhj?/WilF, E/+(k+b
NlJ$H$&"$G",b+s@H7FbTWDGOJ$. 0CIjC
/NbO, v~NM9KHCF=,u1~lk3H,G-kbNG"C?.
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4 0CIjC/NbNBZ

0CIjC/NbO?/N&fTKhCF'ailF$?,, b71N
?0r:)K,j9k3H,G-, "k4k\Nr#9VR1JsatelliteKW
N0-rN+ak3H,G-lP, QwN6x,N'5l?3HKJk.
B]KO, "k4kO 93w/N`}K"j,VR1WNQb>s@G+(
J$NG, INh&K7F3NbrBZ9k+O, 9$V,+iJ+C?.19$*Ne>KJCF, 1Nwr,wWG,O9k3H,G-kh&K
JC?3H+i, 0CIjC/NbN!Z,D=KJC?. 1+iNwr
,wWrL7, =3K=lkE~J9Z/Hk~KNLVr+kH, B3
<KV$F"k1MJ$N,(9E~H?/N:l,"k. w;,Q,T
+is6+CF$klgKH9,9/JjJV$}K:lkK, UKVV
,L^CF$klgKH9,;/JkJD$}K:lkK,, 3lrIC
Wi<zLH$&. 0CIjC/Nb,571lP, ICWi<zLKh
k1N9Z/Hk~N:l,Q,5lkO:G"k.1889/KXk^s&U)<2kJHerman VogelKO, "k4kN9Z
/Hk~N:lN,jK.y7? (1). =NkLO, \K+(J$VR1W
,"k4kNwYK.N]KO@k$1Nj0KhF*j, 3NVR1W
,d,F@k$1N~3&&K\07F$/H, "k4kN@k5ObH
Kak3Hr(9bNG"C?.
+(F$k"k4k,=N0;er0/.YO, hC 88-ma<HkH
dj5l, 3NMrQ$F, +(F$k"k4kN>B, 170|-ma<
HkG@[N>BN 1.2\,+(F$J$VR1WN>BO 132|-ma<
HkG@[N>BN 0.95\G"kH$&kL,@il?. 1N0;?0
NOX+i, =l>lN1NALO, @[N 0.44\H 0.22\G"kH$
&3HKJk. 3liNMO, =_^GN&fG@il?bNHOdd[
JCF$k,, 100w/a$s}K"k1Ng-5HALHr, *}XN
!'rQ$Fdj9k3HK.y7?H$&@GO, ^5Kh|*J.y
H$(kbNG"C?. 3N.yrMK}K, "k4k?NQw1Ng-
5dALrdj9k&f,!9HJail, 11N&fNe`Otv*K
~e7?.
3Nh&K 2DN1,&LE4N~jrx>7F$kkLH7F, ol
ol+i+k@k5,Qok1r, )"1J"k$O)Qw1KH$&.5 1U'&9BGk?1N,wQ,

"k4kK`w9kQw1N&f,J`fG, =l^G\)?J+C?
WBY<?1H1U'&9BGk?1H,m\raSkh&KJC?. 34



liN1O, @k5,ljK_^kH$&3H,J$,, ~|Ohs=l
[IcoJ$H$&C',"k. =_KJCF+kH, WBY<?1O)
KhCF@k5,Qok1G"j, 1U'&9BGk?1O1Kb_9k
*}*}3KhCFQw9kNG, =NQwN6xO,\*K[JCF$
k3H,,+CF$k. 7+7, 19$*v+i 20$*iaK+1FO, 3
Nh&J3HO^C?/NilF$J+C?.19$*v+i 20$*iaK+1F, FqNQw1&fNX3TG"C
?(Io<I&T+js0JEdward Pi
keringKO, 1881/KQqN(o
KG\7?@8G, 3N?N1H7F, lQCBT1, PRB<<?1, W
BY<?1, o7B(<?1, 1U'&9BGk?1N 5DrcKs2F
$k (2). 3N 5DN&AWBY<?1J0O9YF, #|GO.0Qw1
H7FNilF$k.
1U'&9BGk?1O, 0CIjC/, 1784/KQwr/+7?1
G, @k5O 3.48y+i 4.37yNOOGQ=7, ~|Os 5.37|G"k.
3N1N9Z/Hk~N:lN,jK.y7?NO, "j9?k/&Ym
]k9-JAristar
h BelopolskiKG, 1894/N3HG"k (3). v~N7
8XN(oKO, 1U'&9BGk?1N0;?0,N'5l, E$<1
J
ompanionK,@k$1r#93HKhCFQw,/-F$kH7Fh
+m&H$&-v,G\5lF$k. 3N"KJkHJ0HO[JCF,
QwN6xHJkE$1r, VR1WGJ/, #|Nh&K<1HFVh
&KJCF$k. )r/397N,, @[K$(9kh&Jg-5G"k
3H,,+j, R1H$&==rr1kh&KJC?NG"m&.6 1U'&9B?, PRB?NQw1Nf
1U'&9BGk?1dPRB<<?1JIr,"k4kHhL7F,1
U'&9B?JCepheidsK*hSPRB?JGeminidsKHFVh&sF7
?NO, v~w-78XTH7FNilF$?"0M9&/i</JAgnesClerkeKG, 1903/N3HG"k (4). 3N,`>O, 1U'&9BGk?
1HPRB<<?1Hr=l>lN0k<WNe=H7F>U1il?b

NG, &L@O@k5,d(:Q=7F$kH$&3HG"C?. @k5
,d(:Q=7F$kH$&@@1+lP, ~|N9$_iJIb=&G
"k,, /i</O~|, 10|K~?J$H$&Hr]1F, _iJIr
|07F$k. "k4kK-ANa$1KBCFhje2FdjK7h&
H$&U^G"C?m&.
1U'&9B?O, wYK.+iwYKgXH}w9k]NwYQ=,
^c@H$&C'Ke\7Fhje2il, PRB?OwYK.,z-3
/ 2sNwYKgN[\fVK/3kH$&C'Ke\7Fhje2il5



F$?. 7+7, 3Nh,KD$FO, "^jU#,J$H$&U+b"C
F, VbJ/>TrhL;:1U'&9B?Qw1HFVh&KJC?.
1U'&9B?Qw1N3Hr, o,qGO1U'&9?Qw1HFV
3H,"j, ^?, QlN/;;U'$IKxsG+;U!$IHbFPl
F$k. 1B>N]uH7FO, 1U'&9B,-/u1~lilF$k
NG, ?>NPa+iM(kH, 1U'$IH$&FS>,bCHb+3
HWolkNG, 3NFGOJe1U'$IH=-9k. I_JsG$?
@1lP*,+j$?@1kHW&,, v~N1U'$IH$&>GFP
lF$?Qw1H, #|1U'&9BGk?1?Qw1HO18GOJ$.1913/KQqN78X(oK, v~N78XGbCHb=#N"kdj
H7F1U'$IQw1,hje2ilF$k (5). 33Ghje2il
F$k1O, 1U'&9BGk?1, o7B(<?1, 5wBW1, n0
QB R1, .g7cB RT1, X/B Y1JIG"k. 9Z/Hk~N:
lO, =3GO0;?0K3h9kbNH7F}r5lF$k.
djO, 3liN1GO, 1,@k$~K, bCHbb.GololN}
XaE$F*j, 1,E$~K, bCHbb.Golol+is6+CF
$kH$&3HG"C?. 3N3HKGiK$U$?NO, +<k&7e
t!kD7kIJKarl S
hwarzs
hildKG"k (6). v~`O&#<sN
nK"k78fKPaF$?. NAK}@*}XN,nG>rD7?+<
k&7et!kD7kIG"k,, c$~|K7NQ,N:Y~eN&f
KhjHsG*j, 1U'$IKD$FN3NEWJ/+b=N"NbN
G"k.
9Z/HkN:lN3Nh&J-AO, E$7N,"CF, =N1HN
&LE4N~jrx>7F$kH9kH, E$7N,@k$1Nj0Kh
kNOwY,:/7DD"k~G"j, wY,G.KJCF@k/JjD
D"k~K, E$7NO@k$1N~3&&K"kH$&3Hr(7F$
k. 3lO, "k4kNlgHO1NLVX8, 90YJ4,N 1s>K:
lF$k. 1U'$IQw1NwYQ=N6xOE$7N,@k$1r#
93HKhkNGOJ$H, /GbN.9kG"m&H, 3N-vN.T
Oq$F$k.
)KhkQwGJ$H9lP, ?,1U'$INQwN6xJNG"m
&+. ,.b, ?Mb, q3*AbJI,sF5l?,, $:lbM9r~
-5;kbNGOJ+C?.7 7cWl<N.0b

7cWl<,1U'$INQwr1N.0Gb@G-kH$&@8r/

=7?NO 1914/G"k (7). 6



7cWl<N@8O, =N"eu1DNfGt4D/+5l?~| 1|
J<NQw1r, 1U'$IK^^;FM(Fh$H$&g%+iO^C
F$k. wYQ=Nh&9d~|+i, 1DNfNQw1H1lN0k<
WK,`5lF$?WBRR1OwY, 7.1y+i 8.1yNOOGQw7
F$kNG, v~9Z/Hk~N:lN,j,TolF$?. =NkLO,
~|,t|xYN1U'$IH1MJC'r(7F$?. 3&7?~|N
;$1b^aFM(k3HO, hj?/NQ,`ArxQG-k3HKD
J,C?.
7cWl<,^:djH7?NO, 1U'$INQw,+JjT,'G
"kH$&vBG"C?. z-3/?5$/kbNQwrQ3*KQ,G
-k~|, 1|J<NQw1+i@il?kLO, hs~|,/7ED[
JCF$?. 7cWl<O, 1U'$I,b&RHDN7NHz-gCF,
&LE4N~jrx>7F$kH$&M(H, 3Nh&J~|NT,'J
Q0H$&vBr>)5;k3HOq7$HM(?.
h 2NdjH7Fs2il?NO, 1U'$INwYQ=,5$/k4
HKljGJ$3Hr, )"1bGOINh&Kb@9k+H$&3HG
"C?. GgwY,5$/k4HK[JC?jcb"j, 3&7?QwN
PiD-r, Q,roN9KhkH7F7^&NGOJ/, vBH7Fu
1~lh&H$&N,, 7cWl<NM(G"C?.
h 3NdjO, 1U'$IN'H9Z/Hk?,, @k5NQ=K<CF
Qok3HrI&b@9k+H$&3HG"C?. 1900/"+i, 1U'
$IN',D$~|H, @k/+(k~|H,lW9kH$&-A,"k
3H,Q,G,+CF-F*j, ^?, 9Z/Hk?b@k$~Kb9J
?KJk3H,N+ail$?. hN/i</N^HaGO, 9Z/Hk
?OQoiJ$H5lF$?,, \7$Q,,Tolkh&KJj, 3N
h&JQ=,/+5l?NG"k.
7cWl<OJeNh&Jdjrrh9k?aKO, 2DN1,&LE
4N~jrx>7F$kH$&brNF, 1DN1,.0JpulsationK7
F$k3HKhjQw,/-F$kHM(lPh$Hg%7?. 33G.
0HO, 1NNQNQ0G"j, =lK<&1N=LN?0Khj9Z/
HkN:l,88F$kH9k. 9Z/HkN:l,, 1N=L,0~-
KbCHb./0$F$k3H(7F$k~K, 1N@k5,GgKJk
H$&3H+i, @k5NQ=O1Nbt+i~|*Kb9$N,.P7
F/k3HK/x9kHM(il?. = 1K7cWl<N.0bNW@r
(9.
7cWl<N1U'$IO, #|N,`G$&H, 1U'&9BGk?
?, WBRR?, 5wBW?r^sG*j, 1U'&9BY<??b1U'
$IG"m&H5lF$k. #|.01H7F7olF$kQw1N&A,7



= 1: )"1H.01HNc$J7cWl<NM(K
)"1 .01

@k5NQ= l}N1,>N1N

wrWk

1Nb&+iNb9

$NN.P

9Z/HkN:l 1Nx>?0r(9 1ND%}L?0r

(9

QwN~| 1Nx>?0N~| 1ND%}L?0N

~|

_i?JIO^^lF$J$.8 .01N~|)YX8

7cWl<N@8Ngt,O, t?/NQ,kLKD$FND@G"k
,, GeK}@*JdjK(lF$k. }@NdjK<~j9k3HO, 3
NN<HNU^9kH3mGOJ$NG, k@@1q/H, $Ne,4/.
5J6}GD%}Lr+jV9lg, =N0-,~|*G"kH$&ro
rD1kH, tStSN~|ND%}L?07+/-J$H$&-A,"
k. 3liNtStSN~|KP~9kD%}L?0rG-60Jproperos
illationKHFV.
3liNG-60O, =N~|N9$}+ip\b<IJfundamentalmodeK, h 1f60b<IJ�rst overtone modeK, h 2f60Jse
ondovertone modeKb<IH$&h&KFPlk. 33Gb<IVN~|Nf
O1cK 2\ 3\H$&h&KOJiJ$NG,}@GOf60JovertoneK
H$&==rQ$F$k. $NN?0G"k+i, .N\0JINFAG,
~|N9$b<IN},Q37d9$HWolk. =3G,9YFN1U'
$IOp\b<IGD%}Lr7F$kG"m&H7cWl<OM(?.
3&7?1N.0}@O, *<,9H&jC?<JAugust RitterKN&f
KO^kH5lF$k (8).
$NeNG-60Nlg, =N$NeN?Q)YHG-60N~|NV
KO, }@*JX8,"j, `wN=$r}C?$NeNlgKO, ~|
)YX8HFPlkX8,.j)D. 7cWl<O, ~|r|r1LH7,
?Q)YO@[N?Q)Yr1LH7F=9H,

~|�q?Q)Y = 0:08 (1)8



H$&X8,, ~| 0.4|+i 33|Ko?k1U'$IKD$F.j)
D3Hr(7?. &UN 0.08 H$&MO, =_N}@G'ailF$k
MHO[Jk,, v~N78XNe`KHi7F+lP, }@HQ,N+
vJlWH$CFba@GOJ+m&.
3Nh&K7F1U'$IKX9k.0b,N)7, .01H1U'$
IHO1AlNh&KQ$il?.9 .01N3DNdj@
1U'$IN.0b,u1~lil?NAK, r@5lkY-$/D+
Ndj@,DC?. =liN&AgJdjrs2kH, ~|Ndj, @k
5NQ=Ndj, .0}3-NdjG"m&.9.1 ~|

.0N~|O, 1N?Q)YHJ1K0N&UNtM,,+lPW;G
-k. 1N.0}@NbCHbg-J$3O, 3N&UNMraak3H
G"C?.
7cWl<N&fG, ?/N1U'$IKP7F&LNM,@il?N
G, 3N&UNMO.0jtJpulsation 
onstantKHFPl?. 3NM
O, 1NfN9Yd)YNh&9KhCF[JC?MrhkNG, 9YF
N.01K&LJjtr}@*Kaak3HOG-J$. =3G, 3N
&UNMO14HKhCF[JkH$&NG, .0Qia?<JpulsationparameterK"k$O.0C-Jpulsation propertyKHFV3H,}@&
fTN&+iO, d)5lF$k. GaN}@GO, 3N&UNMO, 6}
Ng-J.0GO 0.03+i 0.05/i$NM,EvH5lF$k.
}@*K3N0N&UNM,Bj5llP, 3N0rQ$FD9N.0
1N?Q)YrdjG-, Q,+i>B,,+lP, ALNOOrdjG
-k. 20$*e>, 1U'&9BGk??1NALra0CF, 9$D@
,3$?,, =_GOrh7F$k.9.2 @k5NQ=

1U'$IN@k5NQ=NwYGg, wYG.O, $:lb>B,?
Q>BKa$~K/-F$k. 1U'$IN@k5N6}O 1yixY"
j, 3lOwNLK7FWi9^$J9 50%NQ=Kjv9k. >B,[
\y7$NK3l@1N@k5NQ=,/-k?aKO, 1N=L+iN
wN|M(,Wi9^$J9 10%Q=7F$kH$&3HG"k.9



B]K9Z/Hkd'NQ=+iwN|M(rdj7, 9Z/HkN:
l+i>BNQ=raa, Q,5lkwYQ=r&^/b@G-k+I&
+,, Q,TN]jHJC?,, FWKrhG-J+C?. 1U'&9B
Gk??N1KD$FB]K~-G-kkL,@il?NO, 1961/KY
tj&*</JJ. Beverly OkeKKhCFG"k (9). 7cWl<NGiN
@8+it(F, BK 47/eN3HG"k. :)K1N@k5r,j9k
n_H, 11g$N=$KD$FN}rNJb,, 3N.LKDJ,C?.9.3 .0Ne/H}3

}@NdjH7FEWG"C?NO, .0,!?K7F9~V}39k
N+H$&3HG"C?. }@GO, D%9lP+,NE5G}L7, }
L9lP5L5l?kL5O,g-/JCFD%K>:kNG, l6.0
,O^lP, 9~VQ39k3HHJk. 7+7, B]KO.r|P9k
NG, D%d}LN*$,0N5$/khjbe/Jj, !hK6},.
5/JkG"m&. #|N+QbjGO, 1U'&9BGk??O, 60
r}35;h&H9k!=,/+J1lP, 1005$/k+i 10005$/
kxY609kVK, 6}, 3,N 1xYK:j7F7^&.
=BN1U'&9BGk??O,Bj7?.0,Q,5lF$kNO,?
i+N.0]}!=,/$F$k+iKjcJ$. =N!=O?+H$&
3H,, }@&fT?AN]jHJC?. 1U'&9BGk??N.0]
}!=,[\r@5l?NO, N<^s&Y$+<JNorman BakerKH
kIkU&-CZsO<sJRudolf KippenhahnKN@8,P? 1960/
eKJCF+iG"k (10; 11). .0N]}!=KD$FO, LJN<H
N]jH7h&.10 1U'$IN~|wYX810.1 j<t#CHN/+
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