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Abstrac t . T h e radi i of 9 long-per iod Cepheids have been de te rmined by m e a n s of the modif icated 
Wessel ink m e t h o d a n d s o m e general conclus ions have been fo rmula ted . T h e re la t ions R — P a n d 
Fv — Mv for s ta rs recognized a s fundamenta l a n d first ove r tone pu l sa to r s h a v e been established. 

T h e d e t e r m i n a t i o n o f s te l la r fluxes Fv in t h e V sys tem, r e l a t i ng t o t h e so la r flux Fv 

m a y be based o n t h e f u n d a m e n t a l r e l a t i on : 

l o g W o = - 0 . 4 ( M „ - M , 0 ) - 2 logR/RQ (1) 

In o r d e r t o use th i s r e l a t i on for l ong -pe r iod C e p h e i d s we s h o u l d secure t he co r rec t 
va lues of the i r rad i i . I n th i s case t hey a r e m o r e essent ia l t h a n t h e a b s o l u t e m a g n i t u d e s 
Mv because of t h e coefficients 0.4 a n d 2 respect ively . T h e rad i i o f p u l s a t i n g s tars a r e 
usua l ly c o m p u t e d w i t h t h e well k n o w n Wesse l i nk m e t h o d , w h i c h h a s been app l i ed 
in o u r c o n s i d e r a t i o n s b u t w i t h s o m e modi f i ca t ions . T h e p r o p o s e d a l t e r a t i o n s s h o u l d 
faci l i ta te t h e p rac t i ca l use of th i s m e t h o d a n d s h o u l d increase t h e accu racy of t h e 
resu l t s . 

I n t h e Wesse l ink m e t h o d we t ry t o s e p a r a t e t w o fac to rs a c t i n g s i m u l t a n e o u s l y a n d 
def ining t h e obse rved c h a n g e s o f s t a r m a g n i t u d e : t h e c h a n g e s o f fluxes a n d of radi i 

AV = - 5 l o g ( l + AR/R) - 2.5 A\ogFv, (2) 

w h e r e AR is t h e d i s p l a c e m e n t r e su l t ing f r o m the i n t e g r a t i o n of t h e r ad i a l veloci t ies . 
I n p rac t i ce the c o m p o n e n t 5 l o g ( l +AR/R) is m o s t f r equen t ly r ep l aced by a m o r e c o n ­
ven ien t b u t on ly a p p r o x i m a t i v e l y equ iva l en t va lue 2A1(AR/R). 

B u t we m a y p r o c e e d in t h e fo l lowing way . Le t u s fix t h a t Rmax d e n o t e s t h e m a x i m u m 
of t h e r ad iu s , wh ich for t h e C e p h e i d s o c c u r n e a r t h e p h a s e s 0 .3 -0 .4 a n d is r a t h e r flat. 
N o w we i n t r o d u c e t h e c o r r e c t i n g fac to r c in o r d e r t o get t h e exac t equa l i t y 

5 l o g ( l + AR/RmM) = 2 . 1 7 ( z l K / J R m a x ) - c . (3) 

T h e va lue c d e p e n d s in sma l l deg ree o n ARjRmn: 

AR/Rm*x c 

0.00 1.000 
- 0 . 0 5 1.028 
- 0 . 1 0 1.055 
- 0 . 1 5 1.084 
- 0 . 2 0 1.116 

a n d c a n be c o m p u t e d even by a p p l y i n g a n a p p r o x i m a t e va lue of j R m a x . T h e E q u a t i o n 
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(3) c a n be t r a n s f o r m e d a s : 

5 l o g ( l + AR/Rmax) = Nr, (4) 

w h e r e N=2A7/Rmax d e t e r m i n e s t h e m a x i m u m va lue o f t h e r a d i u s , a n d t h e 'rectified 
d i s p l a c e m e n t ' r : 

a s su res t h e exac t p r o p o r t i o n a l i t y t o t h e p h o t o m e t r i c effects expressed in t h e m a g n i t u d e 
scale. 

By th i s m e t h o d we h a v e for e a c h p h a s e t h r ee va lues d e t e r m i n i n g t h e s ta te of a s t a r : 
V, (B— V\ a n d r. T h e f a r the r p r o c e d u r e c a n be c o n t i n u e d in t w o w a y s : g raph ica l ly 
o r numer ica l ly . 

A c c o r d i n g t o Wesse l i nk a s s u m p t i o n for t w o p h a s e s wi th equa l (B— V) o r for 
A{B- K ) = 0, we h a v e a l so t h e s a m e va lues of Fv o r A \ogFv = Q. So t h e E q u a t i o n (2) 
is r educed t o 

o r N = -AV/Ar; o r Rmax = - 2A7 (Ar/AV). 

Le t u s d r a w t w o g r a p h s w i th t h e c o m m o n axis (B- V), F i g u r e 1. Pe rpend i cu l a r l y 
a r e V axis u p w a r d s a n d r axis d o w n w a r d s . By m e a n s o f t h e va lues K, (B- V\ a n d r 

r = ARc (5) 

1. G raph i ca l M e t h o d 

AV = - NAr (6) 

v. 

Fig. 1. Graph i ca l m e t h o d of N a n d Rm&x de te rmina t ion . 
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w e t r ace t w o l o o p s desc r ibed by s t a r d u r i n g o n e p e r i o d . E a c h l ine p e r p e n d i c u l a r t o 
t h e (B— V) axis a n d c u t t i n g b o t h l o o p s passes t h r o u g h t h e p o i n t s w i t h e q u a l (B— V). 
S o t h e sec t ions o f t he l o o p s A F a n d Ar c a n be used a s t h e va lues n e e d e d in t h e f o r m u l a 
(6) . B u t e ach such a c u t t i n g h a s th i s p r o p e r t y . S o it fo l lows t h a t N c a n b e ca lcu la ted a s 

b 

J AVd(B- V) 

N = - - b , (7) 

j Ard(B-V) 
a 

w h e r e the i n t eg ra t i on inc ludes t h e w h o l e r a n g e of (B— V) c h a n g e s . I n p rac t i ce th is 
i n t eg ra t i on can s imply be execu ted by m e a s u r i n g t h e surfaces o f t h e l o o p s Pv a n d Pr. 

N = PJPr; Rmax = 2A7Pr/Pv (8) 

2. N u m e r i c a l M e t h o d 

I n th i s m e t h o d we c h a n g e t h e W e s s e l i n k b a s i n g a s s u m p t i o n a n d e n l a r g e t h e r a n g e 
of i ts app l icab i l i ty by i n t r o d u c i n g t h e coefficient k so t h a t 

- 2 . 5 A log Fv = kA{B-V). (9) 

T h e coefficient k is r e g a r d e d as a c o n s t a n t o r as a m e a n v a l u e in t h e case , w h e n it 
d e p e n d s on the phase s u sed in t h e f o r m u l a (9). I n t e r m s of fluxes t h e W e s s e l i n k a s s u m p ­
t i o n : A \ogFv = 0, w h e n A (B- V) = 0 is equ iva len t t o t h e s t a t e m e n t t h a t Fv is a m o n o -
t o n i c func t ion of FB, b u t n o t of t h e s h a p e FV = AFB, w i th c o n s t a n t A. I n th i s last case 
we w o u l d have c o n s t a n t (B— V) a n d it w o u l d n o t be poss ib le t o s e p a r a t e p h o t o m e t r i ­
ca l ly t he changes of fluxes f r o m t h e c h a n g e s of r ad iu s . W h e r e a s a c c o r d i n g to t he as ­
s u m p t i o n (9) w e h a v e 

Fv = AFa

B; a ± \ \ k = - — . (10) 
1 - a 

T h i s f o r m u l a w i t h t w o p a r a m e t e r s A a n d a can r ep resen t , a t least in a p p r o x i m a t i o n , a 
r a t h e r large class o f rea l r e l a t i o n s b e t w e e n b o t h k i n d s o f fluxes in t h e r a n g e of c h a n g e s 
o c c u r i n g d u r i n g t h e s t a r p u l s a t i o n . T h o u g h it is t o b e r e m a r k e d t h a t in rea l i ty t h e 
fluxes a s t h e func t ions o f m a n y a t m o s p h e r i c p a r a m e t e r s - m o d e l , t e m p e r a t u r e , g rav i ty -
c a n n o t be c o n n e c t e d b y o n l y o n e func t ion d u r i n g t h e w h o l e p e r i o d . 

By m e a n s o f t h e f o r m u l a s (4) a n d (9) t h e E q u a t i o n (2) ga in s t h e s imple s h a p e : 

AV = — NAr + kA(B — V). (11) 

T h i s type o f r e l a t i on w a s u sed b y O p o l s k i a n d K r a w i e c k a (1956) a n d by L a t y s h e v 

(1964). T h e differences A V, Ar, a n d A (B— V) c a n be ca l cu l a t ed for e a c h free c h o s e n 

p a i r o f phases . B u t in o r d e r t o dec r ea se t h e influence o f t he o b s e r v a t i o n a l e r ro r s , it 

s eems t o b e a d v a n t a g e o u s t o ca lcu la t e first t h e m e a n va lues V, r a n d (B— V), a n d 
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t h e n t o use t he differences b e t w e e n t h e ind iv idua l va lues a n d the i r m e a n : A V= V— V; 

Ar = r — r; A (B— V) = (B— V) — (B— V). So we c a n f o r m t h e sys tem of t h e E q u a t i o n s 

(11) wi th t w o u n k n o w n TV a n d k. T a k i n g i n t o c o n s i d e r a t i o n t h e fact t h a t A(B— V) 

a r e less a c c u r a t e t h a n A V, w e ' c a n so lve th is sys tem in t h e f o r m 

x I N 
(B-V) = -V + - A r . (12) 

T h e ind iv idua l va lues V, B— V a n d r s h o u l d be su i t ab ly d i s t r i bu t ed o n the l ight- , 
c o l o u r - a n d d i sp l acemen t - cu rves . By th is m e t h o d we c a n get for e a c h C e p h e i d t w o 
cha rac te r i s t i c q u a n t i t i e s : N- def in ing t h e r a d i u s o f t h e s t a r a n d k - w h i c h is a m e a s u r e 
o f t h e r e l a t ion be tween t h e fluxes Fv a n d FB. A l s o t h e a c c u r a c y of t h e va lues N a n d k 
c a n be ca lcu la t ed by s t a n d a r d m e t h o d s . 

W e r e m a r k stil l , t h a t t h e coefficient k m a y be o b t a i n e d sepa ra t e ly by t h e g raph ica l 
m e t h o d ana log ica l ly t o t h e N d e t e r m i n a t i o n . F o r t w o p h a s e s w i t h Ar=0 we have 
A V—k A(B—V) a n d t h e surface o f t w o loops o n t h e p l a n e s in t h e c o o r d i n a t e sys tems 
V, r a n d (B— V), r d e t e r m i n e t h e coefficient k. 

A s a n e x a m p l e of t h e a p p l i c a t i o n of t he a b o v e desc r ibed m e t h o d s we p resen t in 
T a b l e I t he resul ts o b t a i n e d for 9 C e p h e i d s . G e n e r a l r e m a r k s w h i c h c a n be d e d u c e d 
f r o m these resul ts a r e a s fo l lows : 

(1) T h e r e a r e n o sys t ema t i c differences be tween N va lues o b t a i n e d b y g r a p h i c a l a n d 
n u m e r i c a l m e t h o d s . B u t in T a b l e I t h e resul ts received by n u m e r i c a l m e t h o d s a re given. 

T A B L E I 

Rad i i a n d fluxes of Cepheids 

S t a r logP <Mj / > i n t SP l 0 g / ? m a x log /* log -• « ) 
rj Aq l 0.855 - 3 . 9 F 8.8 7.68 7.66 - 0 . 2 2 - 0 . 1 8 
W Sgr 0.880 - 4 . 0 F 7.7 7.69 7.67 - 0 . 1 9 - 0 . 2 1 
S S g e 0.923 - 4 . 1 F 8.7 7.75 7.73 - 0 . 2 6 - 0 . 2 2 
0Dor 0.993 - 4 . 3 F 8.1 7.79 7.77 - 0 . 2 7 - 0 . 2 7 
C G e m 1.007 - 4 . 3 F 9.0 7.79 7.78 - 0 . 2 7 - 0 . 2 2 
X C y g 1.215 - 4 . 8 G O . O 8.03 8.00 - 0 . 5 6 - 0 . 4 6 
T M o n 1.432 - 5 . 5 G 1.1 8.14 8.10 - 0 . 5 0 - 0 . 3 4 
I C a r 1.551 - 5 . 9 F 9.1 8.18 8.15 - 0 . 4 2 - 0 . 3 6 
SV Vul 1.655 - 6 . 1 G 2.1 8.40 8.36 - 0 . 7 7 - 0 . 5 7 

(2) W h e n we t ry t o i m p r o v e t h e a c c u r a c y o f N a n d k b y shif t ing t h e phase s o f t h e 
' rectif ied d i s p l a c e m e n t ' r, a s i t w a s sugges ted by F e r n i e a n d H u b e (1967), it a p p e a r s 
t h a t t h e smal les t e r r o r s of N a n d k o c c u r e s a t t h e d i m i n i s h i n g of t h e p h a s e s r ( an d AR) 
b y a b o u t 0 f05 . T h i s is p a r t i c u l a r l y essent ia l n e a r t h e p h a s e s of s h a r p m i n i m u m of t he 
r a d i u s . F r o m the p h o t o m e t r i c d a t a w e s h o u l d fix Rmin in t h e p h a s e s n e a r 0 .87, whe rea s 
f r o m t h e rad ia l veloci t ies Rmin a p p e a r s la ter , a t t he p h a s e s 0.92. T h i s c a n b e exp la ined 
as d u e t o t he fact t h a t , af ter c o m m o n fall ing d o w n of t h e w h o l e a t m o s p h e r e , t he 
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m o v e m e n t u p w a r d s beg ins first in t h e p h o t o s p h e r i c layer , r e spons ib l e for t h e r a d i a t i o n 
m e a s u r e d in t h e B a n d V sys t ems , a n d t h e n 0?05 la ter , in t h e u p p e r l ayers of t h e a t m o ­
sphe re , w h e r e t h e n a r r o w a b s o r p t i o n l ines used for r a d i a l ve loc i ty d e t e r m i n a t i o n a r e 
fo rmed . T h i s m a y b e c o n n e c t e d w i t h t h e emiss ion effects o b s e r v e d in s o m e l ines a t 
these phases . S imi la r c o n c l u s i o n is t o be f o u n d in t h e p a p e r by L a t y s h e v (1964). 

(3) T h e best a c c u r a c y o f t h e resu l t s ga ined by su i t ab le d i m i n i s h i n g of r phases is 
j o i n t wi th t he smal les t va lue o f N a n d c o n s e q u e n t l y w i t h t h e g rea tes t va lue of Rmax. 
T h e m e a n va lues R = Rmax — (^ a m p l i t u d e of AR) g iven in T a b l e I, for l ong-pe r iod 
C e p h e i d s a r e sys temat ica l ly g r e a t e r t h a n va lues given b y F e r n i e (1968). F o l l o w i n g 
F e r n i e ' s c o n s i d e r a t i o n s w e c a n es tab l i sh t h e p e r i o d - r a d i u s r e l a t i o n w i t h t h e d iv is ion 
o n t h e f u n d a m e n t a l a n d first o v e r t o n e p u l s a t o r s , F i g u r e 2. F r o m t h e inves t iga ted 

i i i i r 

1 1 1 1 1 1—-i 1 i i l l * * 
0.8 i.0 1.2 1.4 1.6 I c j P 

Fig. 2. Rad ius -per iod re la t ions for fundamenta l a n d first ove r tone pulsa tors . 

s ta r s on ly X C y g a n d SV Vul c a n be r ega rded as p u l s a t i n g in t h e first ove r tone . F o r 
f u n d a m e n t a l p u l s a t o r s we h a v e t h e r e l a t ion : 

log R = 0 .904 log P + 6 . 8 8 . (13) 

F r o m the s e p a r a t i o n o f t w o l ines we can e s t i m a t e t h e r a t i o o f t h e p e r i o d s P1/Pf a s 
a b o u t 0.7. 

T h e va lues o f Rm.ax h a v e b e e n a p p l i e d in t h e f o r m u l a (1) i n o r d e r t o ca lcu la te t h e 
re la t ive fluxes for C e p h e i d s u n d e r c o n s i d e r a t i o n . A s t h e a b s o l u t e m a g n i t u d e s t h e 
va lues < M y > i n t g iven by F e r n i e a n d H u b e (1968) h a v e been a c c e p t e d , T a b l e I. W e can 
expec t t h a t for a h o m o g e n e o u s g r o u p of s ta rs t h e fluxes d e p e n d chiefly o n the a b s o l u t e 
m a g n i t u d e a n d o n t h e spec t ra l t ype . T o r e m o v e t h e s econd d e p e n d e n c e a co r r ec t ion 
for t he differences o f spec t ra l t ypes ASp h ave been u s e d : 

A l o g F , = - 0 . 0 5 J S p , (14) 
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- 0 6 h 

- 0 2 

-0 .4 

Fig . 3. Relat ive fluxes-absolute magn i tudes relat ions for fundamenta l a n d first o v e r t o n e pu l sa to r s . 

w h e r e ASp is expressed in t h e t e n t h of spec t ra l class . T h i s f o r m u l a resu l t s f rom t h e 
r e l a t i o n (B— K)-surface b r i gh tne s s g iven by P a r s o n s a n d B o u w (1971) a n d f rom the 
r e l a t i on (B— K)-spec t ra l t ype . I n th i s w a y we go t t h e fluxes r e d u c e d t o t h e m e a n spec­
t r a l t y p e F 8 . T h e d e p e n d a n c e o f t hese va lues o n the a b s o l u t e m a g n i t u d e s is s h o w n in 
F i g u r e 3. A g a i n we can o b s e r v e t w o re la t ions . F o r 7 s ta r s r ecogn ized a s f u n d a m e n t a l 
p u l s a t o r s we h a v e 

F o r t h e first o v e r t o n e p u l s a t o r s t h e va lues of \ogFJFvQ a r e smal le r by 0.15. These 
fluxes c o n c e r n t he s ta te w h e n t h e s t a r in t he grea tes t ex t ens ion r eaches t h e m e a n m a g ­
n i t u d e . 
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