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Fig. 18.1. (a) A rope of length 21 is fastened  at  both  ends. It is free to oscillate in the 
center. I t  has a fundamental  frequency yo  for a standing  wave with nodes  only  on  both 
ends.  (b)  The first overtone with  frequency v I  for  standing waves has  a  node in the 
center of the  rope  and  the  maximum  amplitude at distance d = ) I  from  the walls. (c)  The 
second  overtone  mode  for  standing waves has  two  nodes  at distance d = $1 from  the 
walls and  maximum  amplitude in the  center  and at distance d = il from  the walls. 
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Figure 1. Distribution of some observed pulsating  variable stars 
(dots) on the HR diagram. For convenience some guiding lines from 
stellar evolution are included. The heavy  line passing from upper left 
to lower right shows the ZAMS. Evolutionary paths for some stellar 
masses, labeled at the  tracks, are included. Common abbreviations 
are added to  the figure indicating  the location of some major families 
pulsating variable stars. 
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F i g .  1 .  S c h e m a t i c   d r a w i n g   o f   t h e   t r a n s i t i o n   r e g i o n .  
Adap ted   f rom  Osak i  (1982) .  
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Fig. 27.4 r, - 1 vs. temperature  (schematic) in the region of He’ 
ionization  in  the  equilibrium  model of a stellar  envelope. 
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Fig. 39.1. Lines of constant  opacity n in  the  lg  P-lg T plane (all values  in  cgs). Four arrows are 
shown  that  indicate  the  direction  in  which  a mass element move8 during  adiabatic  compression. For 
the  arrows  labelled a, b, and d the  direction is  given  by vad  = 0.4. In case a the  arrow  points in the 
direction of increasing K ,  i.e. the K mechanism has a  “driving”  effect on pulsations. In cases b and 
d the  arrows  point in the  direction of decreasing K ,  indicating  a  “damping” (or almost neutral)  effect 
on pulsation. In case c the  direction of the  arrow is different from that of the  other  ones,  since Vd is 
here  reduced  by  the second  ionization of helium.  Because of this reduction,  the mow points  in  the 
direction of increasing n: and  this  ionization  region can contribute  considerably to the  excitation of 
pulsations  in  Cepheids 
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Fig. 39.2. An opacity  surface (“6 mountain”) for the  outer  layers of a star as in Fig. 17.5. But  this  time 
the  dependence with  respect to P (in dyn  and T (in K) is  shown. The dotted  line  corresponds 
to the  stratification  inside  a  Cepheid of 7Mo.  The white  areas of the  “mountain”  indicate  regions 
which  excite  the  pulsation,  the  black ones those which damp i t  The excitation in  the  region of 
1gT z 4.6 is due to the  second  ionization  of  helium 
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Figure 2. (a)  The  “opacity  mountain” as obtained from OP calcula- 
tions for a X = 0.7, 2 = 0.02 composition. The two  most prominent 
new features (ridges) found  in  the new opacity data  are  indicated.  The 
solid line meandering along the slope of the K-mountain marks  the  path 
traced out by the  interior of a 12Ma ZAMS model. (b) Petersen dia- 
gram (Pl/Po vs. PO) for population I variables (6 Sct and double-mode 
Cepheids). Dots indicate observed period data. Dashed lines clearly 
display the disagreement with  the old LAOL data. Solid lines show 
the results of Moskalik et a l .  (1992)  (lower right) and of Christensen- 
Dalsgaard  (1993)(upper  left),  both based on OPAL opacity data. 
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Period 
Fig. 18.5. The  velocity,  radius,  pressure  and  temperature  variations  for  adiabatic 
pulsations  are  shown  schematically.  Pressure  and  temperature  are  highest for the 
smallest  radius. For excess  pressure.  the  layers  are  accelerated  outwards. For decreased 
pressure,  gravity  pulls  inwards.  Arbitrary  units. 
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Fig. 18.8. (a) Adiabatic  radius and velocity  variations  as  a  function of phase for a 
Cepheid  (arbitrary  scale).  Negative  velocities  mean  outward  motion,  positive  velocities 
falling  motion.  (b)  The  adiabatic  temperature  variations ATad (solid  line).  Maximum 
ATud occurs for minimum  radius,  and vice versa.  In  those  layers  where K is increasing 
with  increasing T and P,, excess  heating  occurs  during  phases of positive AT and AP,. 
(Excess  cooling  occurs  for  negative AT and AP,.) (c)  The  excess  temperature  increase, 
A A T  is shown  schematically.  It  increases  throughout  the  phase of positive AT and AP,. 
Only  after  expansion  has  proceeded  beyond  the  equilibrium  radius  does AAT actually 
decrease. In (b)  the final AT = AT:ld + A A T  is shown  schematically as a function of time 
(dashed  line). APl. a AT is larger  during  expansion  phases  than  during  contraction 
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Fig. 16.4. The observed variations of the  apparent visual magnitudes, the 
effective  temperatures,  the  spectral  types,  and  the  radial  velocities  for 6 Cephei 
are shown as  functions of phase. At the  bottom  the changes in  the  radius  are 
shown, which can be obtained by  integrating  over  the  pulsational  radial I 

velocities  (the  stellar  velocity has  to be subtracted from the observed  velocities). 
It  can be Seen that  the  radius is  nearly  the  same  for  maximum  and  minimum 
brightness. (From W. Becker 1950.) 
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