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PREFACE 

During late October 1969, Dr. G. van Herk of the Leiden Observatory 

visited at Steward Observatory; and as a result of mutual conversations 

concerning RR Lyrae stars, Dr. van Herk, Dr. Raymond E. White, and I 

drafted a memo to Dr. Bart Bok requesting his support in arranging a 

meeting to be held in connection with the 1970 General Assembly of the 

IAU, to provide a forum for general discussion of current problems 

concerning RR Lyrae variables. Bart Bok's energetic assistance, and 

the warm response to this suggestion which we received from colleagues 

around the world, led to the Joint Meeting held last August. 

The Proceedings of this meeting are to be published in Highlights 

of Astronomy 1970, but the widespread interest which has been expressed 

in this subject has prompted us to prepare a preprint for prompt 

circulation to the members of Commissions 24, 27, 30, 33, and 37. 

Walter S. Fitch 

Steward Observatory 
October 1970 



ON THE DETERMINATION OF THE ABSOLUTE 

MAGNITUDES OF THE RR LYRAE STARS 

Sir Richard Woolley, Astronomer Royal 

The absolute magnitudes of pulsating variable stars, both RR Lyrae 

stars and Cepheid variables, may be assessed from observation in three ways: 

by the classical method of statistical parallaxes, by their occurrence in 

star clusters whose distance is otherwise known, particularly by ascertaining 

the position of the main sequence in the HR diagram, and by the Baade -Wesselink 

method of determining stellar diameters. 

As regards the first of these, the method of statistical parallaxes, the 

RR Lyrae stars lend themselves to this better than do the Cepheid variables, 

because the velocities relative to the Sun are so much larger. RR Lyrae 

radial velocities are frequently as high as 200 km /sec or even 300 km /sec, and 

as many of the stars lie at distances between 1000 and 1500 pc the proper motions 

of the transverse velocities may be expected to be as high as 0."050 per annum. 

And, indeed, many investigations have been made recently, among which one may 

mention those by Plaut, by van Herk, and by the Royal Greenwich Observatory. 

The difficulties in the way of a successful attack on the problem start 

with the necessity to classify the RR Lyrae stars correctly before attempting 

an analysis. It has been known for some time that the stars are not 

kinematically homogeneous, the shortest period stars being slower moving, 

relative to the Sun, than those of the longest periods. In 1953, Pavlovskaya 

divided the variables into two groups, Group 1 being those with periods less 

than 0.4 day, and Group 2 being those with periods greater than 0.4 day. The 

radial velocities of Group 1 stars were substantially smaller than those of 



Group 2. It is now a question whether the groups should not be further 

subdivided, in which case suitable criteria must be found, and further, 

if the groups become too small in number the statistical result becomes 

unreliable. The kinematic properties are summarized in Table 1. 

Radial velocities are known for about two hundred stars considered 

to be RR Lyrae type variables, and these vary considerably in accuracy, 

since some of them are based on only two or three observations of a star 

whose velocity has a considerable amplitude: but this is not as it happens 

a major source of error in determining the mean velocity of a sample. The 

stars have naturally a large dispersion in velocities, the root mean square 

departure being about one third of the quantity sought (the mean velocity) 

in the case of the longest period stars, and about two thirds in the case 

of the short period stars. On this account alone there is a considerable 

probable error attached to the fundamental assumption that the mean motion 

of a comparatively small sample of stars is the same whether determined from 

proper motion or from radial velocity: and in fact we might expect to find on 

this account a standard error of about 0.2 mag in the mean absolute magnitude 

of a sample of forty longer period stars, and as much as half a magnitude 

from a sample of twenty shorter period stars. 

This limitation applies to proper motions as much as it does to radial 

velocities: that is to say that there is an irreducible error in applying the 

method of statistical parallaxes to a small sample of stars, however well the 

individual radial velocities and proper motions are known. Nevertheless there 

are serious and avoidable errors - avoidable at least in principle - which will 

occur if there are systematic errors in the proper motions. One such source 

of error has recently been isolated by Dr. Clube, who is due to speak later. 

It resides in the fact that stars whose orbits are somewhat inclined to the 

plane of the galaxy lag behind the circular velocity more than do those stars 
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Table 1: KINEMATIC PROPERTIES FROM RADIAL VELOCITY 

Pavlovskaya Sub Median Median Median No. of 

group Period IPI km /sec latitude (b) stars 

I Ultra short 0.11 32 33° 15 

Low amplitude 
low As 0.28 56 38 18 

Low amplitude 
high As 0.31 91 54 13 

High amplitude 

PTRANS 
0d35 0.40 26 22 25 

II 
PTRANS 

0144 0.49 105 39 63 

PTRANS 
0.58 0.65 87 49 15 
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which stay close to the galactic plane (or in other words show a larger 

Stromberg term). The solar motion relative to these stars is greater by 

20 or 30 km /sec than it is for the bulk of the nearby stars. Therefore 

stars seen in the directions of the galactic poles used as standards of 

reference for RR Lyrae stars will have systematic motions of a kind which 

will be passed on to the proper motions of RR Lyrae variables unless a 

correction is made, and this will disturb the statistical parallaxes. 

But if we can successfully remove all sources of systematic error 

in the determination of proper motions - a very big "if" - the task remains 

of classifying the variables according to their real kinematic properties, 

which can be done from radial velocities alone, and then grouping them into 

sets which have the same absolute magnitudes, without which the method of 

statistical parallax yields at best a vague general means. To achieve this, 

we can seek guidance from the behaviour of the variable stars in globular 

clusters. The variable stars in globular clusters were classified by 

Oosterhoff into type I and type II according to the mean period of their 

Bailey a- types, type I having a mean period of O'55 and type II Od65. This 

idea can be developed by introducing a quantity called 
TRANS' 

P the period 

at which there is a transition from Bailey type a variables with large 

amplitudes (and longer periods) to Bailey type c with smaller amplitudes 

and shorter periods. There is a gap between the shortest period a type 

occurring in a cluster and the longest period c type. This gap is variable 

but usually amounts to Odl. 
TRANS P is defined as the period of the shortest 

a type in the cluster and was introduced by Christy in his theoretical work 

on RR Lyrae models. 

Preston's quantity As has not been determined for cluster variables 

except in very few cases. A similar quantity, or at least an indication of 
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metal abundance, has been developed for the late type giants in globular 

clusters by Deutsch, and extended by Kinman who classifies clusters as A, 

B or C, where A indicates slightly weak metallic lines, B weak metallic lines 

and C very weak metallic lines; so that Deutsch's type A corresponds to As 

0 to 3 and Deutsch's C corresponds to As nearly equal to 10 among the nearby 

stars. 

In addition several astronomers, notably Sandage, have estimated the 

absolute magnitude of the cluster variables by comparison with main sequence 

stars in the same cluster. This can be compared with a value of My derived 

from 
TRANS 

P with the help of Christy's theoretical models. 

The results for some clusters are given in Table 2. 

Table 2: Absolute Magnitudes of RR Lyrae Stars in Globular Clusters. 

Cluster Deutsch's class PTRANS M M 
from main sequence from 

TRANS 
P 

M3 A 

M5 A 

M13 A 

M15 C 

M92 C 

47 Tuc A 

0.496 +0.28 
Sandage 

+0.80 

0ó455 +0.6 Arp +0.96 

- -0.09 (Sandage) 

0.565 +0.51 +0.57 

0.60 +0.47 +0.46 

+0.44 (Tifft) - 

Sandage's results (1964) have been revised (towards more true absolute 

magnitudes) but the results have not yet been published. 

If we now turn back to the field RR Lyrae stars, and wish to investigate 

their absolute magnitudes by the method of statistical parallaxes, we have to 

enquire whether we expect them to have the same kinematical properties, what- 

ever the period or other characteristics, and whether we expect them to have 

the same absolute magnitude. The first question can be answered, at least to 

some extent, without answering the second, if we confine our attention to 

radial velocities; but we must have some system of classification, either 

Pavlovskaya's division into Group I and Group II or something more elaborate. 
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The next slide 2 shows the period amplitude diagram of all the field 

variables for which photoelectric values of the V amplitude are known. 

Open circles show stars for which Preston's spectrum classification As is 

0 to 3, corresponding roughly to Deutsch's type A (slightly weak metal 

lines) and filled circles show stars with As 4 or greater (Deutsch type B 

or C) . 

The differences between the field stars and the cluster stars which 

are apparent without any appeal to statistical parallaxes are: 

(1) The occurrence of a number of variables with much shorter periods 

than any which have been found in globular clusters (where the shortest 

periods so far known are about O'24. They have often been discussed and 

have been classified as 8 Scuti variables or as dwarf Cepheids. 

(2) The field has very few c type variables, apart from these, in 

comparison with the average of the globular clusters. 

(3) The field seems to have a class of stars of its own, with 

amplitudes from 1 to l2 magnitudes and periods much shorter than 
PTRANS 

of 

NGC 6171, namely Od42. 

These stars are exclusively of low As. Almost all the stars with 

d 
P > 0.44 have As ;;4 (with only seven exceptions out of 61 stars classified). 

The stars with Od2 < P < Od45 and of low amplitude are evenly divided 

between those with high and low As,and if the stars are divided according to 

As the kinematic properties of the two subclasses seem quite different. 

The appearance of two values of PTRANS among the longer period field 

stars suggests that they should be divided into at least two classes. It is 

difficult at present to set up a satisfactory discriminant, but however the 

division is made, there seems to be no striking difference in the kinematical 

behaviour of the subclasses. 
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Thus far the arguments, so far as they concern the field stars, have 

been statistical; but there is a method of determining the absolute magnitude 

of an individual pulsating star originally proposed by Baade and developed by 

Wesselink. It has not been widely applied, partly for lack of adequate data 

and partly on account of lack of confidence in the method. 

If Fv is the flux of radiation of frequency v per cm2 of a star of 

radius R, the luminosity Lv of this star is 

or in practical form 

L = 4rR2F 
v v 

My - Sv + 5 log R = 15.15, 

where Sv is the flux on a magnitude scale and My the absolute magnitude. If 

we differentiate this expression with respect to time and remember that My 

differs from the apparent magnitude V by a constant we have 

dS 

dt dtv =- 2.1715 
R 

áR, 

so that if dV /dt is determined from the light curve and dR /dt determined 

from radial velocity measurements, the radius R can be determined if Sv is 

known as a function of the colour (B -V). This is the principle of the 

method. If this is not known, but if it is assumed that Sv is a function of 

the colour alone, the radius can be determined by taking two points of equal 

color, one on the rising branch of the light curve and one on the descending 

branch: then for these two points 

AV + 5 A log R = O, 

from which R can be determined if AR is known from radial velocities. This 

is the essential improvement to Baade's proposal for determining radii of 

pulsating stars introduced by Wesselink. 
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Radii have been determined by this method in a number of cases shown 

in Table 3. If the radius is known, it can be used to determine an absolute 

magnitude if it is supposed that S 
v 

can be computed from the colour B -V or 

from the spectral type. This has usually been done by using an effective 

temperature,but it can also be done with the help of tables prepared by 

Wesselink relating Sv to B -V. These are based on stellar angular diameters 

observed by Hanbury Brown with an interferometer. 

Fernie adopts a period- radius relation, which leads him to an absolute 

magnitude depending on P and (B -V). This leads to R/R0 = 64 for K Pav, and 

5.1 for RR Lyrae, both of which are very different from the results given 

by the Baade -Wesselink method, and these differences explain the differences 

in the absolute magnitudes shown for these two stars in the last two columns. 

There are many indications that an effect occurs in the rising branch 

which causes a modification in the relation between specific emission and 

colour of a kind which necessitates a modification in the Baade -Wesselink 

method. This was proposed by Abt in 1959 but not yet, so far as I know, 

widely applied. 

It seems quite clear that if the Baade -Wesselink method can be improved 

and successfully applied to RR Lyrae stars, we shall be able to say with much 

greater confidence what their absolute magnitudes are, and whether the 

connexions between 
PTRANS and absolute magnitude suggested by theory or by 

work on globular clusters can be substantiated by the field stars. 
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Table 3: Radii and Absolute Magnitudes of Cepheid 

Strip Variable Stars 

Star Investigator Star B -V 
R /R0 R /R0 Fernie 

8 Cep Stebbins 53 49 63 

Oke 40 

Whitney 53 

T1 Aql Stebbins 68 66 67 

Oke 64 

Whitney 67 

Y Oph Abt 72 95 (70) 

Becker 118 

k Pay Rodgers 21 21 (56) 

0 Dor Rodgers 105 105 (68) 

1 Car Rodgers 138 138 93 

RR Lyr Stebbins 7.2 7.0 29 

Abt 6.0 

Oke 7.8 

SU Dra Oke et al 5.2 5.2 33 

Fernie's formulae use log P and (B -V) (Ap.J., 140, 

M from 
M Wesselink's 
Fernie tables 

-3.9 -3.6 

-4.1 -4.1 

-5.0 -4.8 

-3.6 -1.5 

-4.4 -5.0 

-5.3 -4.7 

+0.7 +0.5 

+0.6 +0.2 

1482, 1964) 

The "Wesselink" result quoted uses Wesselink's table of Sv and 
the value of R shown as a mean. 
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Discussion to the paper of WOOLLEY 

BOK: With the advent of large telescopes in the southern hemisphere, 

there is a great future for the study of RR Lyrae stars in the 

Magellanic Clouds. 

WOOLLEY: I agree. 

KHARADZE: Dr. Alania of Abastumani Observatory has been systematically 

observing the spectra of several RR Lyrae stars, and has shown 

that As varies with phase during the pulsation period. Shouldn't 

one take into account this variation? 

WOOLLEY: Kinman takes account of the variation of As with phase, but not 

all observers do. 

BUSCOMBE: In view of the great difficulty of deriving reliable radii for 

classical Cepheids, can one in fact achieve the necessary 

resolution in time and radial velocity from spectrograms of 

faint RR Lyrae variables with periods less than 8 hours? 

WOOLLEY: Yes. 
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Absolute Magnitudes of RR Lyrae Stars 

Robert F. Christy 

In discussing the absolute magnitudes of RR Lyrae stars, I concur in 

the importance of the question but I would, at the outset, like to insert 

a word of caution: It seems to me most likely that the Mb of RR Lyrae 

stars is not an immutable constant but depends on the original composition 

of the star. I will come back to this point later. 

The principal point of view which I shall emphasize is rather dif- 

ferent from that of most observers. The observer is usually interested in 

using the RR Lyrae stars as a means to calibrate distances and thereby 

looks out from the star to the galaxy and then to the Cosmos. In contrast, 

the interests of the theorist look inward and he views the RR Lyrae stars 

as convenient fixed points for the comparison of theory with observation. 

At present, the theory of stellar structure is tied to fitting the 

Sun. We all know the difficulties in the solar neutrino experiment which 

casts some doubt on whether we even understand the Sun. But we have few if 

any cases of evolved stars where we know M, L, R, to check our stellar 

evolution calculations. 

We are now in desperate need of new fixed points where we can com- 

pare observation and the theory of stellar structure and evolution. The 

RR Lyrae or Cepheid type variables provide excellent examples for this 

comparison of observation and calculation. They are in late stages of 

evolution where tests are needed, they are readily identifiable and well 

observed, and already the knowledge of the period provides a very precise 

mass- radius relationship so that a complete determination of the model will 

be provided by only a few additional measures. 
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Relations to the Theory of Variable Stars. 

The period of a Cepheid -type variable provides a very precise measure 

of the structure which can be employed to help interpret observations of 

variables. The most precise expression I have found is 

(R /R0)1.18 
Q = 0.0334 + 0.00034 

/MO 

but the relation that is most useful is somewhat less accurate: 

(R/RO)1.76 
PF(days) = 0.021 

(M/M@ )0.72 

If we now introduce the relation between Mb, R, and Te, we can eliminate 

(R /RO) and get 

-Mb = 2.84 log PF + 10 log Te + 2.05 log M /M0 - 37.58. 

It is important to remember that this relation uses theory only in the 

expression for the period which is very accurate and should lead to errors 

in Mb less that 0.03 for periods less than 40 days. It is apparent that 

the principal uncertainty in applying this relation arises in determining 

log Te. Where necessary, I have used the relation log Te = 3.886 - 0.175 KB -V), 

but I will largely express things in terms of log Te in order to avoid 

introducing unnecessary approximate relations. 

It is apparent from this relation that if we know log Te and Mass 

(and of course log P) we can deduce Mb. Alternatively we can examine a series 

of variables where relative Mb, log Te, and log P are known (such as in a 

globular cluster or the Magellanic Clouds) and determine relative values of 

Mass. This could tell us, for example whether Mass is constant or varying 

across the RR Lyrae gap. Clearly, the determination of mean log Te from mean 

<B-V> and other colours is vital to this and most other attempts to relate 

variables to theory. Here more basic work by astronomers and stellar 
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atmosphere theorists is needed to enable this determination to be made 

with appropriate allowance for the dependence on gravity and on metal 

content. Although much work has gone into this study,much more is 

needed. If we wish to determine Mb to within 0.1, we need log T 
e 

to 

0.01 . 

If we now assume that we have the basic knowledge to determine log 

Te accurately, we see that we need to know Mass or Radius if we are to 

determine M. 

A very basic method of determining Radius is by some modification 

of the Wesselink method. By this, I mean to use information on changes 

in colour and luminosity to deduce the fractional change in radius. By 

then comparing with the absolute change in radius during this same time, 

obtained by integrating the velocity, curve, we deduce the actual radius. 

This procedure is probably best applied during falling light when the 

atmosphere is most like a normal stellar atmosphere though of abnormally 

low g. This method, however, entails some systematic errors in that it 

incorrectly assumes that the change in radius of the photosphere is the 

same as the distance moved by matter in the reversing layer. Actually 

the photosphere moves by considerably less than the material motions in 

the reversing layer would imply because it descends to greater depth at 

maximum radius, particularly for longer period Cepheids. This means that 

the method will consistently overestimate the radius. I have only esti- 

mated the correction for a 10 day Cepheid and guess that the Wesselink 

radius may be 10% in excess of the true mean radius. It remains an impor- 

tant problem for theorists who make dynamic models to evaluate the best 

way of using the Wesselink method and how to so correct the results to get 

the correct mean radius. 
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Recently I have found that the radius may be determined from non- 

linear pulsation calculations for certain variables which show bumps in 

the light or velocity curve that are characteristic of the Hertzsprung 

progression. So far, unfortunately, the method is much better in calcula- 

ting velocity curves than light curves so that only a very few stars are 

suitable for application. The method gives R /RO = 4.05 x delay (days) and, 

where applicable, leads to R, and, coupled again with Te, we get Mb. For 

example, for S Nor I get Mb = - 3.80, whereas Kraft from cluster fitting 

gets -4.05. This lower L corresponds to a radius smaller by 0.05 in the 

logarithm or 12% and a mass smaller by 40% than normal. An alternative 

implication is that the model calculations are wrong, and I estimate that 

this discrepancy would be eliminated by an increase of opacities by a 

factor of two in the range 50,000 °K to 500,000 °K. 

Finally, I would like to comment on another relationship involving 

the luminosity found in the nonlinear calculations. It has appeared that 

the lowest period PTr at which the'fundamental will vibrate unstably, 

before the overtone takes over, is correlated with the luminosity, 

0.52 - 4.46 log 
Mbol = 

PTr' 

Applied to a few cases of globular clusters, this gave: 

PTr -bol 

w Cen .565 .57 

M 15 .565 .57 

M 3 .496 .80 

M 5 .455 .96 

Field 
Variables .43 ? 1.06 ? 

.40 ? 1.20 ? 
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The weak part of this deduction is, however, that I am unable to estimate 

the systematic errors that may be hidden here though I note the results are 

all reasonable. 

Nevertheless, the best explanation of the differing values of PTr in 

different clusters is that the luminosity is systematically different. It 

appears that this difference correlates well with the metal content since 

this is very low for w Cen and M 15 and intermediate in M 3 and M 5. For 

the field variables, the systematics are less satisfactory and I do not 

know of a clear determination of PTr. It seems clear that it is fairly 

short however,and therefore they are no doubt fainter than Mb = 1.0. 

In summary, I would first like to emphasize that the RR Lyrae stars 

should be segregated according to metal content in establishing their 

Luminosities. Next I believe we must improve our methods of determining 

T 
e 

from observation. Various modifications of the Wesselink method can 

provide a very useful value for the stellar radius provided the theory of 

dynamical systems is employed to establish systematic corrections. Finally, 

I would say that the nonlinear theory of variables has the possibility of 

providing new ways of establishing the stellar radius and luminosity, but 

this theory must be tested and perhaps the models modified by comparison 

with a few known examples before the results can be believed without 

question. It is likely that more nonlinear features will be identified 

and computed, so that more systematic examination of observation for these 

features can be valuable. 
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Discussion to the paper of CHRISTY 

IBEN: The evolutionary calculations which you suggest should be done have, 

as you well know, been done. They give qualitatively the same 

dependence on metal abundance as do your rough estimates. Specif- 

ically, for the shortest period RR Lyrae stars in clusters such as 

M 15 and M 92, internal structure calculations suggest M 2+ 0.5 mag. 

On the basis of evolutionary calculations, the variables in clusters 

such as M 3 and M 5 should be about 0.25 mag fainter than those in 

M 92 and M 15. 

CHRISTY: Of course I am acquainted with your work, and I am naturally 

pleased that it substantiates'qualitatively the conclusions to 

which the pulsation calculations have led us. 

HILL: You found a discrepancy between the observed and computed masses for 

S Nor which might be resolved by increasing the opacity. Did you use 

opacities by Cox or by Carson and Stibbs? 

CHRISTY: I used the Cox - Stewart opacities. No actual values of opacity, 

in the range of T, p relevant for pulsation, have yet been 

calculated according to the Stibbs- Carson procedure, but I am 

very anxious to see such results so that they can be used in 

pulsation calculations. 
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REVIEW OF OBSERVATIONAL DATA ON RR LYRAE STARS 

G. van Herk 

The data on which my work on the secular parallaxes of RR Lyrae stars 

is based (B.A.N. 18) were in many respects so incomplete that I have tried 

to interest astronomers to get a more complete set of data. The number of 

stars for which I had a proper motion was only 168, and for which a radial 

velocity was known, was 180, with an overlap of only 138 stars. The accuracy 

of the proper motions was certainly unsatisfactory for 43% of the total. The 

greatest trouble in dealing with such insufficient numbers arises when one 

wants to subdivide the material into groups which are homogeneous from a 

physical point of view. Many subdivisions, in making up my paper, were not 

tried at all, simply because the material was inadequate. 

In recent years plenty of work has been done by various investigators, 

of which I will at this point only mention the work on proper motions done 

at the Leander McCormick Observatory, and the great number of radial velocities 

determined by Dr. Clube and his associates. I do not, however, believe we are 

yet in a position to consider the whole subject as finished. Discussions about 

space motions, as given by Professor Oort in the book Stellar Structures, 

Volume V, will, at this time, be hardly improved upon. I still feel we should 

increase the number of stars substantially in order to get a better statistical 

discussion possible. This means we have to go to fainter stars. Plenty of 

these stars will be found on the plates which have served to make the Charts 

of the Carte du Ciel, which means we have at least one old position available 

for proper motions. At Leiden we are now engaged in the determination or 
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redetermination of the proper motions of 430 RR Lyrae stars. 

Another point to worry about can be best seen in Figure 1, where the 

stars with known proper motions are plotted in a coordinate system showing 

the equatorial poles, the equator, and the 45 degree declination circles. 

The subdivision according to periods,which was followed mainly in the 

Leiden investigation, shows how meager the data are from the southern 

hemisphere. It is very much hoped this will be remedied, were it only to 

to serve as a valuable check on the systematic results from the material of 

the northern sky. It would require an independent determination of the 

secular parallaxes of reference stars as was done by Binnendijk and others. 

From several authorities on image- converters, I learned that medium - 

sized telescopes (of which there exist plenty) equipped with image converters 

could help very well in solving the deficiency in our knowledge with respect 

to radial velocities of RR Lyrae stars. These velocities are usually so 

large that a lesser accuracy of one determination as the classical methods 

yield, would not be too harmful. I would like to mention, incidentally, that 

we should observe many radial velocities, if only to complete the extensive 

search by Dr. Plaut for RR Lyrae stars. 

A very satisfactory improvement can be reported on the photometric data. 

I do not know exactly how much has been achieved lately by the group of 

Drs. Fitch and Johnson, but, together with the earlier work done by Dr. Kron, 

I believe we have now good photometric data for some 200 stars. If we want 

to increase our knowledge by gping to fainter stars, it is to be hoped that this 

list will be extended as well, as I remember with great distress how poor most 

of these data have been in the good old days. 

Finally, we had at our disposition the metal index as defined by Preston. 

In 1965, As was known for some 100 stars, which meant again that no extensive 

use could be made of As in subdividing the material. Now, the determination 
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of As has to be done near minimum light according to the originator of this 

index, which means it is difficult to determine, and perhaps well -nigh 

impossible for fainter stars. It is to this end that I have asked permission, 

since 1965, to have the Leiden observers, working at the Leiden Southern 

Station, observe RR Lyrae stars in the 5- colour system of Dr. Walraven. 

Figure 2 shows the colours picked out by Walraven in comparison with the intern- 

ational UBV system. It is to be noted that Walraven's U is almost free from 

hydrogen lines, and covers a region where metallic lines are often abundant. 

Unfortunately, I can show only results for some 20 stars. We are now 

engaged in making great efforts to observe some 80 stars more, including as 

many c -type stars as we can get. In what I want to show to you, only Bailey 

a -type stars are involved. Figure 3 presents normalized lightcurves for 22 

stars, in Walraven's U- colour, and with known As. These lightcurves are 

fully drawn, and are given in five lines with increasing As. On each line the 

amplitudes have been used as a second subdivision. This small sample of stars 

has, so far, convinced me that the so- called secondary bump increases in 

magnitude with increasing As, or with decreasing metal index. The dotted 

lines are the two curves found for the two stars with AS = 0, given in the 

left -hand top corner. Which one was reproduced depended on the amplitude, but 

I wished I had had at my disposal at least 5 stars with AS = 0 to match better 

the different amplitudes. I want to note here that the phase of the maximum 

of the bump seems to be almost constant. From two ways of determining this 

phase, we found an average value of 0.685, with a standard deviation for this 

average of 0.015 on the assumption that all bump phases are the same. 

Returning to the height of the bump, we tried to write down a figure for 

it. As we do not know the base level from which to measure the height of the 

bump, we used an 'undisturbed' lightcurve and measured the greatest deviation 

from the actual curve to the undisturbed one at the place where the bump occurs. 
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We expressed this greatest deviation in the amplitude as the unit. We hope 

this quantity is practically independent of all uncertainties of the effect 

of reddening, as only one colour is involved. For stars with heavy bumps, 

this procedure to draw a smooth, undisturbed lightcurve can become rather 

arbitrary, and here we used the relative height of the secondary maximum 

above the minimum with respect to the total amplitude. These ratios were 

plotted against As as given in the left -hand side of Figure 4. It seems quite 

likely there exists a continuous change of this ratio with As. The same 

ratio has been determined for Walraven's B- colour, which you know is observed 

at the same time as the other colours. The slope we notice in the first 

diagram is now far less pronounced as can be seen from the graph in the left - 

hand bottom corner. The scatter one notices is partly due to the uncertainty 

in OS, which was estimated by Preston as 1 to 2 units. We have tried to get 

some insight in the AS accuracy by studying all the original data given by 

Preston and by Kinman. The AS on the right -hand side of Figure 4 are the 

slightly revised values that we found. 

In Figure 5 for a few of the stars the individual AS have been plotted 

against phase. We did it for all stars, and we could not convince ourselves 

that it is strictly necessary to have the AS determined near minimum light. 

Our sample shows that it is easy to doubt any real change of AS with phase. 

We have assumed for a moment that all determinations should have given the 

same answer, and therefore we have taken the average of all values observed 

for each star. The AS thus found have been used in Figure 4 in the top 

right -hand corner. If we now could believe that the averages just mentioned 

are better values for the AS assigned to the star, we can average the new 

values per group of each of the 12 values given for AS by the authors, namely 

from 0 to 11. A plot in the right hand side of Figure 5 shows the deviations 
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of these newly computed AS against the original values. For Preston there 

is hardly a difference of importance; only at AS = 9 we see some discrepancy. 

This is not true for Kinman's values. Here some pronounced systematic effect 

turns up for the higher values. A look at the scatter of Kinman's individual 

values makes me still hesitate to believe that we have to accept anything else 

but the ordinary scatter from observational results. There is one question 

I found unanswered: Why have never negative values for AS been introduced? 

Both Preston and Clube have found negative values, but have never used them. 

Kinman has observed several stars for which all individual determinations were 

estimated to be zero, with not a single deviation. These seem to contradict 

the estimated error of 1 -2 units in OS. 

The overall averages for the AS have been used in the right -hand bottom 

part of Figure 4. In essence, the scatter in all three diagrams has not 

changed very much. We could have minimized the scatter by drawing freehand 

undisturbed lightcurves for the cases with large AS, but we have preferred 

to wait till we learn from where we have to reckon these disturbances in the 

actual lightcurves. Whatever the explanation of the relation between AS and 

the height of the bumps, I am inclined to believe that we could use this type 

of observation to determine the metal index for stars which are too faint to 

be coped with in the classical way. 
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Table 1: AS for RR Lyrae Stars 

SW And 

PRESTON 

0 

KINMAN CAPE CLUBE ALANIA 

0 

SW Aqr 5 11 

SX Aqr 9 9 

X Ari 10 11 

RS Boo 2 4 

RZ Cep 5 5 

RU Cet 9 7 

RV Cet 3 9 

RX Cet 2 5 

UU Cet 4 4 

S Com 7 8 

W Crt 3 0 

SU Dra 10 10 

SW Dra 3 4 

XZ Dra 3 5 

RX Eri 9 6 

SV Eri 9 5 

SS For 13 2 

V Ind 10 7 

RR Leo 8 4 

U Lep 9 7 

TV Lib 2 3 

RZ Lyr 9 5 

V 445 0ph 1 3 

AV Peg 0 1 

BH Peg 5 8 

V 440 Sgr 5 9 

RU Sc1 9 6 

RV UMa 8 6 
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Discussion to the paper of VAN HERK 

CHRISTY: The bumps you found in the U light curves of RR Lyrae 

variables and their correlation with Z is very interesting. 

In my model calculations I sometimes found bumps in this 

region and sometimes did not, so I had concluded that their 

appearance (perhaps due to internal interference) was very 

sensitive to some model parameters. Perhaps, since I believe 

the luminosity and metal content are inversely correlated, 

one can understand the dependence of bump intensity on metal 

content as the indirect influence of the luminosity and the 

sensitivity to model parameters that I found. Further work 

will be necessary to understand this very significant 

correlation. 

WARREN: I have done UBV photometry on a number of RR Lyrae stars and 

haven't found any bumps in the light curves. 

VAN HERK: The light curves I showed were in the intermediate -band 

Walraven U, not the broad -band Johnson U. 
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Absolute Magnitudes of RR Lyrae Variables 

S. V. M. Clube 

My remarks concern the kinematics of a -type RR Lyrae variables with 

large As (> 5), supposedly halo members, which have relatively well deter- 

mined proper motions (4) and radial velocities (p) as well as accurate 

photoelectric photometry (m). The number of variables fulfilling these 

criteria is about 60. Using procedures which need not be discussed in 

detail here, it is possible to determine the statistical kinematic 

properties of these stars - that is, their solar motion (v) and velocity 

dispersion (a) - in two different ways: 

[p, 1, b vP, a P 

{4y, 1, b, m, M, A 1--,v , aµ 

where magnitudes are assumed to be visual and M is an arbitrary assumed 

absolute magnitude, and A is an estimate of absorption. Two separate 

estimates of the true absolute magnitude may be obtained from 

v 
µ M1 = 5 log 

v P 

a 
M2=5log 

P 

if M = 0. The observations give 

M1 + Om35 

M2 + 1m35 

and similar results are implicit in the earlier investigations of Woolley 

et al, van Herk, and Missana and Plaut working with different groups of 
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stars. The currently accepted value for Mo ti + 0185 results from an 

average of these figures. However, the discrepancy is over 3 times its 

associated standard error, and it is questionable whether an average of 

this kind is meaningful or right. 

There are apparently two reasonable ways of attempting to reduce this 

discrepancy. Since both vp and are apparently sound and in good agreement 

with the globular cluster kinematics, either v4 is too small or Q 
w 

is too 

large. The former would imply some systematic error in the proper motions 

and the latter a random error. Though the latter has been preferred as an 

explanation in the past, the random error implied by the discrepancy is 

005 p.a. which is much greater than any permissible estimate. On the 

other hand, a relatively small correction of about 001 p.a. to the secular 

parallax of the field stars to which the proper motions of all the RR Lyrae 

variables are referred, can equally well remove the discrepancy. According 

to the published proper motions, the average secular parallaxes of the 

reference stars in question is 0013 p.a., and the implied correction 

therefore leads to a secular parallax of about 0020 p.a. towards a revised 

apex. The plausibility of such a correction does not seem previously to 

have been suspected and is in fact well confirmed by the recent determination 

of secular parallaxes by Fatchikhin and Vasilevskis for field stars at high 

and medium galactic latitudes where most of the halo RR Lyraesare observed. 

The result is that M1-* M2 and the absolute magnitude of these RR Lyrae 

variables is much fainter than previously supposed. In fact, Mo + 1130, 

a result which is not in serious disagreement with Christy's models. How- 

ever, it does cause distinct difficulties elsewhere which I need only refer 

to briefly here: 

(1) Arp's determination of Ro = 10 kpc is based on Mo = + 0130 
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for globular cluster RR Lyraes. This result therefore makes Ro 6.3 kpc, 

all other things being equal. 

(2) It conflicts with RR Lyrae calibration by main sequence fitting 

in selected globular clusters. 

(3) It conflicts with the conventional zero point of Cepheid variables 

since it reduces the distance of the Magellanic Clouds. Indeed, had the 

result been available 20 years ago, I believe the faintness of RR Lyraes 

in the Clouds and M31 would not have occasioned any surprise, and the zero - 

point of the Cepheids would not then have been brought into question. 
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THE LICK OBSERVATORY PROGRAM ON PROPER MOTIONS 

OF RR LYRAE STARS 

A. R. Klemola 

It is the purpose of this note to reveal the nature and progress of 

a long term astrometric program at the Lick Observatory (see references by 

S. Vasilevskis in Trans. Int. Astron. Union, XI B, 404, 1962). One of its 

many goals is the measurement of absolute proper motions of RR Lyrae stars 

with respect to faint galaxies. The first -epoch photographs, obtained in 

1947 -54 by Shane and Wirtanen for the sky north of declination -23 °, were 

supplemented later by plates of poorer quality down to -33° with the 20- 

inch astrograph. This means that first -epoch plates are now on hand which 

cover three - fourths of the sky and on which stars of 9 -17 mag may be 

measured for proper motions. Since these photographs represent the 

largest and most homogeneous set that will be available in the foreseeable 

future, we shall try to estimate the number of RR Lyrae stars which may be 

measured on them. 

As a guide we take the 1968 edition of the Russian Variable Star 

Catalogue, which contains a little over 4400 RR Lyrae stars. For the sky 

ngrth of -33° nearly 2000 of these stars are brighter than average magnitude 

17.0, 1000 brighter than 15.0, and about 350 brighter than 12.0. Experience 

with the Lick program shows that 80% of these stars should be measurable, 

after account is made for losses due to plate defects, blended images, and 

other factors. 
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An important limitation to the usefulness of the measured motions is 

imposed by the size of the mean errors, which amount to 0. "7 /century for an 

epoch difference of 20 years. This mean error is the same size as the proper 

motion of a typical RR Lyrae star of 13.0 mag. But for an epoch difference 

of 50 years the mean error drops to 0. 13 /century, which is comparable to the 

motion of an RR Lyrae star of 15.0 mag. Useful results for the fainter 

RR Lyrae stars will not be possible until after a third epoch about the 

year 2000. 

The Lick program will be of assistance in indirect ways to other 

observers in their reduction of photographs for proper motions, where 

suitable reference stars with motions on an inertial system are not 

available. One statistical approach for reducing from relative to 

absolute proper motions involves both a correction for solar motion 

and galactic rotation. The program will provide positions of the solar 

apex, the mean secular parallax, and the constants of galactic rotation 

which are required by the observers for reference stars of 9 -17 mag. 

A second indirect way in which the Lick program will be of help to 

other observers comes from the analysis of the differences between the 

Lick motions and those given in the AGK3. If the Lick motions are 

regarded as free of systematic errors, then these differences may be 

treated as corrections to be applied to the AGK3 motions in order to 

bring them into an inertial system. Thus, the AGK3 stars, with motions 

corrected this way, may serve as suitable reference stars in astrometric 

plate reductions by other observers. 

In practical applications the treatment of the faint reference stars 

on a more sound basis will enhance still more the value of the great amount 

of plate material which exists in many observatories for about 300 of the 

brightest RR Lyrae stars. Reference is made to the recent work of van Berk 

and of Clube. 
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Progress to date is represented by the nearly completed pilot proper 

motion program. In 1967 an 8% sample of the 1246 fields north of -23° was 

selected for measurement and reduction. Solutions for solar motion and 

galactic rotation have been made, using nearly 9000 stars in 83 fields that 

lie outside the zone of avoidance. Preliminary values of the galactic 

rotation constants have been obtained for stars of 10 -17 mag. Preliminary 

values for the correction to the precession constant have been obtained 

and are discussed at another session of this meeting by Dr. S. Vasilevskis. 

It is anticipated that the various results from the pilot program will be 

applicable to the problem of reductions from relative to absolute motions 

discussed earlier. Following the completion of the analysis for the pilot 

program, work will begin soon thereafter on the full proper motion program, 

which will include many more RR Lyrae stars. The results should be available 

after 1975. 
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GENERAL DISCUSSION 

BOK: I think my message to Commission 33 will obviously be that we must 

be prepared to accept fainter absolute magnitudes for the RR Lyrae 

variables. 

OORT: As Dr. Clube remarked, the discrepancy between the absolute magni- 

tudes found from the reflection of the solar motion ( "secular 

parallaxes ") and that found from the peculiar motions ( "dispersion ") 

was also noted by others. From his extensive work on RR Lyrae - 

variable proper motions, Dr. van Herk found a difference in the 

same direction as that discussed by Clube, but somewhat less 

extreme. For the stars with low metal content the mean absolute 

magnitudes found by van Herk were about +0.4 and +0.9,respectively, 

for the two kinds of data. I was also involved in the calculations; 

though we did not like the difference, we did not think it was 

exorbitant, being about twice its mean error. We certainly do not 

believe it can be ascribed to a considerable underestimate of the 

accidental errors of the proper motions, which were carefully 

discussed. There are, however, many uncertain data involved such 

as the determination of the true velocity dispersions along the three 

axes of the velocity ellipsoid. 

I find it very difficult to believe that the secular parallaxes 

of the faint comparison stars such as used by van Herk could have 

been too small by the amount of the order of 0J005 p.a. suggested by 

Clube. It seems quite unlikely that stars at still quite moderate 

average distances from the galactic plane (about 200 pc) would show 

a much larger solar motion than the dynamically quite similar K- giants 

in our surroundings. (After the above discussion, Vasilevskis and 

Kiemola went over their results for the motions of stars of the 
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magnitudes concerned relative to faint galaxies. The difference 

between these preliminary results and Binnendijk's secular parallaxes 

which were used by van Herk averaged only between 0."001 and 0. "002 p.a., 

i.e., much smaller than the correction needed by Clube). 

Adoption of a mean absolute magnitude of +1.3 for the RR Lyrae 

stars as proposed by Clube would in my opinion give very great 

difficulties in connection with the distance of the galactic center, 

Ro. This would then have to be reduced to 6.1 kpc in the case of 

Arp's data on Baade's "window ", and even to about 4.7 kpc in the case 

of Plaut's new survey's in fields at b = - 10° and + 10° and i around 

0°. Such small values are in contradiction with the value found from 

21 cm observations (which give the product ARo) and from distant OB 

stars at roughly the same distance from the center as the Sun. Both 

lead to values around 10 kpc. 

MURRAY: Whatever the effects on the galactic distance scale, we must 

accept that there is an increasing amount of evidence that secular 

parallaxes of faint stars, out of the plane, are larger than had 

hitherto been thought. Up till recently, no absolute proper motions 

for stars fainter than about the twelfth magnitude have been available 

for direct measurement of secular parallaxes, and we have had to rely 

on the statistics of velocity dispersions derived from local stars to 

measure mean parallaxes. Preliminary results of the Pulkovo proper 

motion programme, reported by Fatchikhin indicate an increase in 

secular parallaxes, not only from the size of the motions but also 

in a shift of the solar apex corresponding to a higher negative 

V- component of motion. 

ARP: What kind of absorption corrections did you apply to your apparent 

magnitudes to get absolute magnitudes? 
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CLUBE: The same corrections you used in your Kuiper Volume Chapter on 

Globular Clusters. 

ARP: That would mean essentially cosecant law absorption corrections. 

It would be very important to check and see that the same kind of 

absorption corrections were used for your field RR Lyrae stars 

that I used in my computation of the distance to the center of 

the galaxy from the centroid of the globular clusters. 

Another point which should be made is that if you imply your 

field RR Lyrae stars are the same as the globular cluster RR Lyrae 

stars, then your much lower absolute magnitude would imply a much 

greater age than presently assigned to the globular clusters or 

to the galaxy. 

The most important point is what kind of star are you actually 

observing. If your low absolute magnitudes are correct, then you 

are probably dealing with a different kind of RR Lyrae star than 

is normally encountered in halo globular clusters. If my memory 

serves me, there was, some years ago, already an indication that 

field RR Lyrae stars were intrinsically fainter. That, of course, 

would not move the center of the galaxy closer than the currently 

calculated 10 kpc or thereabouts. 

IBEN: In clusters which exhibit a main sequence turn off that can be 

related to the RR Lyrae variables directly above it in the H -R 

diagram, ages increase by about 3 billion years per 0.25 mag 

increase in the magnitude of RR Lyrae stars. The discussion by 

Dr. Clube refers to field RR Lyrae stars and not to variables in 

clusters. Hence, the suggested increase in magnitude cannot be 

directly transformed to cluster variables and then used to infer 

an increase in cluster ages. 
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GLIESE: As Clube referred the proper motion of each RR Lyrae star to a 

frame of faint stars whose secular parallaxes he used, possible 

errors in the fundamental system cannot have any influence on 

his results. 

LUYTEN: I have measured the "motions" of some 30 quasars relative to 

some 8 -10 comparison stars of the 16th and 17th mag in each case. 

What one gets is the reverse of the mean motion of the comparison 

stars, and from these I also found a pretty definite indication 

that the secular parallaxes of these very faint stars are 

larger than we had assumed before - in agreement with what 

Murray said. 

SCHWARZCHILD: Are the RR Lyrae stars in Plaut's low latitude field the 

same kind as the high latitude variables used by Clube? 

OORT: The great majority of the variables in Plaut's field have periods 

in excess of 0.42 day and presumably belong to the low- metal- 

content category. 
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