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Abstract  The  purpose  of  this  paper  is  to  call  the  observing  community’s 
attention  to  the  re-affirmation  that  a majority,  80 percent,  of  the basic UBV 
standard  stars  either  are  suspected  or  known  variable  stars.  The  elucidation 
of these stars’ variability characteristics in exquisite detail is a task for which 
AAVSO observers are eminently qualified.

1. Introduction

  The  photometry  portion  of  astronomy’s  observational  community  in 
particular  is well  aware of  the  fundamental nature of  the UBV photometric 
system  which  was  invented  by  Johnson  and  Morgan  (1953)  and  Morgan 
(1988).  A  recent  review  of  the  UBV  photometric  system  has  appeared  in 
Landolt (2011).
  The  basic  steps  in  analyzing  photometric  data  have  been  published  in  a 
number of places, including the well known books by Henden and Kaitchuck 
(1982, 1990) and Sterken and Manfroid (1992). Those books and other works 
in the astronomical literature, such as Landolt (2007), describe the use of stars 
of  known  magnitude  and  color  to  standardize  data  in  a  given  observational 
program, thereby transforming the data onto a standard photometric system and 
enabling  the  inter-comparison of  the photometric  results with  those of  other 
observers as well as with theoretical models.
  When one reduces all sky photometry, and accomplishes relative photometry, 
which is the kind of photometry that a vast majority of photometrists do, the 
results include the recovered magnitudes and color indices of the standard stars 
used in the processing. This author has wondered for years why the recovered 
standard  star  magnitudes  and  color  errors  for  the  stars  defining  the  UBV 
photometric system (Johnson 1963) were larger than for the recovered errors 
when  using,  for  example,  standard  star magnitudes  from  Cousins  (1976),  or 
from the author’s papers (Landolt 1983, 1992, 2009).
  Careful data acquisition and reduction techniques, over the past sixty years 
using  photoelectric  photometry  techniques,  and  now  CCDs,  should  provide 
photometric errors of data transformed to a standard photometric system, say, on 
the order of 0.005 magnitude. Such errors also were achievable through use of 
photoelectric photometers. However, the author’s recovered photometry when 
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using the basic UBV standard stars normally featured errors more like 0.015 to 
0.018 mangitude, or so. The exact numbers are not so important here. What is 
notable is that those errors are three to four times the size of achievable errors 
using Cousins and Landolt photoelectric photometer-based standard stars. The 
question, then, is why the difference in the size of the recoverable errors?

2. Stars omitted from original set

  Johnson and Harris (1954) published the original set of 108 standard stars on 
the UBV photometric system. A final list of UBV standard stars was published 
by Johnson (1963), wherein he eliminated four stars: HR 753A, g Tau, d Tau, 
and a  Lyr,  without  comment.  The  reasoning  for  their  elimination  from  the 
original 108 UBV standard  stars  appears  to be  as  indicated  in  the  following 
paragraphs.  Johnson  (1963),  in  section 3,  and  Johnson and  Iriarte  (1959) do 
indicate that “some of the stars observed are more variable than others.”
  HR 753A: BD+06 398A, HD 16160, CCDM J02361+0653A, GJ 105 A, 
G73-70,  2MASS  J02360498+0653140,  UCAC4  485-003628,  NLTT  8447;  
m
a
 = 1807.8 ± 1.0 mas/yr, m

d
 = 1444.0 ± 1.0 mas/yr.

  HR  753B:  BD+06  398B,  CCDM  J02361+0653B,  G73-71,  GJ  105  B, 
NLTT 8455, BX Cet, variable of BY Dra type = 2MASS J02361535+0652191, 
UCAC4 485-003632; m

a
 = 1813.0 ± 8.0 mas/yr, m

d
 = 1447.0 ± 8.0 mas/yr. Flare 

activity on HR 753B was predicted by Pettersen (1975) and remarked on by 
Petit  (1980). Johnson’s (1963) V magnitude differed from a V magnitude by 
Weistrop (1977) by 0.1 magnitude. Their (B–V) color index agreed well within 
their errors. The variability of HR 753B was announced by Weis (1994). The 
AAVSO database indicates a magnitude range 11.64 < V < 11.68.
  It is interesting that Johnson retained HR 753B in his final publication of 
the UBV system (Johnson 1963), and not HR 753A. The latter appears to be 
constant in light, whereas HR 753B is not. Evidently Johnson’s photometry did 
not convincingly show what is now known from the literature as a variation of 
a few percent for HR 753B through the V filter. The two stars appear in Giclas 
et al. (1961) as G 73-70 and G 73-71, with a separation of 2.8 arc minutes, and 
identified as a common proper motion pair. The stars’ UCAC4 proper motions 
confirm that they are a common proper motion pair.
  g Tauri:  54  Tau,  BD+15  612,  HD  27371,  CCDM  J04198+1538AB, 
CSV 102439,  NSV  1553,  plus  many  names  in  SIMBAD.  g Tau  is  a  double 
star whose components were separated by 0.4 arcsecond in position angle 179 
degrees in 1979 (Dommanget and Nys (2002). Johnson and Harris (1954) were 
the first to identify the variability of the brighter component, g Tau, of about 0.1 
magnitude. The AAVSO archive indicates a range in V of 3.60–3.67 magnitudes.
  d Tauri:  61  Tau,  BD+17  712A,  HD  27697,  CCDM  J04229+1733A, 
CSV 102443, NSV 1582, plus many names in SIMBAD. d Tau is a double star, 
the brighter  component  at V = 3.76,  and  the  fainter  at V = 12.6 magnitude. 
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The  two  stars  were  separated  by  106.6  arcseconds,  with  a  position  angle  of 
341 degrees in 1909. Johnson and Harris (1954) were the first to identify the 
variability  of  the  brighter  component,  d Tau,  of  about  0.1  magnitude.  The 
AAVSO archive indicates a range in V of 3.72–3.77 magnitudes.
  a Lyrae:  Vega,  HR  7001,  HD  172167,  CSV  101745,  NSV  11128,  plus 
many more names via SIMBAD. a Lyr initially was reported as a variable star 
by  Guthnick  and  Prager  (1915),  of  the  “d  Cephei-type.”  No  individual  data 
points were provided, other than to say that the amplitude of light variation was 
“on average” 0.04 magnitude, and that the period was short. Further note of the 
discovery appeared in the annual report of the Berlin-Babelsberg Observatory 
for  1915  (Struve  1916)  and  in  Guthnick  and  Prager  (1918).  Photoelectric 
data were published by Johnson (Johnson et al. 1966) which indicated a total 
variation through the V filter of 0.129 magnitude. A periodic variation of 0.19 
day  in  the  radial  velocity  of a Lyr  was  reported  by  Belopolsky  (1931),  and 
was confirmed by Beardsley and Zizka (1980). The variation also was noted 
in Breger (1979). Note, though, that Neubauer and Farnsworth (1935) disputed 
the reported radial velocity variation.

3. The tables

  Tables 1 and 2 contain the 104 UBV standard stars as published in a final 
form (Johnson 1963). Table 1 contains the ten primary UBV standard stars, and 
Table 2 lists the remaining original UBV standard stars, for a total of 104 stars. 
Information describing the many acronyms identifying a given star and the star 
catalogues in which useful information appears is provided in Appendix 1.
  The  first  column  in  each  table  gives  the  star’s  HD  number,  while  the 
second column provides  the  star’s name by constellation, or HR, or BD, or 
Flamsteed number. Column three lists the star name from the UCAC4 catalogue 
(Zacharias  et  al.  2013).  The  fourth  column  provides  a  NSV  identification 
(Kholopov  et  al.  1982)  for  stars  suspected  of  variability.  Columns  five  and 
six contain the Johnson V magnitude and B–V color index taken from Tables 
1 and 2 (Johnson 1963). Columns seven and eight contain the J2000.0 right 
ascension and declinations from the UCAC4 catalogue (Zacharias et al. 2013), 
followed by columns nine through twelve which provide the proper motions 
and  their  errors  in  milli-arcseconds  per  year,  also  taken  from  the  UCAC4 
catlaogue. The  last  column  indicates  the presence of a  footnote  to  the  table 
containing a literature reference and/or additional comments pertaining to the 
star. The UCAC4 coordinates are the most recent highly accurate coordinates. 
A considerable number of  these bright  stars have  large proper motions, and 
hence  the proper motions given  in columns nine  through  twelve will  aid  in 
centering these stars’ positions for observing purposes.
  The  author  went  star  by  star  through  the  tables,  looking  at  each  star’s 
record  in  SIMBAD,  in  the  AAVSO’s  VSX  database,  and  elsewhere  in  the 
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literature, to determine whether there was information about that star’s possible 
variability. The last columnn in both tables provides, via the footnotes for the 
tables,  literature and variability information, the latter primarily via the NSV 
identification. One star, HD 47105, g Gem, is listed as a spectroscopic binary, 
but nothing was found regarding its possible variability.
  Eight  of  the  ten  primary  UBV  standard  stars  in  Table  1  are  variable. 
Seventy-five  of  the  ninety-four  UBV  standard  stars  in  Table  2  are  variable. 
Hence, there are eighty-three variable stars among the 104 stars which define 
the UBV photometric standard star system. To put it another way, 80% of the 
stars which define the UBV photometric system now are known to be, or are 
suspected of being, variable in light.

4. A call for observations

  The defining stars of the UBV photometric system are bright. Therefore, 
essentially only amateur astronomers have the equipment available to monitor 
these stars without saturating the  images. Since modern light curves are not 
available, and in many instances light curves may not exist at all, here is an 
opportunity for careful observers to observe, preferably with a V filter, these 
variable  and  suspected  stars  over  a  time  interval  sufficiently  long  to  obtain 
definitive  light  curves. Any observational  effort  for  a given  star  should  last 
long  enough  to  thoroughly  define  the  light  curve,  complete  with  a  period 
(unless it becomes obvious that the star possesses non-periodic behavior). The 
observer’s goal should be to reach both a precision and an accuracy of 0.001 
magnitude  in order  to best understand  these  low amplitude variable stars.  It 
must be emphasized that an undertaking of a study of these stars presupposes 
the  greatest  possible  care  and  skill  by  the  observer,  for  the  suspected  light 
variations  are  small,  nearing  the  level  of  detectability,  from  ground-based 
observatories. Such attention to detail means that the observer must account 
for  extinction  effects,  properly  transform  the  data,  and  so  on.  Finally,  the 
observer needs to be cognizant that variations are “suspected,” remaining to 
be convincingly proven.
  As the observer prepares to observe these stars, it is good to recall that the 
AAVSO’s International Variable Star Index (VSX) database (www.aavso.org/
vsx) is an excellent starting place for a wealth of information for these and other 
variable stars. The VSX database indicates the range in magnitude for many of 
the known or suspected variable stars, although the source of the information 
is not always clear. Tables 1 and 2 herein list the V magnitude and the (B–V) 
color index as aids in planning an observational program. Spectral types and the 
range in the known or suspected light variation is given in the footnotes. This 
information came from the VSX database, or from SIMBAD, if missing in the 
VSX database. The SIMBAD Astronomical Database (www.simbad.u-strasbg.
fr/simbad) leads one to the majority of the modern literature for a given star. 
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Interpretation of one’s data can be aided through reference to books, ordered 
by date of publication, such as those by Sterken and Jaschek (1996), Warner 
(2006),  and  Percy  (2007). An  explanation  of  the  spectral  type  nomenclature 
may be found in Drilling and Landolt (1999).
  It  is  to  be  noted  that  the  MOST  Microsatellite  (Microvariability  and 
Oscillations of STars) already has provided exquisite data for several of these 
stars (http://www.utias-sfl.net/microsatellites/MOST/)!
  An  obvious  place  to  publish  these  definitive  light  curves,  including 
the  individual  data  points  together  with  the  heliocentric  Julian  Day  for  the 
observation(s)—such  complete  publication  a  highly  desired  must—is  in  the 
Journal of the American Association of Variable Star Observers (JAAVSO)!

5. Summary

  This paper has shown that the majority of the original 104 UBV standard 
stars,  80  percent,  either  are  known  or  suspected  variable  stars.  The  vast 
majority of  these stars are very bright, many visible  to  the naked eye. Few 
modern observers have the capability of observing such bright stars, but most 
AAVSO observers do have such capabilities. Very, very careful and accurate 
light  curves,  appropriately  defined  by  a  Johnson V  filter,  at  the  minimum, 
are  achievable  by AAVSO  observers.  Such  accurate  and  long-term  studies 
of the light variations of these important stars would be of great value to the 
astronomical community.
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Appendix A: Notes on stellar nomenclature

  Most of the stars in Tables 1 and 2 have additional identifications. Therefore 
a  description  follows  next  of  the  stellar  nomenclature  which  the  reader  will 
encounter.  These  different  star  naming  systems  and  catalogues  are  given  in 
alphabetical order.
  2MASS: The 2 Micron All-Sky Survey (Skrutskie et al. 2006) is a survey of 
the sky in the near-infrared. There is an online catalogue, VizieR, II/246, Cutri, 
et al. (2003).
  ADS: An Aitken double star (Aitken 1932).
  BD:  The  Bonner  Durchmusterung  is  a  multiple-volume  star  catalogue 
published between 1852 and 1859 by F. W. A. Argelander, A. Krüger, and E. 
Schönfeld (1859, 1861, 1862). It is a visual survey of stars in declination zones 
from +90  to –01 Degrees. The Sudliche Bonner Durchmusterung  covers  the 
declination range from –02 to –22 degrees (Schönfeld 1886).
  CCDM:  A  catalogue  of  the  components  of  double  and  multiple  stars 
by  J.  Dommanget  and  Nys  (1994;  online  version,  CDS  Catalogue  I/211),  
first edition.
  CSV: An acronym used  for  stars  in  the Catalogue of Suspected Variable 
Stars (Kukarkin et al. (1951) and in the Second Catalogue of Suspected Variable 
Stars (Kukarkin et al. 1965).
  G and GD: Proper motion stars published by Giclas and colleagues in the 
Lowell  Observatory  Bulletins  (Giclas  et  al.  1971)—Northern  Hemisphere, 
the G numbered stars; Giclas et al. (1978)—Southern Hemisphere Catalogue; 
Giclas  et  al.  (1980)—Summary  catalogue  of  the  GD  and  GR  stars.  This 
latter  group  contained  very  blue  (GD)  or  very  red  (GR)  stars  of  little  or  no  
proper motion.
  GD: A list of white dwarf suspects compiled by Giclas and colleagues in 
Lowell Observatory Bulletins (Giclas, Burnham, and Thomas, 1980).
  GJ: The nomenclature GJ pertains to stars in the Gliese and Jahreiss (1979) 
catalogue of nearby stars.
  HD:  The  Henry  Draper  Catalogue  was  published  in  the  Annals  of  the 
Harvard College Observatory, vols. 91–99 in the time interval 1918–1924.
  IDS: The Index Catalogue of Double Stars was published in 1963 (Jeffers, 
van den Bos, and Greeby 1963).
  Luyten  devised  several numbering  systems  for  the white dwarf  and high 
proper motion stars that he discovered (Luyten 1963, 1976).
  NLTT: The New Luyten Two Tenths Catalogue (Luyten, 1979a,b,c; 1980a,b; 
Luyten and Hughes 1980); includes stars in the LTT from Luyten publications 
in the 1954–1969 era.
  NSV: The NSV terminology began with the New Catalogue of Suspected 
Variable Stars (Kholopov et al. 1982). One can now most easily access variable 
and suspected variable star information by entering the Sternberg Astronomical 
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Institute’s  web  page,  clicking  on  the  “GCVS  Research  Group”  (General 
Catalogue of Variable Stars), and then going to the appropriate catalogue; see 
http://www.sai.msu.su.
  Ross: The Ross stars numbers arise from a series of papers in the Astronomical 
Journal by F. E. Ross on high proper motion stars. The papers appeared in the 
time interval 1925–1939.
  UCAC4: A catalogue of accurate coordinates and proper motions for stars 
around the sky (Zacharias et al. 2103). The photometry is by the AAVSO, on its 
APASS photometric system.
  VSX: The American Association of Variable Star Observers’ International 
Variable Star Index (Watson, Henden, and Price 2013).
  Wolf:  Wolf  star  numbers  are  stars  catalogued  by  M.  Wolf  in  his  studies 
of  high  proper  motion  stars.  These  papers  appeared  in  the  Astronomische 
Nachrichten in the time interval 1919–1931.


