340L

FIOO2AT.C 2 T03- =

THE ASTRONOMICAL JOURNAL

VOLUME 104, NUMBER 1

JULY 1992

UBVRI PHOTOMETRIC STANDARD STARS IN THE MAGNITUDE RANGE 11.5< ¥V <16.0
AROUND THE CELESTIAL EQUATOR'

ARLO U. LANDOLT?

Louisiana State University Observatory, Baton Rouge, Louisiana 70803-4001
Received 7 January 1992; revised 6 March 1992

ABSTRACT

UBVRI photoelectric observations have been made on the Johnson-Kron-Cousins photometric system
of 526 stars centered on the celestial equator. The program stars within a 298 number subset have
sufficient measures so that they are capable of providing, for telescopes of intermediate and large size in
both hemispheres, an internally consistent homogeneous broadband standard photometric system
around the sky. The stars average 29 measures each on 19 nights. The majority of the stars in this paper
fall in the magnitude range 11.5 < ¥ < 16.0, and in the color range —0.3 < (B—V¥) < +2.3.

1. INTRODUCTION

An internally consistent and homogeneous list of stan-
dard stars on the Johnson-Kron-Cousins broadband
UBVRI photometric system was published several years
ago (Landolt 1983). These stars easily enabled one to stan-
dardize broadband photometric data obtained at all but the
largest telescopes. Their location in a narrow band cen-
tered on the celestial equator made them accessible to tele-
scopes in both hemispheres. A bit of history regarding this
photometric system has been recounted in Landolt (1983),
and will not be repeated.

2. THE PROGRAM

The photometric results in this paper represent the sec-
ond part of the three stage effort to provide UBVRI pho-
toelectric photometric standard stars in the magnitude
range 7 < ¥ <21 over as broad a range in color as possible.
The stars that have been observed are located in a band
centered on the celestial equator. The candidate stars were
chosen from several sources. The brighter candidates were
taken from Landolt (1973), where it was merely a matter
of adding RI values to the already known UBV character-
istics of the stars. An effort was made to identify candidate
standard stars through a photographic program in the ce-
lestial equatorial Selected Areas, for initially it was the goal
to establish standard star sequences evenly distributed
around the sky. Photographic plates were obtained
through an appropriate combination of emulsion types and
UBVR filters at the Yale 1.0 m telescope at CTIO. These
plates then were irisphotometered, and pseudo color—
magnitude diagrams were plotted. The goal was to identify
stars of extreme red and blue colors in this manner, those
stars then becoming candidates to be made into standard
stars. This technique turned out to be a painfully slow
time-consuming process which in the end turned up few

!Contribution of the Louisiana State University Observatory No. 230.
zVisiting Astronomer, Cerro Tololo Inter-American Observatory, which
is operated by the Association of Universities for Research in Astronomy,
Inc., under contract with the National Science Foundation.

340 Astron. J. 104 (1), July 1992

0004-6256,/92/070340-32$00.90

potential candidates. For one thing, there just are not
many very red or blue stars in most of the Selected Areas
that were studied, at least to the approximately 16-17th
magnitude limit searched. Additional candidate stars,
then, were selected from the literature; for example, several
stars from the galactic anticenter study by Rubin et al
(1974) were considered, as were selected stars from the
Giclas lists in various issues of the Lowell Observatory
Bulletins. Several blue stars from the Palomar-Green sur-
vey (Green et al. 1986) were observed and eventually
made into standard stars. All these observational data have
been tied into the UBVRI standard stars published by
Landolt (1983).

The third stage of this standard star project will provide
UBVRI photometric standards roughly in the magnitude
range 14.5 < ¥V <21.0 (Landolt et al. 1993).

The data obtained for this stage of the standard star
project came from the Cerro Tololo Inter-American Ob-
servatory (CTIO)’s 1.5 m telescope. Acceptable data were
obtained on all or parts of 145 nights of the 211 nights
scheduled in the time interval 1977 September through
1991 February. Hence, something more than 60%: of the
hours scheduled for this project were photometric. A small
amount of data were obtained at the CTIO 4.0 m telescope;
however, due to weather problems, the quality of those
data in general was such that they were not included
herein.

The majority of these broadband photometric observa-
tions were made with RCA 31034A photomultipliers,
which have GaAs photocathodes. This type detector was
used in a pulse-counting mode. The photomultipliers avail-
able to observers at CTIO are operated at voltages recom-
mended by the CTIO staff, in this case, usually at minus
1600 V. The same RCA 31034A was used from the begin-
ning of the program at each observing session to minimize
yet another variable in the data collecting process. This
happy circumstance came to an end in 1987 January when
RCA 31034A, serial No. N49701, in cold box No. 59, lost
much of its sensitivity and its counting rate became erratic.
A switch was made to RCA 31034A, serial No. $17594 in
cold box No. 60, but that photomultiplier also suffered a
loss of sensitivity in 1987 September. Subsequent to 1987
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September, all data have been obtained with a Hamamatsu
R943-02 photomultiplier, serial No. EA 1450, also possess-
ing a GaAs photocathode, in cold box No. 71. All data
obtained over the years have been recorded through use of
the People’s Photometry program, and were recorded on
magnetic tape. All data reductions have been undertaken
at the IBM 3084 and 3090 main frame computers at the
Louisiana State University System Network Computer
Center.

On the order of 20-25 standard stars chosen from
Landolt (1983) were observed each night together with the
program stars. UBVRI standard stars, four or five to a
group, were observed periodically throughout the night.
The stars in each group encompassed as wide a color range
as possible. Every attempt was made to observe the stan-
dard stars over as great an airmass range as that in which
the program stars were observed. Most of the program star
observations were obtained at less than about 1.6 air-
masses.

Following long term practice by the author, the data
for each star were obtained in a series of measures
VBURIIRUBY star plus sky, followed by VBURI sky mea-
sures. A diaphragm aperture of 14 s of arc diameter was
used on all but a few nights of excellent seeing. On those
few nights a 10.0 s of arc diameter diaphragm was utilized.
(Observers should remember that if they change dia-
phragms during the night, they also need to observe stan-
dard stars for that night for each diaphragm size used. The
different diaphragm sizes give rise to different transforma-
tion coefficients since the wings of scattered light around a
star image are not necessarily the same color as the star
itself.) The integration or counting time depended upon
the faintness of a particular star; the counting time never
was less than ten seconds per filter. The precepts of Schulte
& Crawford (1961) were followed in the reduction pro-
cess.

Extinction information was acquired nightly, whenever
possible, through use of the standard stars. A triplet of
stars, red, yellow, and blue, were followed to approxi-
mately 2.2 airmasses. Atmospheric conditions have been
too variable in recent years to permit use of mean extinc-
tion coefficients, if ever that technique were applicable.
Two recent events which contributed to the instability of
the atmosphere above CTIO have been the El Nino
weather cycle and the eruption of the volcano El Chichon
in 1982 in Mexico. The latter eventually contributed beau-
tiful and colorful sunsets together with somewhat unstable
photometric conditions for some months. The average ex-
tinction coefficients found over the last 13 yr during which
these data were recorded are presented in Table 1. The
final column in the table gives the range of the extinction
values that were observed. Those data should give one
pause when he/she contemplates the use of mean extinc-
tion coefficients. ,

The data acquisition clock in the computer provided the
time at which each photometric measurement was made
through each filter for each star. The final reduction com-
puter printout listed the magnitude and color indice resid-
uals for each of the standard stars. Thus, it was possible to
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TABLE 1. Extinction at Cerro Tololo.

Magnitude or Coefficient Average coefficient Range in coefficient
color index symbol value values

v Qy +0.152 +0.099 to +0.250

B-V K +0.124 +0.074 10 +0.184

ko -0.023 -0.046 to +0.013

U-B k3 +0.315 +0.251 to +0.448

ks -0.022 -0.080 to +0.057

V-R ks +0.044 +0.007 t0 +0.084
+0.007 -0.013 to +0.021

R-I k7 +0.045 +0.002 to +0.078

kg -0.006 -0.024 to +0.021

V-1 ko +0.091 +0.040 to +0.141

k10 +0.003 -0.011 to +0.017

plot the residuals in the V¥ magnitude and the different
color indices for each standard star against Universal Time
for a given night. Hence, one was able to determine small
corrections which could be applied to all program star
measures. These corrections usually were less than a few
hundredths of a magnitude. Corrections such as these take
into account small changes in both instrumental and atmo-
spheric conditions. The appropriateness of this kind of cor-
rection is evidenced by the improvement in the accuracy of
the final results.

The circumstances surrounding the choice of filters used
to transform these data onto the UBV system defined by
Landolt (1973) and the RI system defined by Cousins
(1976) are described in Landolt (1983). Tables II and II1
in Landolt (1983) provide the filter combinations that
have been used at the telescope throughout this program.
As indicated therein, the author is indebted to Dr. John A.
Graham for his work in defining the filter combinations.

The data obtained on observing runs in 1977 September
and 1978 January used the filters described in Table II
(Landolt 1983). All subsequent data have been obtained
with the filters defined in Table III (Landolt 1983). Inter-
comparison of standard stars used in both filter-defined
datasets indicated a small difference in the magnitudes and
color indices resulting from measures made with the two
filter sets. The following linear relations were derived from
the above intercomparison of the two different filter sets,
where the errors of the coefficients here and under similar
circumstances throughout this paper are mean errors:

(B—V)gpa= —0.00631+ 1.00004(B— V) 1,
+£0.00475+0.00539,

(U—B) 3pq= —0.00785+0.99546 (U~ B) 1,
+0.00605 +0.00724,

V2nd = V151+ 0.00026 —0.00587 (B — V) 2nd
+0.00358 0.00406,

(V' —R) 3ng= +0.00230+0.99642 (¥ — R) 1,
+0.00244 = 0.00490,

(R—1I)3pq=—0.00255-+0.99599 (R —TI) 1,
+0.00278 0.00606,

(V—1T)3pq=+0.00182-+0.99519( ¥ —TI) 1
+0.00348 +0.00356.
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The “Ist” subscript reflects the filters in Table II and the
“2nd” subscript reflects the filters in Table III, both in
Landolt (1983). Figures 1-6 illustrate these intercompar-
isons. The delta quantities on the ordinate in each figure
are the color indices obtained with filter set one minus the
corresponding color indices obtained with filter set two.
These delta quantities were then plotted as a function of
the appropriate color index obtained via filter set two.
Once the above relations were applied, then, the data ob-
tained in 1977 September and 1978 January all were on the
system defined by the filters in Table III (Landolt 1983).

The standard star magnitudes and color indices that
have been published (Landolt 1983) all have a lineage
which can be traced to Johnson’s (1963) work on the orig-
inal UBV photometric system (Johnson & Morgan 1953;
Morgan 1988), which system was defined through use of a
RCA 1P21 photomultiplier. Landolt (1983) illustrated
that transformations between UBV data obtained with a
1P21 (a S-4 photocathode) and a RCA 31034A (a GaAs
[III-V] photocathode) were nonlinear.

Since the instrumental setup herein was identical to that
used in the 1983 paper, with the exception of the telescope,
one had to investigate, derive, and apply nonlinear trans-
formation relations for the data for the stars of intermedi-
ate brightness in the current program as well. Figures 7-12
illustrate the situation. In each case, the delta quantities on
the ordinate are in the sense data from this program minus
corresponding color indices from Landolt (1983). The
stars used for these intercomparisons were a subset of 81
standard stars from Landolt (1983) which had been used
throughout the observing sessions.

The nonlinearities are apparent in the figures. Inspec-
tion of each figure allowed the nonlinear “breakpoints” to
be chosen. They are indicated below in association with the
appropriate nonlinear transformation relation, which rela-
tion was derived by least squares from the data appearing
in Figs. 7-9.

The nonlinear transformation relations, then, had the
form,
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FI1G. 1. A comparison of the ¥ magnitude as determined with filter set one
as a function of filter set two’s (B—¥) color index.
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FIG. 2. A comparison of the (B— V) color index as determined with filter
set one as a function of filter set two’s (B— V) color index.
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FIG. 3. A comparison of the (U— B) color index as determined with filter
set one as a function of filter set two’s (U— B) color index.
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FIG. 4. A comparison of the (¥ —R) color index as determined with filter
set one as a function of filter set two’s (¥ —R) color index.
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FIG. 5. A comparison of the (R—1I) color index as determined with filter FIG. 8. A comparison of the (B— ¥) color index as obtained with serial
set one as a function of filter set two’s (R—1) color index. No. N49701 RCA 31034A as a function of Landolt’s (1983) standard
star (B— V) color index.
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FIG. 9. A comparison of the (U— B) color index as obtained with serial
No. N49701 RCA 31034A as a function of Landolt’s (1983) standard
star (U—B) color index.

FI1G. 6. A comparison of the (¥ —1I) color index as determined with filter
set one as a function of filter set two’s (¥ —1I) color index.
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FIG. 7. A comparison of the ¥ magnitude as obtained with serial No. FIG. 10. A comparison of the (¥ —R) color index as obtained with serial
N49701 RCA 31034A as a function of Landolt’s (1983) standard star No. N49701 RCA 31034A as a function of Landolt’s (1983) standard
(B—V) color index. star (¥ —R) color index.
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FIG. 11. A comparison of the (R—1) color index as obtained with serial
No. N49701 RCA 31034A as a function of Landolt’s (1983) standard
star (R—1T) color index.

(B— V)corr=
+0.00144+1.05416(B— V) g5
+0.00204+=0.01236;

(B—V)<+0.1,

(B—=V)eorr=
+0.0092340.99676(B— V') o,
+0.00173 +£0.00360;

+0.1<(B—V) < +0.8,

(B—P)eonr=
+0.00830-+0.99124(B— V) g,
+0.00414+0.00326;

(B—V) > +0.8,

V corr=Vops +0.00048 —0.00082 (B— V) corr

+0.00063 +=0.00075;
8L
=
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FIG. 12. A comparison of the (¥'—1) color index as obtained with serial
No. N49701 RCA 31034A as a function of Landolt’s (1983) standard
star (¥ —1I) color index.
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(U_-B)corr=
—0.0411640.93072(U—B)
+0.01032+£0.01211;

(U-B) <—-0.2,

( U—B)cor=
—0.02729+1.02378(U—B) o,
+0.00222£0.01261;

—0.2<(U—B) < +0.6,

( U“‘B)corr:=
—0.01407 4 1.02328 (U — B) g5
+0.00711+0.00521,

(U—B)> +0.6.

Similar relations for (¥ —R), (R—I), and (V—1I) all
had zero points and slopes essentially zero and one, respec-
tively, as one can see from Figs. 10-12. Hence, it was not
necessary to apply such relations for the R and I color
indices.

Once the above nonlinear transformation relations were
applied to all the RCA-based data in the current program,
those data were on the broadband UBVRI photometric
system defined by the standard stars in Landolt (1983).

An additional step remained before the entire data set
for all 145 nights could be said to be on the same photo-
metric system. Recall above that the RCA 31034A photo-
multiplier ceased to be useful, and that the data for the
latter portion of the program were obtained with a Hama-
matsu photomultiplier. Figures 13-18 compare magni-
tudes and color indices of the standard stars used in this
program as obtained with the Hamamatsu photomultiplier
and the data for those same stars obtained via the RCA
31034A photomultiplier which already had been trans-
formed (above) to the photometric system as defined by
Landolt (1983). Perusal of the data via Figs. 13-18 indi-
cated that differences between the data as obtained with the
Hamamatsu and with the RCA transformed data did exist.
Actually, such differences were to be expected since the
RCA transformed data were on the system of Landolt

av
o
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e
#
H

-0.05

(8-v)

FIG. 13. A comparison of the ¥ magnitudes obtained with the Hama-
matsu R943-02 as a function of the transformed RCA (B—V¥) color
index data.
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FIG. 14. A comparison of the (B— V) color indices obtained with the FIG. 17. A comparison of the (R—1I) color indices obtained with the
Hamamatsu R943-02 as a function of the transformed RCA (B—V) Hamamatsu R943-02 as a function of the transformed RCA (R —1) color
color index data. index data.

(1983), an 1P21 ancestoral system. The plots described
above were used to help determine whether or not the
transformations were linear.

The linear regression relations which accomplished the
transformation of the Hamamatsu-based data onto the
1983 system for this program’s stars were then found to be

a1 ]
&
) (B—-V) sys =
g L ) L. —0.00030+1.05966(B—¥)pam (B—V)<+0.1,
il | +0.00231+0.01375;
. A , ' . (B-V) sys—
-1 [ 1 2 3
(u-B) +0.00940+0.99453(B— ¥ ) nam +0.1<(B-V) < +0.8,
+ + :
FIG. 15. A comparison of the (U—B) color indices obtained with the 0.00182+0.00381;
Hamamatsu R943-02 as a function of the transformed RCA (U—B)
color index data.
go SRR S bt 1 gc L e e 1# . . ]
ll) 015 ‘1 115 2 -—0“5 (‘J Of5 ; 115 é 2j5 3
(V-R) (v-1)

FIG. 16. A comparison of the (V—R) color indices obtained with the F1G. 18. A comparison of the (¥—1I) color indices obtained with the
Hamamatsu R943-02 as a function of the transformed RCA (¥ —R) Hamamatsu R943-02 as a function of the transformed RCA (¥ —1T) color
color index data. index data.
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(B—V)yys=
+0.014664-0.98623 (B— V) pam
+0.00448 + 0.00338;

(B—V)>+038,

Veys= Vham+0.00058 —0.00073(B— V) s
0.00088 0.00104;

( U—B)sys=
—0.0385740.92527(U—B) pam
+0.00621+0.00716;

(U—-B)<—-0.2,

(U—B)yys=
—0.02406 4 1.02597 (U — B) pam
+0.00292 + 0.00300;

(U-B)>—-0.2,

(V=R) = +0.00083+0.99771 (¥ —R) pam
£0.00059 0.00126;

(R—1)gys=

—0.00151+0.99558 (R — 1) pam
+0.00124 £0.00972;

(R-I) < +0.2,

(R —I)sysz
+0.00220+0.99643 (R — 1) pam
+0.00271+0.00573;

+02<(R-1)<+0.7,

(R—1I)gy=
—0.00667 +1.00101 (R —I) pam
+£0.01063£0.01215;

(R—1)> +0.7,

( V_I)sys=
—0.00055+ 1.00096(¥ — 1) parm
+0.00125+0.00520;

(V—I) <+04,

( V_'I)sys=
+0.00783+0.99109( ¥V —I)pam
+0.00404 +=0.00509;

+04<(V-I)<+1.2,

(V—1)gye=
—0.00111+0.99789 (¥ — 1) 1am
+0.005120.00338,

(V—-1)>+12.

The immediately above set of transformation relations
then were applied to all Hamamatsu-based photometric
data. Once done, all the individual measures obtained over
the years with the two brands of photomultiplier were av-
eraged together, weighted by the integration times. All
magnitudes and color indices then were on the photometric
system as defined by Landolt (1983).

Figures 19-24 show that the nonlinear transformation
effects have been taken into account successfully, and that
the data in this paper, as illustrated through the 81 object
standard star subset, have been transformed to the photo-
metric system defined in Landolt (1983). (Variable stars
have been omitted from these figures.)
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FIG. 19. A comparison of the ¥ magnitude for the 81 standard star subset
after all nonlinearity and transformation relations have been applied, as a
function of Landolt’s (1983) equatorial standard star’s (B— V) color
index.

0.05
T
o3
B
L

A(B-V)
0

—-0.05
T

(B-v)

F1G. 20. A comparison of the (B— V') color index for the 81 standard star
subset after all nonlinearity and transformation relations have been ap-
plied, as a function of Landolt’s (1983) equatorial standard star’s.(B—¥)
color index.

0.05
T

A(U-B)
0
Ly

-0.05
T

= o i z 3
(u-B)

FIG. 21. A comparison of the (U— B) color index for the 81 standard star

subset after all nonlinearity and transformation relations have been ap-

plied, as a function of Landolt’s (1983) equatorial standard star’s (U
— B) color index.
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FIG. 22. A comparison of the (¥ —R) color index for the 81 standard star
subset after all nonlinearity and transformation relations have been ap-
plied, as a function of Landolt’s (1983) equatorial standard star’s (V
—R) color index.
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FIG. 23. A comparison of the (R—1I) color index for the 81 standard star
subset after all nonlinearity and transformation relations have been ap-
plied, as a function of Landolt’s (1983) equatorial standard star’s (R—1I)
color index.
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FIG. 24. A comparison of the (¥ —1I) color index for the 81 standard star
subset after all nonlinearity and transformation relations have been ap-
plied, as a function of Landolt’s (1983) equatorial standard star’s (¥ —1)
color index.
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3. DISCUSSION

Table 2 contains the final magnitudes and color indices
for the 526 stars near the celestial equator that comprise
the current standard star program. The star identifications
have been taken from the Feige (1958, 1959) lists of blue
stars, the Giclas stars in several Lowell Observatory Bul-
letins, the Palomar-Green (PG) stars from Green et al
(1986), and from the Harvard Annals, Vol. 101 (Durch-
musterung of Selected Areas). The program stars in this
paper are identified in Plates 21-76.

Mention should be made of a closely spaced group of
stars which the author came upon by accident. By virtue of
their position on the sky, they happen to be the first six
stars in Table 2. They derive their name from their prox-
imity to the variable star T Phoenicis. Their faintness, their
broad range in color, and the small area of the sky which
they occupy means that they will easily fit within the con-
fines of most CCD chips currently in use. Unfortunately,
they are only of use in the southern hemisphere. One of
them, labeled TPHE B in Table 2 and found to be variable,
was located in the literature (Dartayet 1929) as the al-
ready known 5.4129 day eclipsing binary RW Phe.

The coordinates for the stars in Table 2 have been pre-
cessed to the 2000.0 equinox using rigorous formulas
which include the effect of proper motion. [See the Explan-
atory Supplement to the Astronomical Ephemeris and the
American Ephemeris and Nautical Almanac (1961), p. 30
for the appropriate Besselian formulas. One programming
scenario may be found in Jones (1978). Appropriate Julian
Ephemeris Day formulas may be found in Lieske (1979).]
The stars in Table 2 have been ordered by precessed right
ascension; hence some of the Selected Area star numbers
may be out of numerical order.

The coordinates in Table 2 have been adjusted for the
effect of proper motion, where necessary. Table 3 contains
proper motion information for the stars in Table 2 which
have appreciable proper motion. The star name is given in
the first column. The second and third columns, respec-
tively, include the total proper motion in seconds of arc per
year and the direction of motion in degrees. The fourth
column gives the proper motion in right ascension in sec-
onds of time per year. Columns five and six provide the
proper motion in right ascension and declination, respec-
tively, in seconds of arc per year. The last column refer-
ences the literature source of the proper motion informa-
tion. If the proper motion taken from the literature already
was in seconds of arc per year, that value was tabulated in
Table 3 in the last two columns. If the proper motion
retrieved from the literature was the total proper motion
and the direction of that motion, i.e., u and 6, then u;, uy,
and pj arc were calculated by the relations

o= sin 0 sec 8,
s, =pl (15 cos 8) 71,
s = cos O,

where 11, is the proper motion in right ascension in seconds
of arc, u}, is the proper motion in right ascension in sec-
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TABLE 3. Proper motion information.

Star m q [T Ha Hs Ref.
F1l +0.001 +0.020 -0.027 1
F 16 +0.001 +0.019 -0.009 1
G333 2.0819 148.6 +0.076 +1.111 -1.777 2
F22 +0.006 +0.095 -0.019 1
F24 +0.006 +0.083 +0.010 1
GD 50 0.15: 170 +0.002 +0.026 0.148 3,4
G97 42 0.81 195 -0.014 0.212 0.782 5
G10222 2.53 129 +0.137 +2.012 1.592 5
GD71 0.21 120 +0.013 +0.189 0.106 6
122918 0.731 85 +0.051 +0.748 +0.064 7
GD 108 0.05: 270: -0.003 -0.050 0.000 3,4
G162 66 0.31 258 -0.021 -0.309 -0.064 8
G44 27 0.67 284 -0.044 -0.653 +0.162 5
G163 6 0.29 265 -0.019 0.289 -0.025 5
G44 40 1.20 228 -0.060 -0.899 -0.803 5
G45 20 4.73 235 -0.262 -3.905 2713 5
G16327 0.7952 275.4 0.054 -0.798 +0.075 2
G163 50 0.43 185 -0.003 -0.038 -0.428 8
G163 51 0.43 185 -0.003 -0.038 -0.428 8
G10 50 1.34 152 +0.042 +0.629 1.183 5
G1243 1.70 278 -0.115 -1.705 +0.237 5
Gl14 55 0.50 160 +0.011 +0.171 -0.470 8
G153 41 0.27 228 -0.014 -0.208 -0.181 8
G138 25 1.23 174 +0.009 +0.133 -1.223 5
124523 1.175 183 -0.004 -0.063 -1.173 7
Wolf 629 1.19 223 -0.055 -0.820 -0.870 7
-44226 1.461 219 -0.062 -0.923 -1.135 7
G21 15 0.3766 222.5 0.017 0.255 -0.278 2
Wolf 918 2.096 160 +0.050 +0.737 -1.970 6
G267 1.15 91 +0.079 +1.168 -0.020 8
G93 48 0.2675 1823 -0.001 -0.011 -0.267 2
G156 31 3.29 45 +0.167 42412 +2.326 8
GD 246 0.128 95 +0.009 +0.130 -0.011 9
F 108 -0.001 -0.015 -0.011 1
G156 57 1.22 124 +0.072 +1.044 -0.682 8

References to TABLE 3
(1) Luyten (1959).
(2) Harrington & Dahn (1980).
(3) Giclas ez al. (1965).
(4) Turnshek et al. (1989).
(5) Giclas et al. (1971).
(6) Luyten (1970).
(7) Luyten (1980).
(8) Giclas et al. (1978).
(9) Luyten (1963).

onds of time, and pj is the proper motion in declination in
seconds of arc, all per year.

The 2000 equinox coordinates for all proper motion
stars in Table 2 herein, and which appeared in the HST
lists (Turnshek ez al. 1989), were taken directly from the
HST lists. The remaining proper motion stars listed in
Table 3 herein were located in the Guide Star Catalogue via
information from Golombek & Lasker (1991) and Lasker
et al. (1990). The epoch of the plates from which the
proper motion 2000 positions were derived were found in
the Lasker et al. (1990) Table 3. One then could calculate
the time between the plate epochs and the year 2000, fol-
lowed by multiplying that time interval by each proper
motion vector to effectively take the proper motion into
account. The coordinates for the proper motion stars in
Table 2 in this paper, then, have been corrected for proper
motion.

Less accurate precession equations usable over short
time intervals of a few years are,

. T B
a=a;+7(m+nsina; tan §;) *3600 \ 15 cos 3’

r
6=208,+7n cos a1+%,ug,
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where 7 is the time interval in years, and m and n are
precessional constants (see The Astronomical Almanac for
1991, page B 19, for instance).

Proper motions have been published for many of the
Selected Areas’ stars by Knox—Shaw and Barrett (1934),
but have not been applied here because they are quite
small.

Columns 4-9 in Table 2 give the final magnitude and
color indices on the UBVRI photometric system as defined
by stars in Landolt (1983). Column 10 indicates the num-
ber of times, n, that each star was observed. Column 11
gives the number of different nights, m, that each star was
observed. The numbers in columns 4-9 are mean values;
hence, the decision was made to tabulate the mean error of
the mean magnitude or color index in columns 12-17. This
kind of error is defined by [Z(x;—x)%/n(n—1)]"2, where
x; is an individual observation, x is the average value, and
n is the number of observations. If anyone needs the mean
error for a single observation of any quantity in columns
4-9, they need only multiply the appropriate number on
the same line in columns 12-17 by (n)'/%, where n is given
in column 10. The mean error of a single observation is
defined by [E(xi—x)z/ (n—1 )]1/ 2. The numbers in column
18 refer to footnotes at the end of Table 2.

As the observing program progressed, an 81 star subset
of the standard stars in Landolt (1983) was used as stan-
dard stars in this project. Those 81 stars were observed
many times over the course of this program, and their
magnitudes and color indices were obtained each night
that they were used as standards. Hence, one could obtain
their average magnitude and colors over the duration of
the program. The magnitudes and color indices obtained
for these 81 stars herein were averaged together with the
results for those stars in Table IV in Landolt (1983),
weighted by the number of observations and the mean er-
ror of a single observation via the relations (Barford
1967),

iohted It o1 X1/s1+0,X,/5;
weighted result= 011/1+F02/3§ )

'ght d T 21 2 Y
WE e error=
' wl/l wz/ 2

where w; is the number of nights, X; is the magnitude or
color index, and s; is the mean error of a single observation.

The 526 stars in Table 2 have been tested as candidate
objects which might be made into standard stars. A subset
of 298 of those stars, including the 81 from Landolt
(1983), have sufficient data to deem them to be useful as
UBVRI standard stars. These 298 stars each were observed
an average of 29 times on 19 nights. If one excludes the 81
stars from Landolt (1983), then this paper provides data
for 217 new standard stars, each of which was observed an
average of 19 times on 10 nights.

The magnitude range of the 298 standard stars is indi-
cated in 0.25 V magnitude bins in Fig. 25. The magnitude
distribution of the 217 new standard stars is illustrated in
Fig. 26.
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FIG. 25. The magnitude distribution for the 298 standard stars in inter-
vals of 0.25V mag.

The (B—V¥) color index range for the 298 standard
stars is indicated in 0.1 mag bins in Fig. 27. And, Fig. 28
shows the (B—V¥’) color index range in 0.1 mag bins for
the 217 new standard stars.

The numerical size of the average mean error of a single
observation of a ¥ magnitude or a color index for the 298
standard stars is given in the second column of Table 4.
The last column shows the average mean error of the mean
observed magnitude or color index.

The errors in Table 4 are biased by the large number of
measurements for the 81 star subset, for some measures
came from Landolt (1983) as well as from this program.
Therefore Table 5 presents the same kind of information,
but for the 217 new standard stars. As one would expect,
these errors are somewhat larger because (i) there are
fewer measurements per star, and (ii) most of the new
standard stars are appreciably fainter.

A search of Table 2 reveals that several of the stars are

50
4
]

No. of stars
20 30 40
T

10

FIG. 26. The magnitude distribution for the 217 new standard stars in
intervals of 0.25V mag.
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FIG. 27. The distribution in the (B— V) color index for the 298 standard
stars in intervals of 0.1 mag.

variable in light. The average weighted mean error of a
single observation of the V" magnitude, excluding the obvi-
ous variable stars, SA 104 306, SA 106 1024, and SA
107 970, was found to be 0.0141+0.0075 mag. Hence, a 2
o error would be 0.028 mag. Any star whose weighted
mean error of a single observation was greater than 0.028
has been noted in the footnotes of Table 2 as a possible
variable star.

Figures 29-35 have been plotted using data from Table
2, and are self-explanatory. Note that in each figure the
ordinate is the weighted mean error of a single observation.
The large scatter for some blue stars in Figs. 34 and 35
rises from those stars being blue and faint, and observed in
the long-wave filters. It is an analogous effect to greater
scatter for red stars in similar (U— B) plots [e.g., Fig. 32].

Figures 36 and 37 illustrate the (U—B), (B— V) color-
color plot for the 298 stars usable as standards, and the 217

50

No. of stars
30
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FIG. 28. The distribution in the (B—¥) color index for the 217 new
standard stars in intervals of 0.1 mag.
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TABLE 4. Error analysis for 298 standard stars.

Mean errors of a single Mean errors

observation of the mean
v 0.0141 £ 0.0075 0.0032 + 0.0023
B-v 0.0167 + 0.0118 0.0039 + 0.0031
U-B 0.0377 £ 0.0414 0.0085 + 0.0093
V-R 0.0112 £ 0.0072 0.0026 + 0.0020
R-I 0.0160 + 0.0194 0.0037 + 0.0054
VI 0.0200 + 0.0199 0.0046 + 0.0054

new standards, respectively. Figures 38 and 39 show sim-
ilar information for the (¥ —R), (R—1I) color—color plot,
thereby indicating the range in the new stars’ color indices.

Many more stars were examined as candidates for pos-
sible standard star status than were accepted in the final
analysis. These stars are those in Table 2 which in general
have less than five measures each. Some of these stars do
not have errors attached to them, because there were too
few measures to make an error statement meaningful.
Since their photometric history is so scanty, few if any of
the stars with a small number of measures should ever be
used as standard stars. Common sense will dictate that
several stars with many measures also should be used as
standards only with care, if at all, due to their larger than
normal error characteristics.

4. EPILOGUE

A recent paper by Menzies ez al. (1991) indicates that
there are small systematic differences between the UBVRI
photometric systems defined by Landolt (1973, 1983) and
by Cousins (Menzies et al. 1989). Discussions within the
past several months, most extensively with M. Bessell, in-
dicate that the differences most probably lie in the place-
ment of the B filter. In principle, it is possible to transform
one set of standards onto another set, although one is
bound to lose some accuracy in the process. Observers
must realize that they never should mix, directly from the
literature, standard stars and the concomitant magnitudes
and color indices from different authors’ standard star sets,
if they want to retain, or approach the accuracy inherent in
any particular standard star set. That is, if one needs to
achieve the most accurate and systematics free results,
don’t mix standard stars from different sources.

Since a large majority of the broadband UBV photom-
etry of the last two decades has been tied into this author’s
papers (Landolt 1973, 1983), and since the Hubble Space

TABLE 5. Error analysis for 217 new standard stars.

Mean errors of a single Mean errors

observation ' of the mean
v 0.0160 + 0.0080 0.0039 * 0.0022
B-V 0.0195 £0.0125 0.0048 + 0.0030
U-B 0.0439 £ 0.0467 0.0105 + 0.0100
V-R 0.0126 + 0.0076 0.0031 + 0.0019
R-I 0.0182 + 0.0194 0.0044 + 0.0042
V1 0.0228 + 0.0203 0.0055 + 0.0045
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FI1G. 29. The weighted mean error of a single observation in V for
the 298 standard stars as a function of V.
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FIG. 30. The weighted mean error of a single observation in V for
the 298 standard stars as a function of (B—V).
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FIG. 31. The weighted mean error of a single observation in (B— V)
for the 298 standard stars as a function of (B—V¥).
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FIG. 32. The weighted mean error of a single observation in (U— B)
for the 298 standard stars as a function of (U—B).
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FIG. 33. The weighted mean error of a single observation in (V—=R)
for the 298 standard stars as a function of (V—R).
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FIG. 34. The weighted mean error of a single observation in (R—1)
for the 298 standard stars as a function of (R—1).
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FIG. 35. The weighted mean error of a single observation in (¥ —1)
for the 298 standard stars as a function of (V' —1I).

}.'l{;, (
-,

(U-B)

L

(B8-v)

FIG. 36. The (U—B), (B—V) color—olor plot for the 298
standard stars in Table 2.
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FIG. 37. The (U—B), (B—V¥) color—color plot for the 217
new standard stars in Table 2.
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FIG. 38. The (V—R), (R—I) color—color plot for the 298
standard stars in Table 2.

Telescope (HST) instrumentation has been and is being
calibrated with both the author’s published and about to be
published standard star values, this author, to be consistent
over the long term, has placed the new standard stars in this
present paper on the UBVRI photometric system defined
by his 1983 paper. Other observers’ detector-filter combi-
nations may or may not need nonlinear transformations,
anyway.

In the meantime, an observational program which will
investigate differences between the filter sets as used by the
author at CTIO and as defined by Bessell (1979, 1990),
will be undertaken at CTIO in 1992. Observers should
realize, though, that even filter sets designed to match
Johnson’s original observational setup as close as possible,
well may show nonlinear transformation characteristics
when one pushes to the highest attainable accuracy. So,
once again, observers ought not mix standard star sources
for the most consistent photometric results.

Finally, to further improve magnitudes and color indi-
ces, data continue to be collected for many stars in Table 2
herein, as well as for still fainter standard star candidates.

0.5

(V-R)

1.5

(R-1)

F1G. 39. The (¥—R), (R—1I) color—color plot for the 217
new standard stars in Table 2.
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APPENDIX A

It is of interest to compare directly the wavelength sen-
sitivity and transformation relations between the RCA
31034A and the Hamamatsu R943-02 photomultipliers,
since both have very similar (GaAs) photocathodes. This
readily can be done through intercomparison of the 81
member subset of standard stars from Landolt (1983)
which was used over the years to calibrate the data ob-
tained in this paper. The intercomparisons were made in
the sense of Hamamatsu minus RCA, are illustrated in
Figs. 40-45, and are represented by the relations below:

(B—V)rca=—0.001084-1.00067 (B— V) gam
=+0.00068 +0.00081;

(U—B)rea= +0.00425+0.99680( U — B) gam
+0.00138+0.00151;

Vrca= Vitam+0.00028 +-0.00070(B— ¥)gca
+0.00087 +0.00104;

(V—R)pca=+0.00074+0.99768 (¥ — R) gam
+0.00058 +0.00124;

(R—TI)gca= —0.00045+0.99859 (R — 1) ttam
40.00098 0.00222;
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FIG. 40. A comparison of the ¥ magnitudes obtained with
the Hamamatsu R943-02 as a function of the (B— V) color
index obtained with the RCA 31034A.
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FIG. 41. A comparison of the (B— V) color indices obtained
with the Hamamatsu R943-02 as a function of the (B— V)
color indices obtained with the RCA 31034A.
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FIG. 42. A comparison of the (U— B) color indices obtained
with the Hamamatsu R943-02 as a function of the (U—B)
color indices obtained with the RCA 31034A.
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FIG. 43. A comparison of the (¥'—R) color indices obtained
with the Hamamatsu R943-02 as a function of the (V—R)
color indices obtained with the RCA 31034A.
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FI1G. 44. A comparison of the (R—1I) color indices obtained
with the Hamamatsu R943-02 as a function of the (R—1)
color indices obtained with the RCA 31034A.
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FIG. 45. A comparison of the (¥ —1I) color indices obtained
with the Hamamatsu R943-02 as a function of the (V' —1)
color indices obtained with the RCA 31034A.
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(V—=Dgrca=
+0.00007 +0.99955(¥V — I Ham
£+0.00110+0.00164;

(V=I)<+13,

(V—I)rca=
—0.00630+41.00075(¥V —1I) gam
+0.00432 £0.00265,

(V—-I)>+1.3.

As may be seen, the differences between the RCA
31034A and the Hamamatsu R943-02 photomultipliers
were very small, and were found to be nonlinear only in
(V—1I). The I filter differs the most, as may be expected
from the different long wavelength cutoffs of the two pho-
tomultipliers.

APPENDIX B

Knowledge of the sensitivity of a photomultiplier as a
function of wavelength, as well as the transmission char-
acteristics of the filters used in a photometric program is
needed for the theoretical modeling of a photometric sys-
tem. Consequently, such information is furnished in the
following tables. The author is indebted to Sr. Gabriel
Martin of CTIO who made the necessary laboratory mea-
surements on Cerro Tololo.

Figures 4650 illustrate the transmission characteristics
of the filters listed in Table III (Landolt 1983). The cor-

FILTER V — SET NO. 3
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FIG. 46. The transmission characteristics of the V filter: 2 mm GG495
+2 mm BG 18.
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FIG. 47. The transmission characteristics of the B filter: 2 mm GG385
+2 mm BG 18+2 mm BG 12.

responding numerical data are tabulated in Tables 6-10.
Figures 51 and 52 illustrate the absolute sensitivity and
the quantum efficiency, respectively, as a function of wave-
length for the RCA 31034A photomultiplier, serial number
N49701. Table 11 gives the corresponding numerical data.
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FIG. 48. The transmission characteristics of the U filter: Corning 9863
+solid CuSO, crystal.
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TABLE 6. Transmission characteristics of V filter in CTIO’s UBVRI
FILTER R — SET NO. 3 filter set No. 3.

90.0 —— T T T T T T T T

4750 0.00 5110 56.48 5470 57.82 5830 30.79 6190 6.70
4760  0.00 5120 57.31 5480 57.31 5840 20.90 6200 6.34
4770 0.00 5130 58.04 5490 56.80 5850 20.02 6210 5.9
4780 0.01 5140 58.68 5500 56.27 5860 28.15 6220 5.64
4790 0.04 5150 59.23 5510 55.73 5870 27.30 6230 5.30
1 4800 0.68 5160 59.72 5520 55.19 5880 26.46 6240 4.96
4810 1.02 5170 60.15 5530 54.62 5890 25.62 6250 4.63
4820 151 5180 60.55 5540 54.05 5000 24.79 6260 4.32
. 4830 2.17 5190 60.92 5550 53.45 5910 23.96 6270 4.03
4840 3.04 5200 61.25 5560 52.84 5920 23.14 6280 3.75
4850 4.15 5210 6154 5570 52.20 5930 22.33 6200 3.51
. 4860 552 5220 6179 5580 51.54 5940 2154 6300 3.29
4870 7.17 5230 61.99 5500 50.84 5950 20.76 6310 3.09
4880 9.09 5240 62.14 5600 50.11 5960 19.98 6320 2.90
. 4890 11.27 5250 62.24 5610 49.37 5970 19.21 6330 2.74
4900 13.67 5260 62.31 5620 48.61 5980 18.45 6340 2.58
4910 16.24 5270 62.34 5630 47.83 5990 17.71 6350 2.44
: 4920 18.93 5280 62.35 5640 47.05 6000 16.98 6360 2.29
4930 21.68 5200 62.34 5650 46.26 6010 16.27 6370 2.13
4940 2444 5300 62.32 5660 45.47 6020 1559 6380 1.97
0.0 O T ST SR S T . 4950 27.20 5310 62.28 5670 44.67 6030 14.93 6390 1.81
5000.0 6000.0  7000.0  8000.0 9000.0  10000.0 4960 29.93 5320 62.22 5680 43.87 6040 14.28 6400 1.64
: 4970 32.60 5330 62.12 5690 43.06 6050 13.66 6410 1.46
4980 35.19 5340 61.99 5700 42.24 6060 13.05 6420 1.28
Wavelength 4990 37.67 5350 ° 61.82 5710 41.39 6070 12.45 6430 1.10
5000 40.02 5360 61.62 5720 40.53 6080 11.88 6440 0.96
5010 42.23 5370 61.38 5730 39.65 6090 11.32 6450 0.67
FIG. 49. The transmission characteristics of the R filter: 2 mm KG 3+2 5020 44.28 5380 61.11 5740 38.76 6100 10.78 6460 0.38
mm OG 570. 5030 46.16 5390 60.83 5750 37.87 6110 10.25 6470 0.17
5040 47.89 5400 60.54 5760 36.97 6120 9.74 6480 0.08
5050 49.45 5410 60.23 5770 36.09 6130 9.25 6490 0.00
5060 50.88 5420 59.91 5780 35.21 6140 8.78 6500 0.00
5070 52.20 5430 59.56 5790 34.34 6150 8.32
5080 5341 5440 59.19 5800 33.46 6160 7.89
5090 54.52 5450 58.77 5810 32.58 6170 7.47
5100 55.55 5460 58.31 5820 31.68 6180  7.08

45.0 |

Percent Transmission

TABLE 7. Transmission characteristics of B filter in CTIO’s UBVRI
filter set No. 3.

A % T A % T A % T A % T A %T

FILTER I SET NO. 3 3600 0.00 3920 18.38 4240 29.36 4560 26.75 4880 4.72
100.0 . T v T ™ T T 3610  0.00 3930 18.96 4250 29.49 4570 26.39 4890 4.28
3620 0.17 3940 19.52 4260 29.61 4580 25.99 4900 3.87
3630 0.59 3950 20.07 4270 29.72 4590 25.55 4910 3.50
I 3640 087 3960 20.60 4280 29.81 4600 25.06 4920 3.17
3650 1.19 3970 21.11 4290 29.89 4610 24.53 4930 2.87
- 3660 1.73 3980 21.60 4300 29.96 4620 23.96 4940 2.60

g oo r 3670 2.27 3990 22.07 4310 30.01 4630 23.33 4950 2.36
a ] 3680 2.82 4000 2252 4320 30.05 4640 22.66 4960 2.14
[ — 3690 338 4010 22.95 4330 30.08 4650° 21.94 4970 194
F 3700 396 4020 23.35 4340 30.10 4660 21.18 4980 1.76
B g0 - 3710 455 4030 23.74 4350 3010 4670 20.40 4990 159
2 3720 517 4040 2411 4360 30.10 4680 19.58 5000 143
o 3730 580 4050 24.47 4370 3009 4690 1875 5010 1.29
2 " 3740  6.45 4060 24.81 4380 3007 4700 17.90 5020 115

3750 7.1 4070 25.15 4390 3004 4710 17.03 5030 102
» 100 | . 3760 779 4080 25.47 4400 3000 4720 16.16 5040 0.90
o 3770 847 4090 2578 4410 29.04 4730 1528 5050 0.79
s | | 3780 916 4100 26.00 4420 20.87 4740 1441 5060 0.69
e 3790 985 4110 26.39 4430 20.78 4750 13.56 5070 060
g 3800 1054 4120 26.68 4440 20.66 4760 12.72 5080 0.52

20.0 - T 3810 11.24 4130 26.97 4450 29.52 4770 11.89 5090 0.45
3820 11.93 4140 27.26 4460 29.35 4780 11.10 5100 0.39
4 3830 12.62 4150 27.53 4470 29.15 4790 10.32 5110 0.24
3840 13.30 4160 27.80 4480 28.93 4800 9.58 5120 0.15
3850 13.97 4170 28.05 4490 28.70 4810 8.86 5130 0.02

0.0 . . . . . L . 3860 14.63 4180 28.29 4500 28.45 4820 8.17 5140 0.01
6000.0 7000.0 8000.0 §000.0 10000.0 3870 1528 4190 2851 4510 28.20 4830 7.52 5150 0.00
3880 15.92 4200 28.72 4520 27.93 4840 6.89 5160 0.00

3890 16.56 4210 28.90 4530 27.66 4850  6.29

Wavelength 3900 17.18 4220 20.07 4540 27.38 4860 5.73

FI1G. 50. The transmission characteristics of the I filter: 3 mm RG 3910 17.78 4230 29.23 4550 27.08 4870 5.21

715+1 mm RG 780.
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TABLE 8. Transmisson characteristics of U filter in CTIO’s UBVRI TABLE 9. Transmission characteristics of R filter in CTIO’s UBVRI
filter set No. 3. filter set No. 3.

A % T hy % T A % T A % T A % T A % T A % T A % T A % T A % T
2750  0.00 3070 77.80 3390 83.94 3710 75.02 4030 9.42 5360 0.00 5780 72.38 6200 69.34 6620 57.18 7040 40.47

5370  0.00 5790 72.71 6210 69.12 6630 56.84 7050 40.06
2760 1.12 3080 78.40 3400 83.99 3720 74.03 4040 8.20
2770 243 3090 7893 3410 8403 3730 7295 4050 7.11 5380  0.09 5800 72.99 6220 68.91 6640 56.50 7060 39.66

5390  0.27 5810 73.23 6230 68.69 6650 56.14 7070 39.25

2780 4.03 3100 79.39 3420 84.04 3740 7178 4060 6.15 5400 0.50 5820 73.43 6240 68.48 6660 55.78 7080 38.85
2790  6.01 3110 79.79 3430 84.04 3750 70.52 4070 5.31 5410 082 5830 73.60 6250 68.25 G670 5540 7090 3845
2800 8.42 3120 80.13 3440 84.00 3760 69.17 4080 4.58 5420 1.28 5840 73.74 6260 68.02 6680 55.01 7100 38.06
2810 11.29 3130 80.43 3450 83.94 3770 67.72 4090 3.95 5430 1.93 5850 73.85 6270 67.77 6690 54.61 7110 37.67
2820 14.59 3140 80.71 3460 83.85 3780 66.15 4100 3.40 5440 281 5860 73.94 6280 67.50 6700 54.21 7120 37.29
2830 18.26 3150 80.98 3470 83.75 3790 64.47 4110 2.94 5450 3.96 5870 74.00 6290 67.22 6710 53.81 7130 36.91
2840 22.24 3160 81.27 3480 83.66 3800 62.65 4120 2.53 5460 542 5880 74.05 6300 66.93 6720 53.41 7140 36.53
2850 2640 3170 81.57 3490 83.58 3810 60.70 4130 2.19 5470 7.21 5890 74.07 6310 66.63 6730 53.01 7150 36.14
2860 30.66 3180 81.88 3500 83.51 3820 58.60 4140 1.90 5480  9.34 5900 74.07 6320 66.33 6740 52.61 7160 35.75
2870 34.92 3190 82.19 3510 83.44 3830 56.36 4150 1.65 5490 11.82 5910 74.04 6330 66.04 6750 52.21 7170 35.35
2880 3011 3200 8248 3520 8337 3840 5309 4160 144 5500 14.62 5920 74.00 6340 65.74 6760 51.81 7180 34.95
2890 43.07 3210 8272 3530 8326 3850 5151 4170 126 5510 I7.T1 5930 73.04 6350 65.43 6770 5140 7190 3454
2900 4705 3220 8290 3540 8313 3860 4893 4180 111 5520 21.04 5940 73.86 6360 65.13 6780 50.99 7200 34.14

5530 24.55 5950 73.77 6370 64.82 6790 5057 7210 33.74
2910 50.70 3230 83.03 3550 82.96 3870 46.27 4190 0.98 5540 2817 5060 73.67 6380 6452 6800 50.16 7220 3334
2920 54.09 3240 83.10 3560 82.76 3880 d43.54 4200 0.87 5550 31.83 5970 73.56 6390 64.23 6810 49.74 7230 32.95
2930 57.19 3250 83.16 3570 82.52 3890 40.76 4210 0.77 5560 3548 5080 73.45 6400 64.14 6820 49.32 7240 3256
2940 60.02 3260 83.22 3580 82.25 3900 37.96 4220 0.69 5570 39.03 5990 73.34 6410 63.89 6830 4891 7250 32.18
2950 62.58 3270 83.31 3590 81.94 3910 35.17 4230 0.61 5580 42.45 6000 73.23 6420 63.61 6840 48.49 7260 31.79
2960 64.88 3280 83.41 3600 81.61 3920 32.41 4240 0.55 5590 45.67 6010 73.11 6430 63.33 6850 48.09 7270 31.40
2970 66.95 3200 83.52 3610 81.24 3930 29.72 4250 0.49 5600 48.67 6020 73.00 6440 63.03 6860 47.68 7280 31.02
2980 68.77 3300 83.63 3620 80.83 3940 27.12 4260 0.44 5610 51.44 6030 72.88 6450 62.72 6870 47.29 7290 30.63
2990 70.36 3310 83.72 3630 80.37 3950 24.61 4270 0.39 5620 53.98 6040 7275 6460 62.42 6880 46.90 7300 30.25
3000 71.73 3320 83.78 3640 79.85 3960 22.22 4280 0.28 5630 56.30 6050 72.62 6470 62.12 6890 46.52 7310 29.87
3010 7291 3330 83.81 3650 79.30 3970 19.95 4290 0.16 5640 5840 6060 7247 6480 6182 6900 46.14 7320 29.49
3020 73.94 3340 83.81 3660 78.72 3980 17.82 4300 0.01 5650 60.32 6070 7231 6490 6152 6910 4576 7330 29.12

5660 62.05 6080 72.14 6500 61.22 6920 45.37 7340 28.76

ggig ;2'24 3350 83.81 3670 78.11 3990 1583 4310 0.00 5670 63.61 6090 71.95 6510 60.91 6930 44.97 7350 28.40
67 3360 83.81 3680 77.46 4000 14.00 4320 0.00 5680 65.01 6100 71.75 6520 60.59 6940 44.55 7360 28.06
3050 76.43 3370 83.84 3690 76.73 4010 12.32 5690 66.25 6110 7154 6530 60.26 6950 44.14 7370 27.73
3060 77.14 3380 83.89 3700 75.92 4020 10.80 5700 67.36 6120 71.31 6540 59.92 6960 43.72 7380 27.41

5710 68.32 6130 71.07 6550 59.58 6970 43.30 7390 27.09
5720 69.17 6140 70.83 6560 59.23 6980 42.89 7400 26.77
5730 69.91 6150 70.57 6570 58.89 6990 42.48 7410 26.45
5740 70.55 6160 70.31 6580 58.54 7000 42.08 7420 26.13
5750 71.10 6170 70.06 6590 58.20 7010 41.68 7430 25.79
5760 71.58 6180 69.81 6600 57.86 7020 41.28 7440 25.45
5770 72.01 6190 69.57 6610 57.52 7030 40.87 7450 25.11

Figures 53 and 54 give the same information for an average

of many RCA 31034A photomultipliers as kindly made 7460 2476 7870 12.98 8280 6.07 8690 2.66 9100 1.24
. . 7470 2442 7880 1277 8290 595 8700 2.60 9110 122
available to me by Bob Landis from the files of Burle In- 7480 2408 7890 12.57 8300 582 8710 255 9120 1.20
] i . 7490 23.74 7900 12.37 8310 571 8720 2.50 9130 1.8
dustl:les', the c.ornpany which boughF the old R(;A 1?th0 7500 23.40 7910 1218 8320 5.60 8730 2.46 9140 116
multiplier business. It was not possible to acquire similar 7510 23.07 7920 11.98 8330 549 8740 241 9150 1.14
. . . 7520 22.74 7930 1177 8340 538 8750 2.37 9160 1.2
information for the Hamamatsu photomultiplier R943-02, 7530 2042 7940 1157 8350 528 8760 233 9170 L1l
] is evi ) ; 7540 2210 7950 11.36 8360 5.18 8770 2.20 9180 1.09
serial No. EA 1450. However, as is evident in Appendix A 7550 2177 7980 1116 8390 509 8780 594 9190 107

7560 21.46 7970 10.96 8380 4.99 8790 2.20 9200 1.06

7570 21.14 7980 10.76 8390 4.90 8800 2.16 9210 1.04

7580 20.83 7990 10.56 8400 4.82 8810 2.11 9220 1.02

7590 20.53 8000 10.37 8410 4.73 8820 2.07 9230 1.01

7600 20.23 8010 10.18 8420 4.6¢ 8830 2.03 9240 0.99

7610 19.93 8020 9.99 8430 455 8840 1.99 9250 0.97

7620 19.64 8030 9.80 8440 4.46 8850 1.95 9260 0.96

o 7630 19.35 8040 9.61 8450 4.38 8860 191 9270 0.94
= T T T T 7640 19.06 8050 9.43 8460 4.29 8870 1.88 9280 0.93
7650 18.77 8060 9.25 8470 4.21 8880 1.85 9290 0.92
7660 18.48 8070 9.08 8480 4.12 8890 1.81 9300 091
7670 18.18 8080 8.91 8490 4.04 8900 1.78 9310 0.90
7680 17.88 8090 8.75 8500 3.96 8910 1.75 9320 0.89
7690 17.59 8100 8.59 8510 3.88 8920 171 9330 0.88
7700 17.30 8110 8.44 8520 3.80 8930 1.68 9340 0.87
7710 17.01 8120 8.29 8530 3.73 8940 1.64 9350 0.80
E 7720 16.73 8130 8.14 8540 3.65 8950 1.61 9360 0.76
7730 1646 8140 8.00 8550 3.57 8960 1.58 9370 0.78
7740 16.19 8150 7.85 8560 3.50 8970 1.55 9380 0.66
7750 15.93 8160 7.71 8570 3.43 8980 152 9390 0.45
7760 15.67 8170 7.57 8580 3.36 8990 149 9400 0.38
7770 1541 8180 7.43 8590 3.29 9000 146 9410 0.28
7780 15.15 8190 7.29 8600 3.22 9010 1.44 9420 0.15
7790 14.89 8200 7.14 8610 3.16 9020 1.41 9430 0.08
. 7800 14.64 8210 7.00 8620 3.09 9030 1.39 9440 0.01
7810 14.38 8220 6.86 8630 3.02 9040 1.36 9450 0.00
7820 14.14 8230 673 8640 296 9050 1.34 9460 0.00
7830 13.89 8240 6.59 8650 2.90 9060 1.32 9470 0.00
. . . . 7840 13.65 8250 6.46 8660 2.84 9070 1.29 9480 0.00
200 400 600 800 1000 7850 13.42 8260 6.33 8670 2.77 9080 1.28 9490 0.00
A (om) 7860 13.19 8270 6.20 8680 272 9090 1.26 9500 0.00

80
T
_

60
T

40
T
)

Abs. Sens. (mA/W)

20
T

F1G. 51. The absolute sensitivity as a function of wavelength for RCA
31034A, serial No. N49701.
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TABLE 10. Transmission characteristics of [/ filter in CTIO’s UBVRI TABLE 11. The absolute sensitivity and quantum efficiency for CTIO’s
filter set No. 3. RCA 3103A photomultiplier, serial No. N49701.
A %T A %T A %T X %T A BT > AS. QE. A AS. QE A AS. QE.
(ma/W) % (ma/W) % (ma/W) %
6800 0.00 7210 19.31 7620 65.63 8030 90.60 8440 92.55
6810  0.00 7220 20.13 7630 66.80 8040 90.74 8450 92.55 2000 7.91 490 4400 62.12 17.50 6800  66.38  12.10
6820 0.05 7230 20.97 7640 67.96 8050 90.87 8460 92.56 2100 16.48 9.73 4500 62.08 17.10 6900 66.80 12.00
6830 0.18 7240 21.81 7650 69.09 8060 90.99 8470 92.57 2200 23.00 12.96 4600 62.35 16.80 7000 66.64 11.80
6840  0.39 7250 22.67 7660 70.22 8070 91.10 8480 92.57 2300 29.00 15.63 4700 6257 1650 7100 67.02 11.70
6850 0.47 7260 23.54 7670 71.34 8080 91.21 8490 92.58 2400 34.50 17.82 4800 62.74 16.20 7200 66.22  11.40
6860 0.55 7270 24.43 7680 72.45 8090 91.30 8500 92.59 2500 38.00 18.84 4900 62.69 15.85 7300 66.55 11.30
6870 0.64 7280 2534 7690 73.53 8100 9139 8510 92.60 2600 41.01 19.55 5000 6293 1560 7400 67.16  11.25
6880  0.75 7290 26.28 7700 74.57 8110 91.46 8520 92.61 2700 43.00 19.74 5100 63.36 1540 7500 67.77  11.20
6890 0.88 7300 27.25 7710 75.58 8120 91.53 8530 92.62 2800 45.86 20.30 5200 63.77 15.20 7600  68.06 11.10
6900 1.04 7310 28.24 7720 76.54 8130 91.60 8540 92.63 2900  48.20 20.60 5300 63.71 14.90 7700 68.02  10.95
6910 1.23 7320 29.26 7730 77.45 8140 91.66 8550 92.64 3000 5034 20.80 5400 63.61 14.60 7800 67.96  10.80
6920 147 7330 30.30 7740 78.32 8150 91.73 8560 92.65 3100 52.27 20.90 5500 63.90 14.40 7900 68.20  10.70
6930 1.75 7340 31.36 7750 79.14 8160 91.79 8570 92.67 3200 5422 21.00 5600 64.15 14.20 8000 68.41  10.60
6940  2.07 7350 32.43 7760 79.91 8170 91.86 8580 92.69 3300 55.64 20.90 5700 64.84 14.10 8100 67.96  10.40
6950 2.45 7360 33.51 7770 80.65 8180 91.93 8590 92.70 3400 57.06 20.80 5800 65.04 13.90 8200 68.14 10.30
6960  2.87 7370 34.57 7780 81.37 8190 91.99 8600 92.71 3500 58.17 20.60 5900 6521 13.70 8300 68.30  10.20
6970 3.34 7380 35.63 7790 82.06 8200 92.05 8610 92.71 3600 58.96 20.30 6000 65.35 13.50 8400 66.41 9.80
6980 3.84 7390 36.68 7800 82.72 8210 92.10 8620 92.71 3700 59.70 20.00 6100 65.45 13.30 8500 64.46 9.40
6990 4.36 7400 37.73 7810 83.35 8220 92.15 8630 92.71 3800 60.09 19.60 6200 65.53 13.10 8600  59.67 8.60
7000 4.92 7410 38.81 7820 83.96 8230 92.19 8640 92.71 3900 6010 19.10 6300 6557 12.90 8700 49.83  7.10
7010 5.49 7420 39.93 7830 84.54 8240 92.22 8650 92.71 4000 60.35 18.70 6400 65.57 12.70 8800  36.21 5.10
7020 6.09 7430 41.09 7840 85.08 8250 92.24 8660 92.71 4100 60.86 18.40 6500 66.08 12.60 8900  15.80 2.20
7030 6.71 7440 4231 7850 85.59 8260 92.26 8670 92.72 4200 61.33 18.10 6600 66.29 12.45 9000 3.99 0.55
7040 7.35 7450 43.56 7860 86.06 8270 92.28 8680 92.73 4300 6175 17.80 6700 66.49  12.30

7050 8.00 7460 44.85 7870 B86.49 8280 92.31 8690 92.74
7060 8.66 7470 46.16 7880 86.88 8290 92.33 8700 92.74
7070  9.33 7480 47.47 7890 87.23 8300 92.36 8710 92.75
7080 10.01 7490 48.78 7900 87.55 8310 92.39 8720 92.76
7090 10.69 7500 50.10 7910 87.85 8320 92.42 8730 92.77
7100 11.37 7510 51.42 7920 88.13 8330 92.45 8740 92.77
7110 12.04 7520 52.74 7930 88.40 8340 9247 8750 92.78
7120 12.72 7530 54.06 7940 88.67 8350 92.49 8760 92.78
7130 13.39 7540 55.38 7950 88.93 8360 92.50 8770 92.78
7140 14.07 7550 56.70 7960 89.18 8370 92.51 8780 92.78
7150 14.76 7560 58.03 7970 89.43 8380 92.51 8790 92.77
7160 1546 7570 59.34 7980 89.67 8390 92.52 8800 92.77
7170 16.18 7580 60.64 7990 89.89 8400 92.52 8810 92.77
7180 16.93 7590 61.93 8000 90.09 8410 92.53 8820 92.76
7190 17.70 7600 63.19 8010 90.27 8420 92.54 8830 92.75
7200 18.49 7610 64.42 8020 90.44 8430 92.54 8840 92.75
8850 92.74 8990 92.81 9130 92.84 9270 92.88 9410 92.90
8860 92.74 9000 92.81 9140 92.85 9280 92.87 9420 92.90
8870 92.75 9010 92.81 9150 92.86 9290 92.86 9430 92.91
8880 92.75 9020 92.81 9160 92.86 9300 92.86 9440 92.91
8890 92.75 9030 92.80 9170 92.87 9310 92.86 9450 92.92
8900 92.76 9040 92.80 9180 92.88 9320 92.87 9460 92.93
8910 92.76 9050 92.80 9190 92.89 9330 92.87 9470 92.95
8920 92.76 9060 92.79 9200 92.89 9340 92.88 9480 92.96
8930 92.77 9070 92.79 9210 92.89 9350 92.89 9490 92.98
8940 92.78 9080 92.80 9220 92.89 9360 92.89 9500 93.00
8950 92.78 9090 92.80 9230 92.89 9370 92.90

8960 92.79 9100 92.81 9240 92.89 9380 92.90

8970 92.80 9110 92.82 9250 92.89 9390 92.90

8980 92.80 9120 92.83 9260 92.88 9400 92.90

40

30
!

Quant. Eff. (X)

10

1
200 400 600 800 1000
A (nm)

FIG. 52. The quantum efficiency as a function of wavelength for RCA
31034A, serial No. N49701.

© American Astronomical Society ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1992AJ....104..340L

340L

FIOO2AT.C 2 T03- =

3N A. U. LANDOLT: UBVRI STANDARDS

100

80
T

40
T

Abs. Sens. (mA/W)
80

o I L L
200 400 600 800 1000

A (nm)

FIG. 53. The average absolute sensitivity as a function of wavelength for
several RCA 31034A photomultipliers.

above, the RCA 31034A and the Hamamatsu R943-02
photomultipliers are quite similar.

APPENDIX C

Additional information for the brighter stars in Table 2
has been listed in Appendices I and II in Landolt (1973)
and in Appendix I in Landolt (1983). MK spectral types

371
Q
B T T T T
ol
3 4
Py
R
=
8o L
; ® 4
g
o | 4
o L L L
200 400 600 800 1000

A (om)

FIG. 54. The average quantum efficiency as a function of wavelength for
several RCA 31034A photomultipliers.

for the brighter Selected Area stars may be found in Drill-
ing & Landolt (1979). Another source for many of these
stars is the SIMBAD database. Little if anything is known
about most the stars fainter than, say, 11th or 12th mag-
nitude, except on occasion what one might find in the Har-
vard Annals, Volume 100 (photographic photometry), the
Potsdam Spektral Durchmusterung (crude objective prism
spectral types) and in Knox-Shaw & Barrett (1934)
(proper motions).
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PLATE 30. (a) The field of the star GD 50. (b) The field of the star GD 71.
A. U. Landolt (see page 347)
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PLATE 32

PLATE 32. (a) The field of the star G97 42. (b) The field of the star G102 22.

A. U. Landolt (see page 347)
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PLATE 33. The field of Selected Area 97.

A. U. Landolt (see page 347)
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PLATE 34. The field of Selected Area 98.

A. U. Landolt (see page 347)
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