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ABSTRACT 

Photoelectric observations made with a multialkali RCA C7237 photomultiplier (S20 surface) are 
reported for 96 stars. The usual U, B, V band passes were measured, plus an r point at X = 6700 A. 
Conventional U, B, V values were available for nearly all 96 stars, and comparison with our S20 system 
reduced by linear transformation to U — B,B — V colors, shows that multialkali cathodes can reproduce 
B — V colors with good accuracy and U — B colors with moderate accuracy. 

The subdwarfs observed on the program are shown to be separated from strong-lined, Hyades-like 
stars in both the U — B, v — r and the B — V, v — r two-color diagrams The blanketing theory, ex- 
tended to the v — r color, shows that the color changes A(Z7 — B), A(B — V), and A(v — r) predicted 
for each program star completely eliminates the separation of the subdwarfs from the Hyades-like stars 
in the two-color diagrams. 

Previous results, together with the present study, show that the observed colors of a typical globular 
cluster subdwarf at the main-sequence termination point must be made redder by A(U — B) = O^éO. 
A(B — V) = 0“18, A(z> — r) = O1^, and A(G — I) of the Stebbins-Whitford six-color system = OHK), 
before comparison with Hyades-like stars can be made, which emphasizes the well-known result that 
broad-band photometry should be done in the red to minimize the effects of Fraunhofer-line blanketing. 

I. INTRODUCTION 

The recent availability of photomultipliers with type S20 cathodes which are sensitive 
from X 3000 A to X 8000 A suggests that present routine three-color photometry might 
conveniently be extended to include a red point near X 6700 A. This paper reports obser- 
vations made in the summer of 1960 with the Palomar 20-inch reflector using an experi- 
mental RCA C7237 multiplier refrigerated with dry ice and operated at 1300 volts ac- 
celerating potential. This tube has since gone into commercial production as RCA type 
7265. It is a fourteen-stage, end-on photomultiplier with a multialkali cathode. 

Two experimental programs were undertaken with the multiplier. (1) Many standard 
stars of the U,B,V photometric system (Johnson and Morgan 1953; Johnson and Harris 
1954) were observed to see how well the S20 surface can reproduce U — B and B — V 
colors. At the same time, a fourth color at X 6700 A was added. (2) The four-color sys- 
tem was used to observe a number of stars which have extremely weak Fraunhofer lines, 
so as to check and to extend the methods recently developed to correct U, B, V data for 
differential line blanketing (Code 1959; Sandage and Eggen 1959; Melbourne 1960; 
Smak 1960; Wildey, Burbidge, Sandage, and Burbidge 1962). 

II. FOUR-COLOR OBSERVATIONS OF STARS WHICH DEFINE THE U, B, V SYSTEM 

a) The Photometric System 

The spectral response of the multialkali photometer is shown in Figure 1. The choice 
of filters presented some difficulties because of the red leak of the usual ultraviolet and 
blue glass. After considerable experimentation, we adopted 2.8 mm of Corning 9863 for 
the ultraviolet filter, but with the addition of a 2.5-mm-thick liquid chamber, which, 
following Gehrels and Teska (I960), was filled with an 80 per cent saturated solution of 
CuSOrSftO. This arrangement completely suppressed the red leak of the 9863 glass 
alone (see Kasha 1948 for the transmission function of CuSOé). The blue filter was a 
sandwich of 0.7 mm of Schott BG12 plus 2 mm of GG13, a combination which also has a 
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slight red leak that was again suppressed by a 2.5-mm liquid chamber filled with CuS04. 
The visual filter was a sandwich of 2.2 mm of Schott GG11 with 1.6 mm of Schott BG18, 
a combination which closely matches the usual Corning 3384 or Schott GG11 used with a 
normal 1P21 multiplier. The red filter for the r point was 2 mm of Schott RG1. The cutoff 
on the red side of the band pass is provided by the S20 response of the cell. 

Figure 1 was constructed from the manufacturer’s quoted response of the RCA 7237 
multiplier folded into the actual transmissions of the filter combinations as measured in 

Fig. 1.—The transmission function »S(X) for the filters, S20 photocathode, and two reflections from Al. 
The filters are 2.8 mm of Corning 9863 plus 2 5 mm of 80 per cent saturated CuSOr 5 H20 solution for u; 
0.7 mm of Schott BG12 plus 2 mm of Schott GG13 plus 2.5 mm of 80 per cent saturated CuSOrS H20 
solution for b; 1.6 mm of Schott BG18 plus 2.2 mm of Schott GG11 for v; and 2 mm of Schott RG1 for r. 

the Mount Wilson laboratory. No attempt has been made to check the complete re- 
sponse-curves in the laboratory because measurements of real stars with the equipment 
are more germane to our present problem than knowledge of the precise *S(X) of the 
theoretical system. Our later use of the theoretical 5(X) functions does not require that 
they be known precisely. 

b) Observations of Standard Stars 

Sixty-four stars which are listed in the Johnson and Morgan (1953) and the Johnson 
and Harris (1954) catalogues were observed with the new equipment in July and Sep- 
tember, 1960. Comparison of the colors obtained on the natural photometric system 
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(reduced to outside the atmosphere) with the Johnson, Morgan, and Harris U ~~ B, 
B — V values gives 

B — V = 1.100 (b - v)20 + 1.023 

± 0.004 ± 0.003 , 
(i) 

U - B = 1.015 (u - b)2o - 1.575 

± 0.003 ± 0.006 , 
(2) 

where (b — v)2o and (u — b)2o refer to natural colors obtained with the S20 cathode. The 
slope coefficients of equations (1) and (2) show that our filter system is close to, but not 
identical with, the U, B, V system. This can also be shown theoretically by comparison 
of effective wavelengths. Matthews and Sandage (1963, Appendix A) have computed 
that \u = 3610 A, = 4440 A, and \v = 5545 A for the Z7, B, V system with a source 
of equal energy at all X (per unit wavelength interval)^ The data from which Figure 1 
was constructed give \u = 3620 A, X& = 4420 A, and Xv — 5400 A for the multialkali 
photometer. These values require that B — V = 1.094 (b — v)2o + const, and TJ B — 
1.037 (u — b)2Q + const, for the theoretical systems, which are in good agreement with 
equations (1) and (2). 

The observational data, transformed by equations (1) and (2), are given in Table 1, 
where the notation {B — F)2o and {U ^ B)2q is used to distinguish between conventional 
1P21 photometers and our S20 system. The suitability of the S20 surface for observing 
on the U, B, V system can now be tested by comparing Table 1 with the £/, B, V defining 
values of Johnson, Morgan, and Harris. The results are shown in Figure 2, where the 
residuals are taken as (B — F)jm — (B — F)2o and (U ^ B)pi — (U ~ B)2q. Closed 
circles are luminosity IV and V stars, open circles are class III stars, and triangles are 
class I stars. The B V residuals are small and are not correlated with color, which 
shows that multialkali surfaces can be used to produce B — F colors with high accuracy. 
The U — B residuals show a slight systematic variation with color, whose semiamplitude 
reaches ±0^02, but we do not consider this to be established because when the additional 
data for the subdwarfs of Table 2, discussed in the next section, are compared with the 
conventional 1P21 photometric data for the same stars, the U — B residuals are smaller 
than in Figure 2, and the systematic effect nearly disappears. Our complete data taken 
together suggest that (U — B)20 colors for stars whose B ~ F colors are redder than 0.5Ö 
do not systematically deviate by more than 0^02 from {U — B)jM and that the devia- 
tions may even be smaller. In any case, the (B — F)2o and {V — B)2o colors are sufficient- 
ly close to B — F and U — B that they are used without further distinction in the re- 
mainder of the text and diagrams. 

c) The v^-r Colors 

Table 1 gives our observed (v — r)2o colors for the standard stars. We have adopted the 
conventional zero point such that a — r — 0 for stars with U — B^B—V — 0.0Ö.1 

Figure 3 shows the correlation of B — F with ï; — r for stars of Table 1. Closed circles 
are stars of luminosity class IV or V, crosses are class III, and triangles are class I. A 
separation of giants and dwarfs probably occurs beginning at B — F = 0.$, but there 
are insufficient data to be certain. (The deviation of the luminosity class I stars from the 
other points is probably a result of interstellar reddening.) 

1 We have chosen to designate this color index by small letters so as to indicate that it is a natural 
system. At the present time we do not wish to suggest that v — r has status as a standard system in future 
work because multialkali cells are not now in general use and it may indeed turn out that a wider base- 
line photomultiplier, such as the RCA 7102, will be more useful for the majority of problems. In this case, 
a different v — r will prevail. 
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TABLE 1 

JM No. 

(1) 

145 
152 
158 
165 
270 
279 

1 
13 
17 
20 
22 
28 
38 

134 
138 
139 
140 
141 
143 
144 
148 
149 
150 
151 
155 
156 
157 
162 
166 
168 
175 
176 
183 
184 
186 
191 
197 
201 
206 
215 
216 
217 
224 
230 
232 
236 
237 
238 
239 
244 
249 
260 
261 
264 
271 
272 
274 
277 
278 
282 
283 
284 
286 
288 

FOUR-COLOR DATA FOR STARS WHICH DEFINE THE U, B, V SYSTEM 

HD 
(2) 

135742 
140573 
143107 
147394 
214680 
219134 

432 
6582 
9270 
10307 
10700 
13974 
19373 
123299 
126660 
127665 
127762 
130109 
135722 

13739*1 
137759 
139006 
140159 
141004 
142373 
142860 
144284 
147547 
150680 
157214 
157881 
161096 
161797 
161868 
165908 
170153 
173667 
176437 
185144 
186408 
186427 
188512 
195593 
196867 
197989 
198001 
198149 
198478 
203280 
206165 
210027 
210839 
211336 
215182 
215648 
216735 
217476 
218329 
220657 
222107 
222368 
222439 
224930 

Star Name 
(3) 

ß Lib 
a Ser 
e CrB 
r Her 
10 Lac 
HR 8832 

ß Cas 
jutCas 
ri Psc 
HR 483 
T Get 
ö Tri 
t Per 
a Dra 
0 Boo 
p Boo 
y Boo 
109 Vir 
Ö Boo A 
ô Boo B 
ß Boo 
1 Dra 
a CrB 
i Ser 
X Ser 
X Her 
y Ser 
0 Dra 
y Her 
C Her 
72 Her 
Cin 2322 
ß Oph 
/¿Her A 
y Oph 
99 Her 
X Dra 
110 Her 
y Lyr 
a Dra 
16 Cyg A 
16 Cyg B 
ß Aql 
44 Cyg 
a Del 
€ Cyg 
e Aqr 
ri Cep 
55 Cyg 
a Cep 
9 Cep 
L Peg 
X Cep 
€ Cep 
t? Peg 
Î Peg 
p Peg 
HR 8752 
55 Peg 
v £eg 
X And 
L Psc 
x And 
85 Peg 

Sp Type 
(4) 

(u-b)20 

(5) 
(b-v)2o 

(6) 

PRIMARY STANDARDS 

B8V 
K2 III 
K3III 
B5 IV 
09 V 
K3V 

-0.37 
+1.25 
+1.26 
-0.56 
-1.04 
+0.89 

-0.12 
+1.16 
+1.22 
-0.15 
-0.20 
+1.01 

SECONDARY STANDARDS 

F2 IV 
G5 Vp 
G8III 
G2V 
G8 Vp 
GOV 
GOV 
A0 III 
F7V 
K3III 
A7III 
A0 V 
G8III 
GOV 
F0V 
K2III 
A0 V 
Al V 
GOV 
F9 V 
F6V 
F8 IV-V 
A9 III 
GO IV 
GOV 
K7V 
K2 III 
G5 IV 
AO V 
F7V 
F7V 
F6V 
B9 III 
KOV 
G2V 
G5V 
G8 IV 
F5 lab 
B9V 
KO III 
A1V 
KO IV 
<B3 la 
A7 IV-V 
B2Ib 
F5 V 
06 f 
FO IV 
G2II-III 
F7V 
Al V 
GO la 
M2 III 
F8 IV 
G8III-IV 
F7V 
B8V 
G2V 

+0.10 
+0.11 
+0. 73 
+0.15 
+0.22 
+0.03 
+0.12 
-0.12 
+0.01 
+1.42 
+0.10 
-0.05 
+0. 66 
0.00 

+0.04 
+1.22 
-0.04 
+0.03 
+0.12 
0.00 

-0.02 
+0.11 
+0.16 
+0.22 
+0.09 
+1.18 
+1.22 
+0. 41 
+0.01 
-0.04 
-0.01 
+0.04 
-0.08 
+0. 41 
+0.17 
+0.18 
+0.49 
+0.69 
-0.20 
+0.88 
+0.02 
+0.64 
-0. 47 
+0.10 
-0.55 
-0.02 
-0. 73 
+0.07 
+0.57 
-0.01 
-0.04 
+1.06 
+1.87 
+0.17 
+0.71 
+0.01 
-0.24 
+0.07 

+0. 36 
+0. 70 
+0.97 
+0. 65 
+0.73 
+0. 61 
+0.60 
-0.07 
+0.48 
+1.27 
+0.18 
-0. 02 
+0.95 
+0.59 
+0. 34 
+1.18 

0. 00 
+0.06 
+0.60 
+0.55 
+0. 47 
+0.57 
+0. 26 
+0.65 
+0. 63 
+1.34 
+1.18 
+0. 77 
+0.04 
+0.54 
+0.51 
+0. 48 
-0.04 
+0.82 
+0. 64 
+0. 65 
+0. 85 
+0.99 
-0.07 
+1.06 
+0.01 
+0.94 
+0.40 
+0.23 
+0. 28 
+0. 44 
+0. 26 
+0. 30 
+0. 87 
+0.51 
-0.01 
+1.38 
+1.56 
+0.60 
+1.02 
+0.52 
-0. 08 
+0. 67 

(y-r)20 
(7) 

-0.10 
+0. 80 
+0. 85 
-0.12 
-0.11 
+0. 84 

+0. 30 
+0. 59 
+0.69 
+0.52 
+0.58 
+0.53 
+0.49 
-0.05 
+0. 39 
+0.92 
+0.13 
-0. 02 
+0.69 
+0.46 
+0. 25 
+0.85 
-0.03 
+0. 02 
+0.49 
+0. 47 
+0.40 
+0. 43 
+0. 20 
+0. 48 
+0.49 
+1.16 
+0.82 
+0.57 

0. 00 
+0. 47 
+0. 48 
+0.40 
+0.01 
+0. 66 
+0. 50 
+0.51 
+0. 65 
+0. 83 
-0. 02 
+0. 77 
+0.02 
+0. 71 
+0. 41 
+0. 20 
+0. 28 
+0. 38 
+0. 28 
+0. 26 
+0. 65 
+0. 43 
-0.02 
+1.05 
+1.27 
+0.49 
+0. 82 
+0. 43 
-0. 08 
+0.58 

Ô(U-B) 
(8) 

-0.03 

-0. 07 
+0.15 

+0:04 
+0.08 
+0.12 
+0.01 

+Ö. ÔÏ 

+0.12 
0.00 

+0.01 
+0.08 
+0. 03 
0.00 

10:63 
+0.08 

-0. 03 

+ô: ÏÏ 
+0. 05 
-0.02 

+6: 07 
+0.01 
+0.01 
+0. 05 

+0. 02 

‘6:66 

+6:ô5 

16:64 

+0:64 

+6: i*4 

n 
(9) 

5 
5 
9 
7 

29 
25 
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FOUR-COLOR PHOTOMETRIC SYSTEM 1061 

Note that the relation in Figure 3 is slightly non-linear in the same sense as in the 
conventional U — B, B — V diagram. This is very likely the effect of the strong hydro- 
gen lines in the b filter band near the Baimer limit, which depress the continuum in A and 
early F stars (B — V ^ 0.0 to B V ^ 0,50). 

III. THE OBSERVED TWO-COLOR DIAGRAMS AND THE BLANKETING EFFECT 

One major reason for adding a red photometric point in routine stellar photometry is 
to minimize the effect of Fraunhofer line blanketing on broad-band colors. Only small 
blanketing corrections are expected in the red because of the relative paucity of lines 
beyond X 5500 A. This expectation has been tested by observing selected subdwarfs in 
the general field which were known to have weak lines from previous work of Roman 
(1955) and Sandage (1963). The four-color data for these stars are given in Table 2. All 

RESIDUALS 

B-V 

Fig 2 —Comparison of our {U — £)2o, ~ 1020 values with U — B, B — V colors on the John- 
son-Morgan U,B,V system The differences are in the sense Johnson-Morgan minus S20. 

stars in Tables 1 and 2 of luminosity classes IV, V, and the subdwarfs are plotted in 
Figure 4, a, which gives the two-color diagram in the U — B, v — r plane. The closed 
circles represent stars whose ultraviolet excesses are less than 0^05, while the open circles 
are for stars with ô(U — B) > 0^05. The separation of subdwarfs and normal stars is 
clearly present and is caused by the sum of the two blanketing vectors A(U — B) and 
A(v — r). The value of A(U — B) can be found from Table 4 of Wildey, Burbidge, 
Sandage, and Burbidge (1962, hereafter called “WBSB”)> once b(U — B) is known. The 
theory of A (a — r) is given in the next section, where it is shown that A(z> — r) is not zero 
and, therefore, that the addition of only an r point to U, B, and V does not completely 
eliminate differential line blanketing, although A(z> — r) is much smaller than either 
A(U - B) or A{B - V). 

IV. THEORY OF THE A(v — r) BLANKETING 

The corrections to U, B, V, and r caused by progressive weakening of the Fraunhofer 
lines are the sum of two terms, one due to blocking of the continuum by the absorption 
lines and the other due to the change in the continuum level due to radiation scattered 
back into the photosphere by the lines. As the lines are weakened in any given star, the 
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radiation blocked by the lines becomes less, which allows more of the continuum radia- 
tion to emerge. However, less radiation is back-scattered, and the level of the continuum 
decreases, which tends to compensate for the blocking effect. The computation of AI/, 
AjB, and AF is discussed in detail by WBSB and will not be reproduced here. 

We have obtained Ar for the same eight stars used by WBSB by assuming that the 
blocking term in Ar is zero, since there are few Fraunhofer lines in the r spectral region. 
Therefore, the back-warming term is the only contributor to Ar, and it is found by con- 
sidering the two temperatures T\ and r2 which characterize the continuum level of a star 
with and without its normal Fraunhofer lines; Ti is the effective temperature with which 
tables of model atmospheres must be entered to predict the level of the continuum of the 
star which has its given line strengths; r2 is that temperature which will give the model- 
atmosphere continuum for the same star, once all the Fraunhofer lines are removed. 
Obviously, Fi > r2, and they are related by 

TY^l-^TY, (3) 

Fig. 3.—Correlation of {B — V) and (v — r) for stars of Tables 1 and 2 with ö(U — B) < O^S. 
Closed circles are luminosity class IV and V stars, crosses are luminosity class III stars, and triangles are 
luminosity class I stars. 
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where rj is the integrated blocking coefficient taken over all wavelengths (see WBSB 
eq. [6]). The change in r due to the removal of all Fraunhofer lines from a star, consider- 
ing only the back-warming term, is given by 

fa>S('K)F1(\)d\ 
Ar = 2.5 log   , (4) 

/ S(\)F2(\)d\ 

where Fi(X) and F2(X) are the emergent continuum fluxes from model atmospheres at 
effective temperatures Ti and T2 and S(\) is the spectral response of the system. 

Table 3 shows Ar for the eight calibrating stars calculated from equation (4) with Fi 
and F2 given by the black-body distribution. Numerical calculations using the de Jager 
and Neven (1957) model atmospheres at 7\ and T2 show that the black-body function is a 

Fig. 4.—a: The (U — B),(v — r) two-color diagram for all stars of luminosity classes IV, V, and the 
subdwarfs in Tables 1 and 2. Closed circles are stars with Ô <; 0“?05. Open circles are stars with b > O^OS. 
b: Same as a, but with differential blanketing vectors A(B — V) ánd A(v — r) applied to each star, as 
discussed in the text. 
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good approximation for the present problem. The A F values of Table 3 are taken di- 
rectly from Table 3^4 of WBSB, and these values, combined with Ar, give the A(z> — r) 
value of column 6 in Table 3, which is the correction to a — r if all the lines are removed 
from the stars in question. The A(v — r) values are considerably smaller than A(B — V) 
given in column 7 (and taken from Table 3^4 of WBSB), but they are not negligible. 
Column 8 gives A(v — r)/A(B — F), which is a function of the B — V color, hereafter 
called “(B — V)h” which the stars would have if they had Hyades-like metal abundance. 

Figure 6 shows the correlation of A(a — r)/A(B — V) with (B — V)h obtained from 
these data. The closed circles are the calibrating stars already discussed, while the tri- 
angle is the well-known subdwarf HD 19445. The lines are so weak for this star that 
Fi ~ r2> and the change in the colors is vanishing small when the remaining lines are 
completely removed. Hence a new procedure was used to obtain A(a •— r)/A(B — F). 
The observed B — V color of HD 19445 is B — F = 0.46, which, when corrected by 
A(B — V) = 0^15 to bring this star to the Hyades two-color diagram, gives (B — V)h — 
0.61 (see WBSB, Table 3B). Figure 3 shows that Hyades-like stars {the closed circles) have 
v — r = +0.485 at (B — V)h = +0.61, but, since the observed a — r for HD 19445 is 
+0.45, it is apparent that A{v — r) = 0.035. Consequently, A(z; — r)/A(B — F) = 
0.035/0.15 = 0.234. But it must be emphasized that this value is not determined in a 
fundamental manner because it assumes that the subdwarfs will no longer be segregated 
from Hyades-like stars when the proper blanketing corrections are applied, and this is the 
point we wish to prove. But the remarkable agreement of the triangle with the closed 
circles in Figure 6 shows that A(zj — r)/A{B — V) determined in this way is correct— 
which anticipates the result, now to be shown, that the subdwarf points mingle with the 
Hyades-like stars in the color-color diagrams of Figures 4 and 5 when these theoretical 
blanketing corrections are applied. 

A least-squares fit to the points of Figure 6, with ? Peg discarded and a Boo given 
half-weight, is 

++++i-469^-F)*-°-664 for 0.4< (B — V ) h <0.7 . 
A \JD — V ) (5) 

±0.190 ±0.110 

In a similar fashion, the correction to the r magnitude can be found by using the data of 
columns 9 and 10 of Table 3, with the result 

i^ft.-0.647(B-K)»-0.368. 

± 0.257 ±0.149 

Equations (5) and (6) complete the formalism needed to correct for blanketing in r and 
in v — r. The practical steps are as follows: (1) Determine b{U — B) relative to the 
Hyades U — B, B — V diagram [see Fig. 5 of WBSB for the definition of d(U — B)]. 
(2) Enter Table 4 of WBSB to find AF, A(U - B), and A(B - F). (3) Add A(B - F) 
to the observed B — F to obtain (B — V)h [note that (B — V)h is sometimes called 
(B — F)c, which denotes “corrected value”]. (4) Use equations (5) and (6) to compute 
A(tf — r) and Ar and apply these corrections to the observed values to reduce them to 
Hyades-like stars. 

An example will illustrate the procedure. Consider BD—9°122 of Table 2, which has 
an ultraviolet excess of b{U — B) = 0™17 and observed colors of U — B = —0.16, 
B - V = 0.47, a - r = 0.44. Table 4 of WBSB gives A{U - B) = 0.29, and A(B - 
F) = 0.13; hence {U — B)c = 0.13, and (B — F)c = 0.60. Equation (5) then gives 
A(v — r)/A{B — F) = 0.22, or A(z> — /*) = 0.03, which finally gives {v — r)c = 0.47. 

At this point it is well to emphasize that the foregoing procedure is based on the pre- 
vious measurement (WBSB, Table 1) of the e(X) blocking coefficients of the calibrating 
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stars, together with the condition that the stars correct to the Hyades U — B, B — V 
diagram. It is not based on the premise that stars with large b(U — B) values should 
define the same B — V, v — r two-color relation as Hyades-like stars. 

The results of applying the blanketing corrections to all stars of Tables 1 and 2 of 
luminosity class IV and V and the subdwarfs are shown in Figures 4, and 5, b. Several 
of the standards of Table 1 have appreciable b(U — B) values, and the corrections have 
also been applied to them. The remarkable fact emerges that the line-blanketing correc- 
tions appear to eliminate the segregation of strong- and weak-lined stars in the two-color 
diagrams. We have taken this to mean that the well-known anomalous energy distribu- 
tion of subdwarfs can now be explained over the range of X 3600 A to X 6700 A as due 
principally to the effects of the weak Fraunhofer lines. 

V. THE BLANKETING EFFECT IN THE STEBBINS-WHITFORD G — I INDEX 

Equation (5) and Figure 6 show that, although k(v — r) is much smaller than A(£ — 
F), it is not zero. Therefore, observation of stars in the halo globular clusters, which are 
known to have weak lines and b(U — B) values of about 0^20, will still require correc- 
tions of A(fl —■ r) ^ O^OS to A(fl — r) ~ 0^04 for differential line blanketing relative to 
the Hyades. This correction is, of course, much smaller than A(5 — F) ^ 0^18 required 
in the conventional V, B — V color-magnitude diagrams, but it is not zero. 

Fig. 6.—The correlation of A(v — r)/A(B — V) with (B — V)h defined in the text The triangle 
represents the extreme subdwarf HD 19445. The closed circles are stars from Table 3 

It is therefore of interest to compute the blanketing correction in the Stebbins-Whit- 
ford G — I system, where the effective wavelengths of the band passes are approximately 
\G 5700 A, Xj 10300 A. Again we have assumed that the blocking effect of the lines 
in I is negligible because of the very few Fraunhofer lines in this spectral region and there- 
fore that A/ arises solely from the back-warming term. Table 4 gives A(G — /) for the 
eight calibrating stars previously discussed. The back-warming term in both AG and A/ 
was computed by equation (4), using the sensitivity function of the G and / bands tabu- 
lated by Stebbins and Whitford (1943) and again using black-body functions for Fi and 
F2. Columns 4 and 7 give the back-warming results, where, as usual, as lines are removed 
from a star, the continuum level drops and both G and I become fainter. 

The G filter band is very close to the conventional visual magnitude F and is affected 
by blocking in addition to back-warming. The blocking in G is listed in column 5 of 
Table 4 and is taken directly from Table 2 of WBSB or from Melbourne’s data (I960), 
but with 0™01 subtracted because G is slightly further to the red than F. The only excep- 
tions are a Boo, tt3 Ori, and 110 Her, where AF (blocking) is very small and it was as- 
sumed that AG (blocking) = AF (blocking). The total AG (blocking plus back-warming) 
is given in column 6. The resulting effect on the G — I colors caused byxthe removal of all 
the lines is given in column 8, where it is seen that A(G — /) is nearly zero. Finally, col- 
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umn 10 gives A(G — I)/A(B — V), which is plotted in Figure 7 against the (B — V)h of 
column 11. This diagram clearly shows that A(G — /) is negligible for 0.4 < (B — 
V)h <0.7. The least-squares line passing through the points of Figure 7 is 

A(G — /) 
A(B — V) 

0.284(5-7)^-0.151. 

±0.150 ±0.087 

(7) 

O 

< 

0.4 

> 
i 

CD 0 

< 

-0.4 
0.4 0.5 0.6 0.7 0.8 

(B-V)h 

Fig 7 —The correlation of A(G — I)/A(B — V) with {B — V)H 

VI. CONCLUSION 

, The results of the original discussion of Sandage and Eggen (1959), of WBSB, and, 
finally, of the present study show that line-blanketing effects are strongest for the short- 
est wavelengths and decrease markedly toward the red. The principal result can be sum- 
marized by tabulating the corrections A(U — 5), A(5 — F), A{v — r), and A(G — /) 
which must be applied to observed U — B, B — V, v — r, and G — I colors of a typical 
extreme subdwarf, such as is encountered near the main-sequence termination point of a 
halo globular cluster, to reduce the colors to Hyades-like stars. These stars have observed 
colors of 5 — F = 0.45 and U — B = —0.24, which gives ô(U — 5) = 0^24, which, 
when fed through the correction procedure, yields A(U — 5) = 0.40, A(B — F) = 
0.18, A(fl — r) = 0.04, and A(G — /) = 0.00. These numbers clearly show the desirabil- 
ity of observing weak-lined stars in the red spectral regions so as to minimize the blanket- 
ing corrections. 
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