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ABSTRACT 
Based on an adopted absolute spectral energy distribution for the primary standard star a Lyrae, 

absolute fluxes are given for four very metal-deficient F type subdwarfs HD 19445, HD 84937, BD 
+ 26°2606, and BD + 17°4708. Somewhat inferior data are also given for HD 140283. The data are 
given for 40 À bands and cover the wavelength range from 3080 Á to 12000 À. The four stars, all 
near magnitude 9 and distributed around the sky, are intended as secondary standards for absolute 
spectrophotometry. 

Subject headings: spectrophotometry — stars: subdwarfs — stars: weak-line 

I. INTRODUCTION 

When the Multichannel Spectrophotometer was put 
into operation in 1969 on the Hale 5.08 m telescope, it 
was necessary to set up a series of spectrophotometric 
standard stars around the sky for calibration purposes. 
Since the instrument covered the range from 3200 A to 
11000 À and measured at all wavelengths, it was desi- 
rable to have standards with moderately flat spectra 
with as weak features as possible. Since F type sub- 
dwarfs of very low metallicity matched these require- 
ments very well, the standards chosen were a set of four 
such stars at about visual magnitude 9. The standards 
were HD 19445, HD 84937, HD 140283, and BD 
+ 17°4708. In 1978 BD +26°2606 was introduced as an 
additional standard and HD 140283, which is at a 
declination of -11°, was gradually phased out. The 
absolute calibration for these stars, called AB69, was 
based on limited comparisons with a Lyrae and other A 
type secondary standards (Oke 1964) and was intended 
to be preliminary only. It was realized that small color 
and magnitude errors would be present and that the 
calibration near the Balmer lines and in the 3700-4100 
A region would be quite uncertain because A stars are 
not calibrated in these wavelength regions. 

Four years ago a program was carried out to improve 
the absolute calibrations of these stars. The process used 
and the results, called AB79, are described in this paper. 

II. CALIBRATION PROCEDURE 

The process of recalibrating the five stars was done in 
the following steps. (1) A choice was made for the 
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absolute calibration of the primary standard a Lyrae. (2) 
The adopted calibration of a Lyrae was transferred 
directly to BD +17°4708 using a nearby intermediate 
magnitude star. This is possible since all the stars are in 
the same part of the sky. (3) The calibration for each 
star was corrected in the 3700-4100 A region and near 
the Balmer Unes using data from very hot nearby line- 
free subdwarfs. (4) The other standard stars were 
calibrated by intercomparing them among themselves 
and with BD + 17°4708 on many photometric nights. 

Extinction is calculated as sec z where the table of 
coefficients ax was derived using the recipe recom- 
mended by Hayes and Latham (1975). The quality of 
the night is judged by comparing the instrumental sensi- 
tivity derived from different standards observed at dif- 
ferent air masses at different times during the night. On 
the nights used for the comparisons below, these dif- 
ferences amounted to at most 0.02 mag over the whole 
range of observed wavelengths and for values of sec z 
less than 2. 

Below we discuss each of these steps in detail. 
1. The absolute calibration of a Lyrae. Two absolute 

calibrations of a Lyrae were available, one by Hayes 
(1970) and one by Oke and Schild (1970). Hayes and 
Latham (1975) have compared the two calibrations 
and adopted a mean calibration which is given in their 
Table 7. We have adopted this mean absolute cali- 
bration except in the very far red where it has been 
smoothed slightly using an interpolated Te = 9700 K, 
log g = 4.0 model atmosphere based on models by 
Kurucz, Peytremann, and Avrett (1974). The model is 
used only to smooth points, not to alter the slope in any 
way. The points at 7550 Á and 7780 À in Table 7 of 

713 

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



TA
BL

E 
1 

A
bs

ol
ut

e 
S

pe
ct

ra
l E

ne
rg

y 
D

is
tr

ib
ut

io
ns

 f
or

 a
 L

yr
ae

 a
nd

 S
ub

dw
ar

f 
St

an
da

rd
s 

o 00 

UD UD CM 

^0 ft 
00 00 

uo un co CNj co cocooococo crivo^-coi— o »— uo co CT>0^CT>O(T> <T> CT> CTi CT> CTi 00 00 00 00 CO 00 00 00 00 00 
vovovor^^o vd ^ uo uo vo vo^ovo^o^o 

coi— o «— lo cococvjct^vo coor^cocTt LDLOlD^a-^J- ^P «d- CO oo C\J 
cr> O oo oo cvj«d-or^.c\j oo orí o oo r^- r^- <^o uo C\J C\J CO «d" CO C\J C\J OO CVJ oo 

m UD i— O ,d" «d- lo lo oo <Ti ld o lo cor—i—Oer» on on cn cn cn Oi—cvj OOCSJCMCVJr— r— r— r—r— r- C\JC\JOsJ 
CT» (Tt <T> er» CTi CT> O'» O'» CT> O^O^O^O^O^ O^O^O^O^O^ O^O^O^O^O^ O^ O^ O^ O^ O^ (T* <T\ <T\ 

O CM 00 r— er» OOOCO^-»— co r— p''- p^- 
CO o O CM O') VO CO O'» lo co vo co u-> ir> 

oo o o r^. «d- LO CT> OO Oï lo un lo vo lo 
LOCTíLOCM^x ^r CO CO CO CM LO IO LO LO LO 

CM LO «d* CO I . O 00 P^ VO LO LO «d" «d- «d- 
P^ 00 00 I— CM IO LO IO LO LO «d- «d- 

oo co oo LO P^ 00 *d- ^í- 
er» er* er» er» er» er» er» er» er» er» er» er» er» er» er» er» er» er» er» er» er» er» er» er» er» er» er» er» er» er» er» er» er» 

co er» r— CM LO 00 LO LO COr- CO CO CO CO CO 
OLor^.CM*d cr> lo co o r^> CM CM CM CM I— 

r— 00 LO CO «d- I—^ P^ «d" i— "d" .— I— CM CO CM 
oooooooooo cooooooooo oooooooooo oooooooooo oooooooooo 00 00 00 00 00 00 00 00 
«d- O 00 r— 00 cocoi—oo«d- r— I— I— o O 

CM 00 00 CM r— 00 »d- O vo o er» er» er» oo 
00 •d- O 00 un vn er» «d- o oo oo oo er» er» 

Ln co o er» p^ •d- *d- co co 00 00 00 00 00 
CM O LD o er» I— er» p^ LD LO 00 I—^ I—. P^ 

Ln CM CM CM CM LD in in LD LD p^ p^ p^ p^ p^. 
O O CO LD VD LD I— p^ p^. 

oooooooooo oor^p^r^p^. p^p^p^.p^.p^ p-, p^ r-- p^ p^ r^.p^p^p^p^ p^p^p^p^i^ p^p^p^ 
in vD o m oop^ld^j-i— o o o o o 

oo in p^ in co r— -d- co co o O O O I— CM 
CM O r— CM CM CM 
o o 

P'- CM O in CM co «d- un in ld CM CM CM CM CM 
CO CM CM O i— P^ CM co co «d- «d- 

in in o . CM VD r— • in in ld 
o o co er» «d- in LD P"- oo 

o o o o o + + + + + 
CO LD O I— 00 co i— o in o o o o er» er» 

cm er» LD r— co in er» co ld m oo r^> p^ ld in 
oo oo er» «d- o ^3- CO CM CM CM in in in ld in 

i— cm co in i— o er» oo p^» in in d- 'd- d- 

o o o o 

co o m LD co o d- oo co er d- co CM CM i— 

o o o o o o 

er in i— ld in cor^coop^- i— o o o er 
d- oo co cm er co er oo oo 

• o o o o 
o o o o o CM VD O CM d" er er o i— cm d- d* in in in 

o o o o o O VD LO CM CM d- m p-^ Od- in in in VD ld 
o o o o o LO O d- LO 00 d- in in in in LD LO LD VD VD 

o o o o o CM LO O d- 00 LO LO I I * P^ LO VD LO LD VD 
ooooo O LD 00 o co »— d" I— r— CO P- P^ P^- 00 oo 

ooooo 00 O O d- VD p^ co p^ er cm co er o» er o 
o o o CM d- o 00 I— o O r— CM 

d- d- oo oo oo co 00 VD LD VD 
er oo oo co oo oooooooooo oop^r^p^p^ p^p^p^p^p-. p>.p^p^p»p^ pv,p^p^p^p>^ p^ p^ p^ p- p-, 

in cm oo oo co in er i— lo er oo p«. LD 
i— VO P-» CM LO P^COP^OOr O co oo in cm o VD in i— < ld in d- d- d- co »— i— (— r 

o»— o lo co i— o m oo o CMCTCTlOP" d- er lo m LO ■— o co oo oo erp^p^p-'p^ 
o er» d- o P' co co d- r in co lo i— reo p^ in p- p- co oo co vo lo in in in lo m 

ooooo ooooo ooooo oorrr rrrrr rrrrr rrrrr 

in cm oo m ld m p^» r co ld r— o r r oo 
LO O 00 O r— Od-COLOCM o m r p» in d- r r in r oo p- lo lo vo in co co co CM 

oo p^ d- lo d- I— r— d- I— o CO CO i— i— i— 
d- O i— in oo 00 LD CM O O I—OOOO 

o r i— in o lo co p^ i_o o Oi— r r r 
cod-CMOd- d- cm cm co o oo oo oo r oo 

■ooo ooooo ooooo ooooo ooooo oorrr rrrrr 

P'» O CM O CM P-- i— d" 00 CM LO LO LO d" d" 
o o r co in .— LO d O co CO CM CM CM 

r p^ o co in rcor—p^r- o r r oo oo 
co i— p- cm o d d LO d d 00 00 LD VD LD 

LO CM 00 CO P-' cm P^. d d d p^ in in in in 
CM i— cm ld oo o r cm r d ld ld in d d 

o o oo cm co o o r cm r d d co in co 
rrrrr rrrrr rooooooco oooooooooo oooooooooo cooooooooo oo co co oo co 
LO r— o cm oo Ps r r— CO LD d CO CO CM r— 

corrmr r i— d cm cm O co p^ d i— dcodoo •— o r r r oop^p^p^p^ 
o i— o co r r oo o co P' ld ld in d d 

p- co in co oo cm o eo i P-'- in d co co co 
d co ld co in co co r r co d d CM CM CM 

rrrrr r r oo co oo co eo co co oo oo co oo oo oo oooooooooo oooooooooo oooooooooo 
O co 00 . CM r LD ■ CM r—r— 

CM O VD in d cm r co r— I— O O 
in oo co • CO CM CM . CM CM CM 

o o o o 
P' in VD CM I— d LD 00 I— d CM r— CD o r 

d r p^ Ps oo P- O d r- 00 00 CO IP P^ LD 
OCMdP-1— lo co o p^ in ld vD ld in in 

in co o oo co CM I— o CO LD in in in d d 
r in i— co ip co i—oo in d d d co co co 

ld d co co co cm o oo rp r co CO CM CM I— 
i— co in oo i— o oo ip in d r— OO CD o 

CO CO CO CO CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM 
OOOOO 00 LD d CM O O i— CM CO d CO CO CO CO CO 

OOOOO 00 LD d 00 CM d in ld lo ip CO CO CO CO CO 
ooooo LO O d 00 CM p oo oo oo r co co co co co 

OOOOO LD 00 O CM LD r r o o o co co d d d 
OOOOO O d O d LO I— I— CM CM CM d d d d d 

OOOOO O d 00 O LD co co co d m d d d d d 
OOOOO LD O CM LD O p oo co co r d d d d d 

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



19
83

A
pJ

. 
. .

26
6.

 .
71

30
 

SECONDARY STANDARD STARS 

Hayes and Latham have been raised by 1.5% while the 
point at 4465 Á has been decreased by 1.5%. It should 
be noted that this calibration of a Lyrae has no points 
near the Paschen jump from 8300 Á to 9500 Á and near 
the Balmer jump between 3700 Á and 4032 Â. There is 
also no calibration near Ha, H/?, Hy, and H8. The 
absolute calibration adopted for a Lyrae is given in 
Table 1. The gaps reflect the omitted regions above. We 
have also adopted the Oke and Schild (1970) absolute 
flux measurement at 5480 Á and an apparent visual 
magnitude for a Lyrae oí V = +0.03. On this basis we 
define a monochromatic magnitude 

AB = -2.5 log/,+48.60, 

where fv is the flux in ergs cm-2 s_ 1 Hz -1. The constant 
is chosen such that AB = V for an object with a flat 
spectrum; practically, AB = K at 5480 Á for objects with 
relatively smooth spectra. 

2. Transfer of the calibration for a Lyrae to BD 
+ 17°4708. This transfer was carried out with the Mul- 
tichannel Spectrophotometer on the Hale telescope on 
two nights using the intermediate magnitude A3 V star 
HD 196180, which has V = 4.64 and Æ - L= 0.10. The 
transfer from a Lyrae to HD 196180 was done with the 
telescope diaphragmed to 2.5 m (actually one-eighth of 
the total mirror area) and with a neutral density D = 2 
glass filter which gives an effective mirror diameter of 18 
cm. HD 196180 was then compared with BD + 17°4708 
again with the telescope diaphragmed to 2.5 m, but with 
no neutral density filter. This procedure guaranteed that 
pulse counting rates would be within very safe limits 
and the telescope and spectrometer optics identical for 
each comparison. The comparisons were made over 
a very short interval of time and at a nearly constant 
air mass. If one omits wavelength bands where spectral 
features occur, it is found empirically that the mag- 
nitude differences AB (17°4708) - AB(a Lyrae) 
define three hnear relations for each of the Paschen 
(9500-10500 À), Balmer (4000-8300 Á), and Lyman 
(3180-3700 À) continuum regions. Using these hnear 
relations to smooth measuring errors which may be as 
large as 0.03 mag in the far-violet and far-red, we obtain 
the new energy distribution AB79 for BD +17°4708 
from 3180 to 10500 À but with the wavelength gaps 
from a Lyrae still present. To extrapolate the energy 
distribution redward of 10500 Á and to estimate the 
fluxes in the Paschen jump 8300-9500 Á region for BD 
+ 17°4708, a model atmosphere interpolated among un- 
published line-free models similar to those described by 
Mihalas (1965) was fitted to the observed fluxes between 
5000 and 10500 Á. The model was used to generate 
smooth fluxes between 8300 Á and 9500 Á and to add 
far-infrared points at 10800 À, 11100 À, and 12000 Á. 
The model also indicated that the measured flux at 
10400 À should be brightened by 1.5%. 
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3. Calibration near Balmer lines and the Balmer limit. 
As has already been noted, a Lyrae cannot provide any 
absolute calibration near Balmer lines or near the Balmer 
series hmit. The new cool extreme subdwarf standards 
have much weaker Balmer lines than a Lyrae and also 
only very weak metal lines, so they can be used for 
calibrating these spectral regions in unknown stars if 
they themselves can be calibrated. Calibration of the 
subdwarfs in these spectral regions can be done only by 
interpolation using stars which are known to have no 
spectral features and at the same time smooth continua. 
A group of very hot subdwarfs, BD +28°4211, Feige 
34, and Feige 67, which almost fulfill these require- 
ments, was used for this purpose. These stars have very 
weak Balmer and He n lines in their spectra. Errors of 
several percent would have been made by ignoring the 
features in our 40 A bands. They were therefore mea- 
sured on cahbrated photographic spectra kindly lent to 
us by Dr. J. L. Greenstein. Intercomparison of results 
from several plates of BD +28°4211 and Feige 67 
indicates that typical accuracies of 5% in the equivalent 
widths are achieved; this translates into uncertainties in 
the fluxes of less than 1% in our bands. By insisting that 
the hot subdwarfs have smooth continua, apart from the 
faint Une features, it is possible to generate an energy 
distribution for BD + 17°4708 on a point-by-point basis 
over limite4 wavelength intervals. This process when 
applied and added to the limited calibration in step (2) 
above yields a complete absolute calibration for BD 
+ 17°4708 in all wavelength bands. The difference be- 
tween this new calibration and the older one, AB69, is 
shown in Figure 1 in two parts. Figure \a shows the 
smooth difference which is caused by the adopted change 
in the absolute calibration of a Lyrae and by any slight 
color errors in the observations, while Figure \b shows 
the point-by-point corrections produced from the hot 
subdwarf data. The old AB69 calibration corrected by 
using the hot stars will be referred to as AB77. AB77 

numbers were also generated for HD 19445, HD 84937, 
and HD 140283. The corrections are similar but differ- 
ent in detail from those shown in Figure \b. 

4. Calibration of the remaining standard stars. The 
final step is to generate AB79 calibrations for the 
remaining standards. Observations made with the Multi- 
channel Spectrophotometer on excellent nights were 
used to measure the difference AB(BD +17°4708)- 
AB( 19445), etc., at selected wavelengths where there are 
no spectral features. One difference is shown in Figure 
\c. These smooth differences were used to convert AB77 

to AB79 numbers for HD 19445, HD 84937, and HD 
140283 standards. Model atmospheres were used to 
smooth the calibration between 3160 À and 3720 Á 
where only very weak lines should exist. These correc- 
tions are typically 0.01-0.02 mag except for two points 
in HD 84937 which have 0.04 and 0.05 mag corrections 
near 3200 Â. In the case of HD 140283, fewer data are 
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Fig. 1.—(a) The difference between AB79 and AB77 for BD + 17°4708. This reflects primarily the change in the adopted calibration of a 
Lyrae. (b) Corrections to the AB69 calibration of BD + 17°4708 based on the hot subdwarf star observations, (c) The difference in fluxes 
between BD + 17°4708 and HD 84937 at selected continuum wavelengths, (d) The adopted AB79 absolute spectral energy distribution for 
BD+17°4708. 

TABLE 2 
A B19 - A B69 for Subdwarf Standards 

X 19445 84937 +17°4708 +26o2606 140283 X 19445 84937 +M°4708 +26°2606 140283 
3080 
3160 
3240 
3320 
3400 
3480 
3560 
3640 
3680 
3720 
3760 
3800 
3840 
3880 
3920 
3960 
4000 
4040 
4080 
4120 
4160 
4200 
4240 
4280 
4320 
4360 
4400 
4560 
4760 
4800 
4840 
4880 
4920 
4960 
5000 

0.08 
0.08 
0.06 
0.05 
0.05 
0.06 
0.04 
0.04 
0.03 
0.03 

-0.01 
-0.09 
-0.05 
-0.06 
-0.01 
0.06 

-0.05 
0.00 
0.04 
0.03 
0.00 
0.00 

-0.01 
-0.01 
0.05 

-0.02 
-0.02 
0.01 
0.03 
0.04 
0.08 
0.03 
0.02 
0.02 
0.02 

0.16 
0.13 
0.09 
0.08 
0.09 
0.10 
0.10 
0.13 
0.14 
0.14 
0.10 
0.07 
0.16 
0.07 
0.00 
0.04 

-0.05 
0.07 
0.05 
0.08 
0.03 
0.04 
0.05 
0.04 
0.02 
0.03 
0.06 
0.07 
0.07 
0.08 
0.10 
0.13 
0.09 
0.07 
0.07 

0.06 
0.05 
0.04 
0.03 
0.02 
0.01 

-0.01 
0.01 
0.01 
0.02 

-0.05 
-0.03 
-0.09 
-0.09 
-0.06 
0.03 

-0.07 
-0.03 
0.02 
0.00 

-0.02 
-0.04 
-0.04 
-0.06 
0.02 

-0.05 
-0.04 
-0.02 
+0.01 

0.00 
0.06 
0.00 

-0.01 
-0.02 
-0.02 

0.06 
0.06 
0.09 
0.10 
0.10 
0.09 
0.09 
0.10 
0.10 
o.n 

+0.05 
-0.03 
+0.04 
+0.04 
-0.01 
0.06 

-0.04 
-0.01 
0.02 
0.06 
0.00 
0.01 
0.01 
0.00 
0.04 
0.01 
0.00 
0.05 
0.04 
0.03 
0.07 
0.07 
0.02 
0.02 
0.01 

0.03 
0.02 
0.01 
0.00 

-0.01 
-0.02 
-0.03 
-0.02 
0.00 
0.00 

-0.06 
-0.12 
-0.07 
-0.06 
-0.08 
-0.04 
-0.09 
-0.03 
-0.03 
-0.03 
-0.06 
-0.05 
-0.05 
-0.04 
-0.01 
-0.07 
-0.05 
-0.03 
-0.03 
-0.03 
-0.02 
-0.03 
-0.02 
-0.04 
-0.04 

5120 
5240 
5400 
5560 
5760 
6020 
6420 
6460 
6500 
6540 
6580 
6620 
6660 
6700 
6740 
6780 
7100 
7460 
7780 
8100 
8380 
8780 
9300 
9700 
9940 

10260 
10820 

0.01 
0.00 

-0.02 
-0.03 
-0.05 
-0.06 
-0.06 
-0.06 
-0.06 
-0.06 
-0.06 
-0.06 
-0.06 
-0.06 
-0.06 
-0.06 
-0.07 
-0.07 
-0.05 
-0.04 
-0.03 
-0.03 
-0.03 
-0.02 
-0.01 
0.00 
0.00 

+0.07 
0.07 
0.06 
0.05 
0.04 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.02 
0.02 
0.02 
0.02 
0.03 
0.05 
0.06 
0.06 
0.07 
0.09 

+0.11 
0.12 

-0.04 
-0.04 
-0.05 
-0.06 
-0.07 
-0.08 
-0.07 
-0.07 
-0.07 
-0.07 
-0.07 
-0.07 
-0.07 
-0.07 
-0.07 
-0.07 
-0.08 
-0.08 
-0.06 
-0.05 
-0.04 
-0.04 
-0.04 
-0.04 
-0.02 
-0.01 
0.00 

0.02 
0.03 
0.02 
0.01 
0.00 

-0.02 
-0.03 
-0.03 
-0.02 
-0.03 
-0.02 
-0.02 
-0.01 
-0.01 
-0.01 
-0.01 
-0.02 
-0.02 
-0.02 
0.00 
0.02 
0.05 
0.05 
0.05 
0.07 

+0.06 
0.07 

-0.04 
-0.04 
-0.04 
-0.06 
-0.06 
-0.06 
-0.07 
-0.07 
-0.08 
-0.07 
-0.08 
-0.08 
-0.07 
-0.07 
-0.07 
-0.06 
-0.07 
-0.07 
-0.07 
-0.05 
-0.06 
-0.06 
-0.02 
0.02 
0.05 
0.09 
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available to carry out the above procedures since the 
star is no longer being used as a standard. AB79 for this 
star is included here mainly to permit older data to be 
corrected; the calibration is inferior to that of the other 
standards. 

The standard BD +26°2606 must be treated sep- 
arately since it was added as a standard only in 1978. 
Detailed differences between BD +26°2606 and BD 
+17°4708 were generated at every measured wave- 
length on six excellent nights when the objects were 
observed at sec z < 1.06. These differences can then be 
used directly to generate an AB79 calibration for BD 
+ 26°2606. Points have been smoothed slightly where 
the spectrum is known to be smooth. Model atmo- 
spheres were again used to correct six points by 0.005 ~ 
0.015 mag. 

III. RESULTS 

The original calibrations used 40 À bands which split 
Ha, Hß, and Hy in the middle, i.e., the bands near Ha 
were 6520-6560 À and 6560-6600 À. These points, 
when used for calibration, can cause errors if there are 
small wavelength errors. Additional points, centered on 
the Balmer lines, are therefore inserted in the table. 
They have been derived using higher resolution Double 
Spectrograph data. 
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The final AB79 calibrations are given in Table 1. Very 
recent work indicates that at 3800 A the entries for 
19445, +26°2606, and 17°4708 should be, respectively, 
8.780, 10.420, and 10.230. The fluxes are for 40 Á bands 
centered at the tabulated wavelength; this is true even 
when the bands are less than 40 À apart. Where gaps 
occur values of AB can be interpolated linearly. The 
actual energy distribution for BD + 17°4708 is shown in 
Figure \d. 

For continuum points the relative uncertainty be- 
tween the standards, based on multichannel observa- 
tions, is approximately 0.01 mag. Within lines and near 
the Balmer limit the uncertainties are larger because the 
numbers are obtained by using hot subdwarfs and as- 
suming smoothness. The absolute flux accuracy is the 
same as that of a Lyrae itself. Over the range for 3200 A 
to 10000 À, it is probably not in error by more than 5% 
in the color over that basehne. 

Since the AB69 fluxes have been used extensively by 
many observers, the difference AB79 — AB69 is listed in 
Table 2. Note that the wavelength entries are not identi- 
cal in Tables 1 and 2. 
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