CONTENTS

I. SIMMARY ' 1

. TTOGRAM UVBYBETA

" Description of program 2-6

11

=% Listing for program UVBYBETA 7=9

. TZOGRAM TEFFLOGG

z; Description of program 13

=} Listing for program TEFFLOGG 14 & 15
Z¥. FTZ0GRAMS UVBYLIST & TGLIST

=} Program listing for UVBYLIST 17 & 18

=} Program listing for TGLIST 20 & 21
T. TEZFEHENCES 23
"==_= 1. Sample output from program UVBYBETA. 10-12
Tz2l= Z. Grid points for Moon & Dworetsky (1985). 16
Tshis 3. Sample output from UVBYLIST. 19

Tzil= 4, Sample output from program TGLIST. 22




~. SOMMARY

Several programs used at University College London (UCL) for the an-
z_¥sis of uvbyB photometry are presented in this report. All are writ-
2z in FORTRAN 77 and are currently used at the UCL node of the STAR-
L BK network, running under VAX/VMS version 4.1. Listings and samples
7 output are given, together with discussions of the formulae used.

"« Programs UVBYBETA and UVBYLIST.

TTBYBETA is an interactive program which dereddens uvby colours, cal-
mzlztes My and R/Rg, and estimates Torp from observed uvbyB photometry
fzr 2n individual star. To process a number of stars at one time (e.g.,
2 star cluster), program UVBYLIST should be used. Here, data are read
f=wm = file according to FORMAT statement 9999 which may be altered,
z_omz with the preceding READ statement, to suit the user's require-
m=rts. Similarly, the form of the output may be changed at FORMAT state-
mxZ 20000 and the preceding WRITE statement. The version presented
z__ows for input of a "cluster" number, an HD number, (b-y), m;, ¢; col=-
apr=, 8 index, spectral type and the "group" in which the star is to be
mxcessed. However, UVBYLIST only allows for processing of spectral
t¥res BO-G2 within luminosity classes III-V. The four "processing groups"
Fr=:  1: BO-AO; - 2: AQ0=A3; 3: A3-F0; 4: F1-G2

Sample output from programs UVBYBETA and UVBYLIST, given in Tables 1
ami 3, provides a check on the operation of these programs and illustrate
e form in which the output is presented. A detailed description of
mrmzm UVBYBETA and the algorithms used within it is given in section
II=. Program listings for UVBYBETA and UVBYLIST are given in sections
I= =zmd IVa.

Z. P=ograms TEFFLOGG and TGLIST.

TEFTLOGG is an interactive program consisting of numerical approx-
Im=tZcons to the Topp, log g grids of Moon & Dworetsky (1985, hereafter
M . Using dereddened colours and an initial estimate of Tope Obtained
fwemm orogram UVBYBETA, program TEFFLOGG calculates Torr and log g con=-
sfztert with the MD grids and the uvbyB photometry. For each result the
sttzr?=rd error of the numerical approximation is given. Agreement be-
Sw=er tzluesobtained using this numerical simulation and those read from
e MO grids is excellent, with the standard errors of the numerical
fZi=s substantially smaller than the errors in Tope and log g quoted by
™. Tzlues of Toep and log 9, (b-y)g, ¢o and B used to construct the MD
iz zre given in Table 2; my colours for the (ag, r*) region were ob-
tEzim=Z “rom Relyea & Kurucz (1978). These data can be used to check the
sperztior of program TEFFLOGG.

For rrocessing a number of stars, TGLIST can be used. The version
mreserod in this report accepts input data in the same format (see
FIEMET statement 9999) as the output data from UVBYLIST (with heading
remoeec).  In addition to Topp and log g calculated from the numerical
#2z= <o the MD grids, Tgope and log g calculated from numerical fits to
e z2Zs of Relyea & Kurucz (1978), using (b-y)y, my, co, are given in
seciiors ITTb and IVb, and sample output from TGLIST is given in Table 4.
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II. PROGRAM UVBYBETA

a) DESCRIPTION OF PROGRAM

Introduction

Calibrations between colours and indices derived from uvbyf photom=-
etry and various physical parameters of stars have been performed by
several investigators (see Strdmgren 1966; Crawford 1975, 1978, 1979).
Program UVBYBETA attempts to assemble the various calibrations for spe-
cific ranges of spectral type into one place; hence, for many stars be-
tween spectral types BO and M2, dereddened colours, absolute magnitudes,
effective temperatures, radii and metallicities can be calculated using
this program. The approach has been to use empirical calibrations; stel-
lar atmosphere models (e.g. Relyea & Kurucz 1978) are not used.

uvbyB Photometry

This system was developed by Stromgren (1966) and Crawford (1966);
since its inception it has received widespread use with virtually all
bright stars, and many fainter ones, having been measured on this system.
Extensive catalogues of uvbyB photometry have been published by Hauck &
Mermilliod (1980), Olsen (1983) and Olsen & Perry (1984).

In uvbyB photometry the y-band measuréments can be directly related
to a V-magnitude while the colours and indices formed are:

(b-y) = (b) = (y) : analogous to (B-V) of the UBV system.
my = (v=b) - (b-y) : a measure of the effects of blanketing.
¢y = (u=v) = (v=b) : indicates the size of the Balmer discontinuity.

B = Bfnarrow) - B(intermediate) : measures the strength of the
Balmer line (HB).

(u=b) = (u) - (b) : analogous to the (U-B) colour index.

Observed and dereddened indices.

The observed colours and indices are denoted as (b-y), m;, c1, B and
(u-b) while, following the scheme of Crawford (1975), dereddened colours
are written as (b-y)y, mg, c¢ and (u-=b)y where:

(b=y)o = (b-y) = E(b~y)
mg =my - E(my) {i.e. (m1)o}
cg = ¢y - E(cy) {i.e. (c1)o}
(u~b)o = (u-b) - E(u-b)

The B index is virtually unaffected by interstellar extinction. Strdmgren
(1966) also defined the following-reddening free parameters: ]

&ml] =m; + 0,3(b-y)
[cl] = ¢y - 0.2(b-y)
[u-p] = (u-b) - 1.6(b-y)

Where possible, use of these parameters has been avoided for the follow-
ing reasons:

1. Corrections applied to m; and ¢; to calculate [ml] and [01] are gen-
erally larger than corresponding corrections to obtain mgy and cg; con=-
sequently errors arising from imprecise knowledge of the reddening ratios
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w1 propagate larger uncertainties in [ml] and [01]

. ™me scheme of Crawford is a more "natural" system in that my and co
T2 he the same as m; and c; for unreddened stars.

ﬁ‘ n

3. Mpdel calibrations of uvby photometry with Tgpp and log g by Relyea
& Torucz (1978) are in terms of (b-y)g, my, co and (u-bJg.

Iv:sion of the main sequence band from B0-G2 into four sections.

Tiosely following the scheme of Stromgren (1966), stars on or near
zie mzin sequence, in the spectral range B0-G2, are considered as be-~
Lorzizz to one of the following four sections (see also Perry, Walter &
Ir=wford 1978):

zrly group, spectral types B0-A0; 2.59 < B < 2.88
Intermediate group, types AO-A3; 2.87 < 8 < 2.93

“zte group, division I, types A3-F0; 2.72 < B < 2.88
group, division II, types F1-G2; 2.60 < B < 2.72

Ir =3dition Zhang (1983) has produced calibrations for BO-AO0 supergiants
an* *right giants, while Olsen (1984) has extended uvby photometry into
+#= szpectral range G2-M2 for luminosity classes IV and V.

™e=se boundaries are not rigidly defined, with one group blending into
z%e mext, consequently for some stars it will be difficult to decide on
" == croup to process them in. Because of this, program UVBYBETA is
#mrerzctive allowing the user to process data in more than one group
smere the assignment to a group is uncertain or ambiguous. In such bor-
fi==_ *-= czses the other colours can be used to differentiate between
#-ozrs, but care must be exercised as some of these colours can be sub-
axzr=ially reddened, particularly (b-y).

)

s
—

Zrouc 1: Spectral types BO-AO, luminosity classes III-V

¥=r dereddening the (u-b) colour index, program UVBYBETA uses a re-
wiz=? Tzrsion of the expression given by Crawford (1978), obtained by
=mrlinz a linear relation between the intrinsic (b-y) and (u-b) colours
wik the reddening ratios given by Crawford & Mandwewala (1976). If B
f#iz mot available it is estimated using a cubic equation in cg. This
sm=Tion is a least-squares fit to data for luminosity class V given in
W=~z I7 of Crawford (1978) with values for cy > 0.8 taken from Table I
zf == same reference (s.e. = $0.007 mag.)

™= zbsolute magnitude is calculated using the calibration of Balona
B Ehu»uwook (1984), the radius is then determined by linking the calcu-
T=ve: .. with the Fy, (b-y) relation given by Moon (1984).

:ffectlve temperature is determined from a linear relation between
=g =& S.pp {= 5040/Toppt. This equation is a least-squares fit to data
& ztzrs with fundamentally determined effective temperatures as given
#y Toce ot al. (1976) {see Davis & Shobbrook 1977}.

%e-z71licity is not as useful a parameter in the case of B stars as it
#= ?zr later spectral types; it is calculated here for completeness.
e TIMS value of mgy is calculated from a cubic equation in co fitted to
#me f=-= in Table I of Crawford (1978) revised at the red end of this
czlizr=tion in accordance with Hilditch et al. (1983). The standard
e =7 this fit is +0.003 mag., and 8my = my(ZAMS) -~ mg(star).




Groups 2,3 & 4: Spectral types B0-BY, supergiants and bright giants.

Dereddening equations for each luminosity class were derived by coup=~.
ling linear relations between the cq and (u-b)y colours (determined from
Table IV of Zhang (1983) with the reddening ratios given by Crawford &
Mandwewala (1976). Where B is not available program UVBYBETA calculates
it from the cy colour index using equations fitted to Table V of Zhang
(1983) {s.e. = *0.015 mag.}.

My is determined by using the AB, AMy relation given in Table VIII of
Zhang. A quadratic equation was fitted to these values to within a stan-
dard error of *0.,02 mag. In place of the ZAMS values of My given by Craw-
ford (1978), My(ZAMS) is calculated from a cubic equation given by Balona
& Shobbrook (1984). Here B(ZAMS) is calculated through a quadratic equa-
tion in cp fitted to Table I of Crawford (1978) with revisions at cqg =
1.00 and 1.07 as outlined by Hilditch et al. (1983). A linear relation
between Beff and (u-b)y was determined by coupling the Teqff, [spectral
type] table of Bshm-Vitense (1981) with the uvbyB, [spectral type] table
of Zhang (1983).

Group 5: Spectral types AQ0-A3, luminosity classes III1-V,

-.Reddening is determined through an iterative method outlined by Hil-
ditch et al. (1983); in program UVBYBETA the (b-y), colour index is ex-
pressed as quadratic equations in mg and [m;] (s.e. = 0.001 mag.). If
B is not given it is evaluated from uvby colours using a relation which
is the average of a relation for estimating B8 from mg and ¢g for earlier
stars (least-squares fit to class V values in Table II of Crawford 1978),
and that for estimating B from (b-~y) and c¢; in the case of later spectral
types (Crawford 1966). ‘

Between A0 and A3, the Hydrogen Balmer lines reach a maximum. Con-
sequently B alone is no longer an adequate indicator of luminosity, so a
linear combination of B (luminosity indicator for group 1) and ¢; (lum-
inosity indicator for groups 6 & 7) is used to determine My. The meth-
od and relations given by Stromgren (1966) are used, with cl] suitably
transformed to co and corrections as given by Moon & Dworetsky (1984).

A linear equation between 6off and the dereddened a parameter (defin- |
ed by Stromgren 1966) was determined using data for stars with empiric-
~ally determined effective temperatures (Code et al. 1976). The metal-
licity is given by 8mg = mo(ZAMS) - mg(star) where mg(ZAMS) is calculated
using an equation in (b-y)y derived from the standard relations of Hil-
ditch et al. (1983) {s.e. = *0.0007}.

Group 6: Spectral types A3-FO, luminosity classes III-V.

If B has not been measured it is estimated from (b-y) and c; using
the relation given by Crawford (1966). Values of c;(ZAMS) and My(ZAMS)
given in Table I of Crawford (1979) are synthesized by dividing the B
range of this group into three sections. Hence linear equations for ‘
c1(ZAMS) as a function of B match tabulated values precisely as do My (ZAK
values as a function of B for the ranges 2.72 < B £ 2.74 and 2.74 £ B £
2.82. For 2.82 < B < 2.88, My(ZAMS) is estimated through a quadratic
equation in B which fits the tabulated values to within a standard error)
of +0.003 mag. My is calculated from My(ZAMS) and 8c; via the relation
given by Crawford (1979).

my (ZAMS) is evaluated from a quadratic equation in B fitted to the
data in Table I of Crawford (1979) and &my is given by m;(ZAMS) - m;(-
star); (b-y)p and hence reddening is calculated from equations given by
Crawford (1979). Teff is determined from a linear relation between 0Oerf
and (b-y)o derived by transposing the Teff, (B-V) calibration of Bohm-



Fi-=nse (1981) into 6e¢rf, (b-y)o values using Table II of Crawford &
Zerry (1966). Giants may be up to 200 K cooler than this "main sequ-
=rce™ value of Teff.

Zroup T: Spectral types F1-G2, luminosity classes 111V,

Zilditch et al. (1983) suggested a revision to the F star calibra-
-2~ of Crawford (1975) so that the blue end of this calibration coin-
-:das with the red end of the calibration for A stars (Crawford 1979).
i~ sp, Olsen (1984) has revised Crawford's My(ZAMS) values at B = 2.59
=~4 2.60, and the m;(ZAMS) value at g = 2.59., Formulae used in program
—72YBETA were derived from Table I of Crawford (1975) with these revis-
ions applied.

where B has not been measured it is estimated from a "corrected" val-
32 of (b-y), determined through an iterative procedure involving the use
af &m; to correct the observed (b-y). Group 7 is divided into two ran-
zes in order to synthesize Table I of Crawford (1975).. For B < 2.65,
calculated values are determined to within a standard error of +0.002
rag. from a quadratic relation in 8. A cubic equation in R suitably
predicts values of My(ZAMS) over the whole range of B (s.e. = 20.011
mag.). My is then calculated from My(ZAMS) using the relation of Craw-
ford (1975). Note that the correction factor in this equation is a func-
+30n of B; (b-y)o is calculated via the relation given by Crawford and
reddening subsequently evaluated.

Teff is calculated using the same equation used in group 6 while dm;
is given by m;(ZAMS) - m; (star), where my (ZAMS) is calculated from a
guadratic equation in B which fits tabulated values to within a s.e. =
#0.001 mag.

Group 8: Spectral types G2-M2, luminosity classes Iv & V.

Preliminary calibrations for G2-M2 dwarfs and subgiants have been
carried out by Olsen (1984). Dereddening relations were not explicitly
given by Olsen but can be inferred from the standard relations given in
his Table VI. To facilitate the calculation of reddening relations this
group has been divided into three ranges, i.e. 0.39 < (b-y) < 0.65, 0.65
< (b-y) < 0.79 and 0.79 < (b-y) < 1.00, where linear equations between
intrinsic colours have been combined with reddening ratios given by Craw-
ford & Mandwewala (1976) to determine the dereddening equations used in
this program.

For the first range, 0.39 < (b-y) £ 0.65, ZAMS values of ¢ are syn-
thesized by a cubic equation in (b-y)o (s.e. = *0.007 mag.) and My (ZAMS)
values are calculated via a quadratic relation in (b-y)o which fits the
tabulated values within a standard error of +0.011 mag. 1In the range
0.65 < (b-y) < 0.79, ¢y (ZAMS) is calculated using a quadratic relation
in (b-y)o (s.e. < *0.001); My(ZAMS) is evaluated using a quadratic equ-
ation in (b-y)o (s.e. = *0,002 mag.). For 0.79 < (b-y) < 1.00, c)(ZAMS)
is given by a quadratic equation in (b-y)o (s.e. < x0.001 mag.) and My-
(ZAMS) is determined using a quadratic relation in (b-y)o (s.e. = 0,006
mag.).

Over the entire range of (b-y) for this group, m;(ZAMS) is given by
a quartic equation in (b-y)o (s.e. = +0.006). Colour differences §ci
and &m; are formed in the usual way and equations (3) & (5) of Olsen
(1984) are used to calculate My. Teff is given by Olsen's equations (8)
& (9). The radius is determined from a linear Fy, (b-y)o relation which
has been defined for 0.39 < (b-y)o < 1.00 using stars with measured uvby
colours and known angular diameters.




Metallicity indicator.

For A0~G2 stars the metallicity indicator &m; (or 8mp) calculated in
program UVBYBETA is not the same as that determined by Stromgren (1966)
as B now forms the independent variable whereas, under Stromgren's orig-
inal scheme, (b-y) was the independent variable (see Crawford 1975).
However the following categories probably suffice to classify population
types approximately, according to this calculated metallicity and to
isolate metallic-line or peculiar stars,

Range of dm, Category
Sm; < -.010 Am and Ap stars
-,010 < 8my < 0,025 normal population I stars
0.025 < 8m; < 0,045 Older population I and old disk stars
0.045 < &m; < 0.090 Intermediate population II stars
0.090 < ém;, Extreme population II stars

N.B. The mean 8m; for the Hyades is 0.000, while that for the Sun is 0.018
(Crawford 1975). See also McFadzean et al. (1983).

Output

The designation of the star processed, the group in which this pro-
cessing has occurred, the observed colours and indices, dereddened colours,
reddening, absolute magnitude, radius, metallicity and effective temper-
ature are recorded in a file UVBYOUT.DAT, created by program UVBYBETA.
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ZTT. PROGRAM TEFFLOGG

=" DESCRIPTION OF PROGRAM
I=*roduction.

This program determines Topp and log g from dereddened uvbyf photo-
m=<r7 through relations fitted to the three grids of Moon & Dworetsky
113E5).

The user inputs (b-y)oy mg, co and B for a particular star, then en-
z=s an estimate for Terf. The program returns values of T, pr and log g
sorsistent with the photometry and the least-squares fits to the relevant
section of the grids. Dereddened colours and a reliable first determin-
znion of Topp can be obtained using program UVBYBETA. T.ep and log g
=< recorded in a file called TGOUT.DAT in addition to being displayed on
k= terminal.

-

F=_ztions linking Te and log g9 with uvbyB photometry.

ff

ITt=rztive relations:
T g = 2 2
BT EP it pg,kx * Py k%0 ¥ p4,§6 * P50+ Pg P
3 Y
+ P7’k00 + pS,kB + P9’kco + plO,kB (1)
- pp < 8500 K and 2.0 < log g < 4.5 (k=1)
E=I22T ef for 8500 K < Te < 11000 K and 2.0 < log g < 3.5 (k=2)

= e ff
¥ = 232 T_pp for 10000 K < T_.. < 20000 K and 2.0 < log g < 4.5 (k=3 & 4)
.o _ 2
T T ep =Gy g * qg,klog g : q3,3C0 *+ 9, xR + a5 ;log"g
+ Qg xS0+ Ay 4B (2)

wWeme 5000 K < Te < 8500 K and 2.0 < log 9 < 4.5 (k=1)

<11000 K and 2.0 < log g < 3.5 (k=2)

ff
sl 2500 K < Te

fr
o od 10000 K < Teff <20000 K and 2.5 < log g < 4.5 (k=3 & 4)
€ = s, +s,log Teff + 33(b'9)o + 8,00 + SSB (3)
oz Yeff = tl + t,log g + t3(b-y)o + t4co + tSB (4)

wmere 7500 K < Te < 8500 K and 2.0 < log g < 3.0 (k=1)

ff
Bor---~erative relations in the (a, r) region:

3r* + v4r*2 + vsr*s (5)
2

Los T o= +
= = Vl v

a
,80 + V

¥ = # #2
2= wl + w2ao + w3r + w4a° + w5r (6)

were 5500 K < Teff < 11000 K and 3.5 < log 9 < 4.5 (k=2)
T-s = 5040/6 .

or reff > 20000 K (i.e k=5), the equations of Balona (1984) are

13
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Table 2 Grid points for Moon & Dworetsky (1985).

T, e 1089 (b-y)o Co B Togs log g (b-y)o Co B
6000 2.00 0.339 0.818 2.626 10000 4.50 -0.008 0.930 2.912
6000 2.50 0.342 0.689 2,622 11000 2.00 -0.001 0.765 2.622
6000 3.00 0.343 0.573 2.619 11000 2.50 —0.017 0.878 2.669
6000 3,50 0.345 0.475 2.613 11000 3.00 -0.025 0.925 2.718
6000 4.00 0.345 0.394 2,608 11000 3.50 —0.030 0.930 2,770
6000 4.50 0.345 0.329 2,605 11000 4.00 -0.031 0.899 2.824
6500 2.00 0.259 1,072 2.679 11000 4.50 -0.031 0.839 2,872
6500 2.50 0.267 0.926 2.677 12000 2.00 -0.010 0.573 2.604
6500 3.00 0.274 0.775 2.671 12000 2.50 -0.026 0.690 2.645
6500 3.50 0.281 0.632 2,665 12000 3.00 -0.034 0.743 2.689
6500 4.00 0.287 0.509 2,657 12000 3.50 -0.039 0,759 2.735
6500 4.50 0.292 0.399 2,651 12000 4.00 -0.041 0.746 2,782
7000 2.00 0.184 1,312 2,730 12000 4.50 -0.042 0,710 2.828
7000 2.50 0.198 1.144 2,731 13000 2.00 -0.019 0.429 2,590
7000 3.00 0.210 0.979 2,730 13000 2.50 -0.036 0.554 2.629
7000 3.50 0.221 0.813 2.724 13000 3.00 -0.044 0.607 2.668
7000 4.00 0.231 0.654 2,718 13000 3.50 —0.048 0.625 2,709
7000 4.50 0.239 0.511 2.710 13000 4.00 -0.050 0.618 2,751
7500 2.00 0.095 1.585 2.779 13000 4.50 -0.051 0,590 2.793
7500 2.50 0.128 1.358 2,782 14000 2.00 -0.026 0.308 2.578
7500 3.00 0.150 1.167 2.785 14000 2.50 -0.044 0.447 2.617
7500 3.50 0.165 0,985 2,785 14000 3.00 -0.052 0.503 2.653
7500 4.00 0.178 0.808 2,780 14000 3.50 -0.057 0.522 2,690
7500 4.50 0.190 0.641 2,773 14000 4.00 -0.058 0.517 2.729
8000 2.00 0.044 1.620 2.788 14000 4.50 -0.059 0.493 2.767
8000 2.50 0.051 1.516 2.826 15000 2.00 -0.031 0.193 2.567
8000 3.00 0.075 1,327 2,835 15000 2.50 —-0.052 0.357 2.606
8000 3.50 0.107 1.100 2.836 15000 3.00 -0.061 0.419 2.641
8000 4.00 0.128 0.908 2.836 15000 3.50 —0.065 0.440 2.676
8000 4.50 0.144 0.725 2.830 15000 4.00 -0.066 0.436 2,713
8500 2.00 0.024 1.513 2.752 15000 4.50 -0.067 0.414 2.747
8500 2.50 0.022 1.468 2,809 16000 2.00 -0.032 0.074 2.555
8500 3.00 0.027 1.369 2.851 16000 2.50 -0.059 0.277 2.596
8500 3.50 0.036 1.236 2.880 16000 3.00 -0.068 0.348 2.630
8500 4.00 0.048 1.072 2.893 16000 3.50 -0.072 0.372 2.664
8500 4.50 0.063 0.895 2.895 16000 4.00 -0.074 0.369 2.698
9000 2.00 0.016 1,370 2.710 16000 4.50 -0.074 0.349 2.732
9000 2.50 0.007 1.381 2.773 17000 2.00 -0.027 -0.058 2.543
9000 3.00 0.008 1.323 2,829 17000 2.50 -0.064 0.201 2.586
9000 3.50 0.013 1,225 2.872 17000 3.00 -0.075 0.285 2.620
9000 4.00 0.021 1,095 2,902 17000 3.50 —0.079 0.314 2.653
9000 4.50 0.032 0.939 2.916 17000 4.00 -0.080 0.312 2.685
9500 2.00 0.012 1.197 2.674 17000 4.50 -0.081 0.295 2.718
9500 2.50 -0.001 1,259 2,737 18000 2.50 -0.068 0.125 2.578
9500 3.00 -0.006 1.245 2,798 18000 3.00 -0.081 0.226 2.612
9500 3.50 -0.004 1.181 2.852 18000 3.50 -0.085 0.261 2.642
9500 4.00 0.001 1,080 2,894 18000 4.00 -0.087 0.264 2.675
9500 4.50 0.009 0,947 2.921 18000 4.50 -0.087 0.248 2.706
10000 2.00 0.008 1.034 2,651 20000 2.50 -0.069 -0.019 2.558
10000 2.50 =-0.007 1.124 2,707 20000 3.00 -0.089 0.117 2.596
10000 3.00 -0.014 1.140 2.765 20000 3.50 -0.096 0.168 2.626
10000 3.50 -0.015 1.106 2.823 20000 4.00 -0.098 0.179 2.656
10000 4.00 -0.013 1.036 2,875 20000 4.50 -0.098 0.170 2.685
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