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Abstract

There is a great difference for stellar density from center to surface. If we think stellar density is
homogeneous, it will get obvious error when we calculate stellar gravitational potential energy
and star formation timescale. Using Eggleton’s code, we construct a series of zero age main se-
quence models of stars, with 6 metallicities and 30 masses. In Eggleton’s code, a star is divided into
199 homogeneous shells, with the same center. We get the accurate formula of gravitational po-
tential energy for every shell, and calculate the potential energy for the whole star. Furthermore,
we calculate the coefficient of stellar gravitational potential energy and star formation timescale.
Our results are coincident with previous data and observation of young cluster.
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Figure 1. Schematic drawing of stellar shell
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Figure 2. The coefficients of gravitational potential energy of stars with
different masses, whose metallicities are 0.02. The solid line denotes the
coefficients of gravitational potential energy of homogeneous spheres,
just as 0.60
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Figure 3. The gravitational potential energy releasing in the
formation of stars with different masses, whose metallicities
are 0.02
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Figure 4. The formation timescale of stars with different masses,
whose metallicities are 0.02

E 4. AEIREEENFEEEE, €RFER 0.02

Table 1. The coefficients of gravitational potential energy of stars with different masses and different metallicities. Stellar
masses are in unit of solar mass

# 1 TRRE. TEERFEEENSINBERY. EERBUKMHREANBN

1 & Z =0.0001 Z=0.001 Z =0.004 Z=0.01 Z=0.02 Z=0.04
0.1259 0.8482 0.8483 0.8483 0.8481 0.8478 0.8472
0.2512 0.8524 0.8525 0.8526 0.8526 0.8526 0.8525
0.5012 0.9398 0.9673 0.9691 0.9421 0.9215 0.9134
1.0000 1.5528 1.6137 1.6026 1.4988 1.4120 1.3813
1.9953 1.4725 1.5710 1.7190 1.8497 1.9427 2.0035
3.9811 1.3789 1.4546 1.5615 1.6568 1.7313 1.7925
7.9433 1.3186 1.3677 1.4359 1.5013 1.5583 1.6150
15.8489 1.2763 1.3058 1.3491 1.3957 1.4429 1.5069
31.6228 1.2482 1.2682 1.3014 1.3428 1.3974 1.4904
63.0954 1.2396 1.2581 1.2932 1.3499 1.4407 1.6423
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Table 2. The gravitational potential energy releasing in the formation of stars with different masses and different metallicities.
Stellar masses are in unit of solar mass. Potential energy is unit of joule, 3.753E40 denotes 3.753 x 10*° joules

2 TRRE. TRERFEEEEERMIEPRERASI NG, EERSUKEREAN LM, [EEMS]IHEEEIUL
EH L, 3.753E40 7R 3.753 x 10V E£H

(VY5 Z =0.0001 Z=0.001 Z=0.004 Z2=0.01 Z2=0.02 Z2=0.04
0.1259 3.753E40 3.600E40 3.492E40 3.377E40 3.254E40 3.110E40
0.2512 8.419E40 8.160E40 7.972E40 7.826E40 7.677E40 7.464E40
0.5012 2.114E41 2.075E41 2.021E41 1.974E41 1.932E41 1.889E41
1.0000 6.802E41 6.702E41 6.468E41 6.188E41 5.951E41 5.776E41
1.9953 2.179E42 2.105E42 2.006E42 1.912E42 1.819E42 1.704E42
3.9811 5.845E42 5.246E42 4.902E42 4.652E42 4.422E42 4.132E42
7.9433 1.426E43 1.269E43 1.184E43 1.124E43 1.071E43 1.005E43
15.8489 3.563E43 3.172E43 2.956E43 2.797E43 2.646E43 2.419E43
31.6228 9.330E43 8.296E43 7.664E43 7.122E43 6.552E43 5.990E43
63.0954 2.534E44 2.238E44 2.025E44 1.826E44 1.688E44 1.579E44

Table 3. The formation timescale of stars with different masses and whose metallicities. Stellar masses are in unit of solar
mass. Star formation timescale is in unit of year, 3.255E8 denotes 3.255 x 10° years

3 3. FERE. TREBFEIEENHKITR. EERELUKAREAEN. [EEMFKBFRLERBAL, 3.255E8
KRR 3.255 x 10° 4

(VY5 Z =0.0001 Z=0.001 Z=0.004 Z2=0.01 Z2=0.02 Z2=0.04
0.1259 3.255E8 3.995E8 4.514E8 5.020E8 5.478E8 5.684E8
0.2512 1.789E8 2.210E8 2.546E8 2.784E8 2.980E8 3.200E8
0.5012 1.162E8 1.309E8 1.562E8 1.821E8 2.046E8 2.200E8
1.0000 1.706E7 1.842E7 2.225E7 2.834E7 3.504E7 3.974E7
1.9953 3.145E6 3.267E6 3.629E6 4.187E6 4.780E6 5.112E6
3.9811 7.293E5 6.946E5 7.154E5 7.618E5 8.002E5 7.772E5
7.9433 1.929E5 1.768E5 1.727E5 1.714E5 1.671E5 1.495E5
15.8489 6.448E4 5.817E4 5.487E4 5.206E4 4.838E4 4.077E4

31.6228 2.963E4 2.654E4 2.450E4 2.254E4 2.014E4 1.693E4
63.0954 1.902E4 1.689E4 1.526E4 1.362E4 1.225E4 1.066E4
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