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Stellar mass is calculated by multiplying the luminosity to the mass-to-light ratio.
The mass-to-light ratio can be estimated from the absorption line indices Dn(4000) and Hδ, which
provide constraints on the ages and star formation histories, and are mostly unaffected by extinc-
tion. (1)
The luminosity, however, suffers from dust attenuation and must be corrected, otherwise the stel-
lar mass will be underestimated. (1)
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(a)

slope =αV = ∆log (M/L)

∆log (t )
∼ 0.4− (−1.6)

10−7
= 0.67 (1)

(b)
∆B −V

∆log(t )
∼ 0.5−0.1

9−8
= 0.4 and

∆V −K

∆log(t )
∼ 2.4−1.6

9−8
= 0.8 (1)

B −V = 0.4 log10t +constant and V −K = 0.8 log10t +constant

−2.5 log10
FB

FV
=−2.5 log10

M/LV

M/LB
∝ 0.4 log10t and −2.5 log10

M/LK

M/LV
∝ 0.8 log10t

M

LB
∝ M

LV t−0.16 ∝ t 0.83 and
M

LK
∝ t 0.35 (1)

(c)

αU ∼ −1.1− (−2.7)

9−8
= 1.60 (1)
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(a) A population of constant star formation is equivalent to an infinite number of single bursts
over infinitesimal time intervals. (1)

For U band,
M

LU
(T ) =

∫ T

0

M

LU
(t )d t =

∫ T

0
t 1.60d t ∝ T 2.60

Similarly,
M

LB
(T ) ∝ T 1.83,

M

LV
(T ) ∝ T 1.67, and

M

LK
(T ) ∝ T 1.35 (1)

(b)

(U −B)(T ) =−2.5 log10
FU

FB
=−2.5 log10

M/LB

M/LU
=−2.5 log10

T 1.83

T 2.6 = 1.9 log10T

(B −V )(T ) =−2.5 log10
FB

FV
=−2.5 log10

M/LV

M/LB
=−2.5 log10

T 1.67

T 1.83 = 0.4 log10T

(V −K )(T ) =−2.5 log10
FV

FK
=−2.5 log10

M/LK

M/LV
=−2.5 log10

T 1.35

T 1.67 = 0.8 log10T (1)

The time dependence of colors of a population with constant star formation is the same as that
of a simple stellar population.
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Licquia & Newman, 2015, ApJ, 806, 96 (1)
Total stellar mass of MW = 6.08 ± 1.14 × 1010 M¯
Stellar mass of MW’s bulge+bar = 0.91 ± 0.07 × 1010 M¯

Tamm et al., 2012, A&A, 546, 4 (1)
Total stellar mass of Andromeda galaxy = 10-15 × 1010 M¯

Typical stellar mass of galaxies = 1010.6 ∼ 4 × 1010 M¯. The total stellar mass of the Milky Way is
comparable to the typical stellar mass of galaxies in general, while that of Andromeda galaxy is a
few times more massive than the typical value. The bulge of Milky Way is a few times less massive
than the typical value. (1)
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(a) Distances can be converted from measured angles by assuming a set of cosmological pa-
rameters including the Hubble constant, H0. The dependence of measured quantities on H0, thus
h, can usually be factored out nicely. Singling out h from the measured value makes it easier for
users to substitute in the latest estimate of H0. (1)
See: https://arxiv.org/pdf/1308.4150.pdf

(b) Integrated correlation function:

4π
∫ r

0
ξ(r ′)r ′2dr ′ = 4π

∫ r

0

(
r

r0

)−γ
r ′2dr ′ = 4πr 3−γ

(3−γ)r−γ
0

(1)

(c) Number of neighbors within r = average number density × integrated 1+ξ(r), since ξ(r) only
gives the fractional excess. (1)
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https://arxiv.org/pdf/1308.4150.pdf


Solve for r in:

0.008h3M pc3 ×4π
∫ r

0
(1+

(
r

5.2h−1M pc

)−γ
)r ′2dr ′ = 1

r = 0.66h−1M pc (1)

(d) No correlation means there is no excess at any radii, i.e. ξ(r) = 0. (1)
Again, solve for r:

0.008h3M pc3 ×4π
∫ r

0
r ′2dr ′ = 1

r = 3.1h−1M pc (1)
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(a)

(1)
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(b)

(1)

slope = ∆MI

∆log10(t )
' −9− (−12.5)

10−8
= 1.75 → MI ∝ log10(t 1.75)

MI ∝−2.5log10(L I ) ∝ log10(t 1.75) → L I ∝ t−0.7

Assuming a constant stellar mass, M/LI ∝ t0.7. (1)
The luminosity of a galaxy dominated by red giant stars with a Salpeter IMF varies with time as L
∝ t−0.46. Therefore, M/L ∝ t0.46, which is shallower than our results. (1)
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(a) Stellar lifetime τ varies like M
L (amount of fuel divided by energy output rate). Given the

mass-luminosity relation of L ∝ M3.5, τ∝ M−2.5. The Sun’s lifetime is ∼109 years.

At 10 Myr, stars that are more massive than ∼10 M¯ have evolved off the main sequence. Still,
there are more massive stars in case 1 than in case 2, since the case 2 IMF has an upper cut-off of
1 M¯. As a result, the case 1 SED will be significantly bluer than that of case 2. (1)

At 11 Gyr, stars that are more massive than ∼1 M¯ have evolved off the main sequence. The most
massive stars in the two cases then have the same mass. As a result, their SEDs look similar. (1)

(b) The case 1 SED will evolve quickly during the 11 Gyr as the IMF extends to 100 M¯, and that
massive stars evolve more quickly than low-mass stars. It will also have more spectral features that
can be used in breaking the age-metallicity degeneracy. Thus the case 1 age can be determined
accurately. (1)

The case 2 SED will not change much during the 11 Gyr as the most massive stars are only 1 M¯,
which have only just started to evolve off the main sequence. Therefore the case 2 age cannot be
determined accurately. (1)
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(c) If case 2 is the underlying IMF but case 1 is assumed instead, and that the true age is
less than 11 Gyr, the age will be (over-)estimated to be 11 Gyr based on the color, which can be
explained by stars that are more massive than 1 M¯ have evolved off the main sequence. However,
the mass still locked up in main sequence stars will be quite accurate if one assumes evolved stars
have mostly returned their mass to the ISM. (1)

The efficiency of metals ejected by massive stars will be over-estimated because there were never
that many massive stars in the case 2 IMF. (1)
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