
Other Effects on Stellar 
Structure and Evolution
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Stellar Evolution in a Nutshell

𝑀 ≲ 0.5 M⨀ ⟶ fully convective

 0.5 M⨀ ≲ 𝑀 ≲ 2.25 M⊙

⟶ RG (H shell fusion) ⟶ (He flash) He core fusion + mass loss
⟶ AGB + CO core fusion + mass loss
⟶ PN ejection + CO WD (0.55 M⊙) 

 2.25 M⨀ ≲ 𝑀 ≲ 10.5 M⊙ ⟶ He ignition in ND condition

✓ 𝑀 ≲ 8.5 M⊙ ⟶ CO WD (< 1.1 M⊙)

✓ 8.5 M⊙ ≲ 𝑀 ≲ 10.5 M⊙ ⟶ electron deg O and Ne core

⟶ AGB + ONe WD ([1.1 .. 1.37] M⊙)
Iben
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Effect of Rotation
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Flattening 𝒇 = Τ𝒂 − 𝒃 𝒂
(Ellipticity or oblateness)
↔ density and (balance 
between gravitation force 
and centrifugal force)

cf, eccentricity 𝑒 = 1 −
𝑏2

𝑎2

1/2

𝑎: semimajor axis; 𝑏: semiminor axis
Τ𝑏 𝑎: compression factor; aspect ratio

Jupiter: Τ1 16 ≈ 6%
Saturn: 1/10
Sun: 1/100000
Moon: 1/900
Earth: 3/1000 (𝐷eqatorial 42 km more than 𝐷polar; bulge)



Solar Rotation 

The Sun rotates slowly, 
≈ 2 km s−1 @equator 
(𝑃~25 d)

Slower at  higher 
latitudes (𝑃~34 d at 
poles). 

Differential rotation in 
the convective region; 
rigid rotation in the 
radiative region 
(< 0.7 𝑅⊙)
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𝓋eq~ 2 km/s

𝑃 = 25.6 d

Solid-body rotation in 
the radiative interior

Differential 
rotation in the 

convective zone
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Rotation vs Spectral Type
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7https://aa.oma.be/stellar_rotation

https://aa.oma.be/stellar_rotation


Rotation vs Stellar Mass

✓ Massive stars are fast rotators.

✓ Rotation declines in the F 
type (convection? disk?)

✓ Low-mass stars spin down 
quickly early on (disk-star  
coupling via B field), and then 
experience weak-breaking on 
the MS due to magnetic 
breaking and winds.

Kawaler (1987)

1.5 𝑀⊙; F0; 6 𝐿⊙

𝑣𝑐𝑟𝑖𝑡 = Τ𝐺𝑀 𝑅
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✓ The fastest single rotators, other 
than remnant objects such as 
neutron stars, are Be stars; as fast as 
~450 km/s, close to break-up speed

✓ Mass loss preferentially along the 
equators

✓ Stars no longer spherical

✓ Giants and supergiants rotate slowly 
because of angular momentum 
conservation.
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Bodenheimer (1971) ApJ, 167, 153

Rotation law: 
angular momentum distribution 
𝑗 𝑚𝔴 as a function of, 𝑚𝔴, the mass 
fraction interior to the cylinder of 
radius 𝔴 about the rotation axis.

𝐷: solid body rotation

→
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→

Gray p. 376

Line blending

HR 3664 G6 III

HR 9024 (OU And) 
G1 IIIe

𝑣 sin 𝑖 = 21.6 km/s

𝑣 sin 𝑖 = 4.6 km/s
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MESA Isochrones and Stellar Tracks (MIST)
https://waps.cfa.harvard.edu/MIST/interp_isos.html

PARSEC (CMD3.7 – STEV the OAPd server; Pardova)
http://stev.oapd.inaf.it/cgi-bin/cmd

https://waps.cfa.harvard.edu/MIST/interp_isos.html
http://stev.oapd.inaf.it/cgi-bin/cmd
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Effect of Magnetic Field



Stellar Magnetism 

Magnetic field may be 
important in star 
formation; governing 
mass (charged and neutral) 
flow; 𝑩 usually not 
important in stars, except 
in compact objects, such 
as in WDs or NSs.

Typical field strengths

Earth/Sun ~ 1 G 
(sunspots ~kG)

Ap/Bp ~103 G
White dwarfs ~ 106 G
Neutron stars ~ 1012 G
Magnetars ~ 1015 G (1011 teslas)
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So stellar magnetism may be important only at the 
beginning and at the end of a star’s life.
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Some chemically peculiar (CP) stars, usually hot MS stars 
(~10%, Ap and Bp stars), with B field in the outer layer to 
stratify specific elements in the atmospheres (Ap/Bp stars), 
e.g., He, N, and O to diffuse and settle into deeper layers, while 
others, e.g., Mn (Manganese 錳), Sr (Strontium 鍶), Y 
(Yttrium 釔), Zr (Zirconium 鋯) are radially “levitated” to the 
surface → spectral peculiarities.  

The bulk chemical composition of the entire star remains 
normal = that of ISM

Some CP stars have no strong field (Am stars). 
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Camenzind 1990

accretion columns

accretion 
hot spots

magnetospheric
cavity

~2 kG

An RS Canum Venaticorum
(CVn) binary



A pulsar is a rapidly rotating neutron star (not  pulsating). 
19



If a star has a weak radial magnetic field 𝐵𝑟 , and if the 
star rotates differentially, 𝐵𝑟 is stretched horizontally 
and will be amplified after a few rounds, B𝜙 ≫ 𝐵𝑟

→ Spruit dynamo

M dwarfs exhibit rapid, irregular flares, bright in the 
blue and UV.

Ultracool dwarfs (< 1000 K) are magnetized, a few kG,
and emit radio radiation

20
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Beginning of an 11-year 
cycle → a few sunspots 
appear at mid-latitude; 
progressively more in 
number and at lower-
latitudes. 



Bobcock’s magnetic dynamo model

The magnetic field gets increasingly tangled because of the  
differential rotation.  The field breaking through the 
surface is parallel to the surface and suppresses upward 
convection → cooler and lower elevation (sunspots)
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Surface inhomogeneity (𝑇 fluctuations, composition 
variations, 𝐵 fields, activity) → distortion across 
spectral lines as the star rotates

Diagnosed by brightness variations due 
to starspots, or by Doppler imaging

The BD Luhman 16b by the VLT 24



Surface magnetic field of 

SU Aur (a young star of T 

Tauri type), reconstructed 

by Zeeman-Doppler 

imaging
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Effect of Binarity



Binary Stars

The binary fraction of young stars comparable to that of MS stars.  

Star formation = Binary formation = Cluster formation

One of the solutions (alternative: a disk and planets) to the 
angular momentum problem during SF

Intricate 
magnetic 

interaction 
between binary 

components 27



Solar-type stars, 
(singles):(doubles):(triples):(quadrupoles)=42:46:9:2
(Abt & Levy 1976)

A smooth period distribution 
peaking ~14 yrs

Mass ratio 
→ fission (for close pairs), and 
→ separate protostellar

contraction (for wide pairs)
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Close binaries →mass and 
momentum exchanges

Originally more massive component 
as the primary

Strong tidal forces 
→ orbit/spin synchronization 

Detached, semi-detached, contact 
systems

Some with common envelopes

Numerous high-energy phenomena
29



RS CVn stars: eruptive variables 
and close binary systems

30
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Effect of Mass Loss



Mass Loss 

Every star loses mass in every stage of evolution.

1

2
𝑚𝑣𝑒𝑠𝑐

2 =
𝐺𝑀𝑚

𝑅

i.e., due to kinetic energy of gas at the stellar surface.

Alternatively, there could be mechanisms to accelerate the 
particles, e.g., coronal winds (stars with surface convection 
→ acoustic waves, like the Sun), radiative winds (photon 
momentum), line-driven (continuum-driven, dust-driven) winds, 
rotation-driven (pulsation-driven) winds.
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Unsöld

Mass loss (Reimers 1975) 

ሶ𝑀 ≈ 4 × 10−13
Τ𝐿 𝐿☉

Τ(𝑔 𝑔☉) ( Τ𝑅 𝑅☉)
[M☉ yr−1]

𝑔 = Τ𝐺𝑀 𝑅2

Sun now ሶ𝑀 ≈ 2 × 10−14 M☉ yr−1

Cool supergiants ሶ𝑀 ≈ 10−7 −10−5 M☉ yr−1
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Metal-rich →mass loss ↑
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Lamers and Cassinelli, Introduction to Stellar Winds, Cambridge, 1999

→
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Stellar Variability 

Every star varies in brightness.  

The solar constant
The flux density of the solar irradiance 
at 1 au, including all frequencies

An average value; not a physical 
constant; it varies 

1.361 ΤkW m2 at solar minimum; 
0.1% greater at solar maximum
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Kitchin
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Intrinsic variability physical

✓ Pulsating (RR Lyr; Cepheids, RV Tau; Mira; 𝛿 Scu; ZZ Ceti)

✓ Rotational (magnetic, spotted)

✓ Eruptive (novae, SNe, CVs, X-ray binaries; symbiotic; flare)

Extrinsic variability non-physical

✓ Eclipsing (by stars, planets, dust clumps; EA; EB; EW)

✓ Gravitational microlensing

Some young variability (Orion var., T Tauri stars, Be stars) 
could have more than one mechanism.
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Period-luminosity relation for 
pulsating variables
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YZ CMi

Moffett (1974)A stellar flare from an M dwarf
41



https://vs-compas.belastro.net/bulletin/issue/2/p642
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Other Main Sequences

Kippenhahn & Wright
Chap. 23
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Compared to H-MS, 
He-MS: 𝑅 ↓ but 𝐿 ↑↑

Kippenhahn & Weigert
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