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Damped forced harmonic oscillator

𝑥̈ − 𝛼𝑥̇ + Ω-.𝑥 = 𝑓 𝑡 = 𝐴𝑒345

Look for steady-state solutions  𝑥-𝑒345

⇒ 𝑥- =
7

489:49:3;

resonance for Ω ≈ Ω-
formally infinite response as 𝛼 → 0



Near-circular orbits of disk stars near radius 𝑅- with a 
weak rotating perturbing potential

𝜙A(𝑅, 𝜃, 𝑡) = 𝜙" 𝑅 cos𝑚 𝜃 − Ω"𝑡

Steady-state solution

𝑅A = − A
I

JKL
JM

+ .48KL
M 48:4L MNM8

cos𝑚 Ω- − Ω" 𝑡

where  Δ = 𝜅-. − 𝑚. Ω- − Ω"
.

Response of stellar orbits 𝑅 = 𝑅- + 𝑅A satisfies

𝑅̈A + 𝜅.𝑅A = − A
I

JKL
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cos𝑚 Ω- − Ω" 𝑡
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Ω" = Ω-⏤ corotation resonance

Δ = 0⏤ Lindblad resonance:  Ω" = Ω- ± 𝜅-/𝑚



ILR



Ω-~ 26 km/s/kpc
Ω"~ 20 km/s/kpc
ILR ~ 2 kpc
CR ~ 9-10 kpc
OLR ~ 13 kpc
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l = 2p / k
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Convention:
k > 0 for a 
trailing spiral
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