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Outline

I The problem
I Waveforms look ugly
I Modeling and hybridization are hard

I The solution(s)
I Schmidt frame
I O’Shaughnessy frame
I Minimal-rotation frames
I Corotating frame

I Quaternions� Euler angles

2



Waveforms
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Waveforms
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O’Shaughnessy frame

Aab =
∑
`,m,m′

h̄`,m′ 〈`,m′|La Lb|`,m〉 h`,m

Principal eigenvector is radiation axis
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Schmidt frame

max
R

∑
m=±2

|Rh2,m|2
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Results
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Results
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Minimal-rotation condition

Minimal-rotation (tilted and untilted)

γ = 0 untilted

γ = 0 tilted

0−2.5×105−5×105

Time before merger (t/M)

0

0.005

0.01

0.015

0.02

0.025
W

av
ef

or
m

fr
eq

ue
nc

y
(M

ω
2
,2
)

8



Minimal-rotation condition

(R−1 Ṙ) · Z = 0

R → R eγ Z

γ̇ = −(R−1 Ṙ) · Z
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Corotating frame

min
∫ d

dt

∣∣∣e−i ~θ(t)·~L h(t)
∣∣∣2 dS2

~̇θ = ~BT A−1

Aab =
∑
`,m,m′

h̄`,m′ 〈`,m′|La Lb|`,m〉 h`,m

Ba =
∑
`,m,m′

=
[

˙̄h`,m′ 〈`,m′|La|`,m〉 h`,m
]
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Comparing methods

Image credit: Ochsner & O’Shaughnessy, arXiv:1205.2287
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Quaternions� Euler angles

I Clear geometric interpretation
I No coordinate singularities (unlike Euler angles)
I Operators (like rotation matrices)
I Trivially invertible
I Simple logarithm and exponent
I Linear and spline interpolation

12



Summary

Waveforms are now described by:
1. The inertial frame
2. The rotating frame
3. The waveform modes in the rotating frame
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