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Outline:

1. Numerical methods: pseudospectral multidomain evolution.
2. Binary black hole evolutions using the KST formulation.
3. A new generalized harmonic formulation.
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I. Numerical Methods:
Pseudospectral Multidomain Evolution
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Use pseudospectral discretization

• Write solution as sum of N basis functions φk(x): u(x, t) =
∞
∑
k=0

ũk(t)φk(x).
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• Construct discrete inverse transform: ũk(t) =
N−1

∑
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wnu
(N)(xn, t)φk(xn).

– Requires careful choice of collocation points {xn}.
– Can transform at will (with no error!) between u(N)(xn, t) and ũk(t).
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• Construct discrete inverse transform: ũk(t) =
N−1

∑
n=0

wnu
(N)(xn, t)φk(xn).

– Requires careful choice of collocation points {xn}.
– Can transform at will (with no error!) between u(N)(xn, t) and ũk(t).

• To solve nonlinear hyperbolic PDEs:

– Compute derivatives in spectral space.
– Compute nonlinear terms in physical space.
– Time integration via method of lines.
– Boundary conditions imposed analytically on characteristic fields (so excision is trivial).

Mark A. Scheel, NumRel2005, Nov 3, 2005 3



Characteristic decomposition

• Einstein evolution equations written in
first-order hyperbolic form.

• Hyperbolicity guarantees complete set of

– characteristic fields uα̂

– characteristic speeds v(α̂)
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Characteristic decomposition

• Einstein evolution equations written in
first-order hyperbolic form.

• Hyperbolicity guarantees complete set of

– characteristic fields uα̂

– characteristic speeds v(α̂) t

u− u+• Boundary conditions required on
all incoming (v(α̂) < 0) characteristic fields.
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Domain decomposition

• Spectral domain must be mapped to simple shape.
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Domain decomposition

• Spectral domain must be mapped to simple shape.

• For multiple holes,
use multiple subdomains.

• Subdomains evolve ’independently’

⇒ Natural parallelism

• Boundary conditions: fill ingoing characteristic fields from neighbor.
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