Barycentric tools for CLUSTER

Gérard CHANTEUR CETP/IPSL - CNRS & UVSQ, Vélizy, France

IASB, Brussels, February 24-25, 2003

A1. Reciprocal vectors and tensor

Reciprocal vector ⃗k4 = ⃗r12×⃗r13

⃗r14.(⃗r12×⃗r13)

Reciprocal tensor K =^∑4ν=1 ⃗kν⃗k tν

Digest of barycentric tools for CLUSTER, February 2003

A2. Gradient of a vector field

Definition d ⃗At = d⃗r t ⃗∇ ⃗A

Estimator G of ⃗∇ ⃗A G =^∑4α=1 ⃗kα ⃗A tα

Digest of barycentric tools for CLUSTER, February 2003

B1. Covariance of spacecraft positions

Definition ⟨δ⃗rγ δ⃗r tν ⟩

Simplifying hypothesis ⟨δ⃗rγ δ⃗r tν ⟩ = δγ,ν ⟨δ⃗r δ⃗r t⟩

Digest of barycentric tools for CLUSTER, February 2003

B2. Covariance of reciprocal vectors

General expression ⟨δkαi δkβj⟩ =^∑4γ=1^∑4ν=1 ⃗k tα ⟨ ⃗δrγ ⃗δr t ν ⟩ ⃗kβ kγikνj

Simplified expression ⟨δkαi δkβj⟩ = ⃗k tα ⟨δ⃗r δ⃗r t⟩ ⃗kβ Kij

Digest of barycentric tools for CLUSTER, February 2003

C1. Planar surface in uniform motion

⃗rα(tα) = ⃗rα(t0) + ⃗V (tα − t0)

Digest of barycentric tools for CLUSTER, February 2003

C2. Timing normal and normal velocity

⃗Q =^∑ α tα⃗kα Vn =^( ⃗Q · ⃗Q^)

−1/2

⃗N = Vn ⃗Q

Digest of barycentric tools for CLUSTER, February 2003

C3. Covariances of ⃗N and Vn

C = (Δt)2 + ⃗Q t⟨δ⃗r δ⃗r t⟩ ⃗Q ⟨δ ⃗Q δ ⃗Q t⟩ = C K ⟨δ ⃗N δ ⃗N t⟩ = C V 2n^(I − ⃗N ⃗N t^) K^(I − ⃗N ⃗N t^) (ΔVn)2 = C V 4n ⃗N t K ⃗N

Digest of barycentric tools for CLUSTER, February 2003

C4. Cone of uncertainty

(Δθ)2 = ⃗e t⟨δ ⃗N δ ⃗N t⟩ ⃗e

Digest of barycentric tools for CLUSTER, February 2003

Bow shock 2000/12/22 08:20-40 UT

Earthward Sunward

Digest of barycentric tools for CLUSTER, February 2003

D1. Curvature of field lines ⃗T and ⃗N, unit vectors, tangent and normal ⃗B = B ⃗T d ds ⃗T = ⃗N R d ds ( ⃗T × ⃗N) = ⃗N T Digest of barycentric tools for CLUSTER, February 2003

D2. Curvature of field lines

Link with the gradient of the field B R ⃗N = (⃗∇ ⃗B) t ⃗T −^[ ⃗T t(⃗∇ ⃗B) t ⃗T^] ⃗T

Estimator of the curvature B R ⃗N =^∑4α=1(⃗kα · ⃗T )^[ ⃗Bα − ( ⃗T · ⃗Bα) ⃗T^]

Digest of barycentric tools for CLUSTER, February 2003