
P (x)



x



Pi



g(x)



xi



w



P (x) ≡
∑
i

Pi w
−1 g[(x− xi)/w],



where



∫
g(x)dx = 1, and

∫
g(x) ‖x‖2 dx ≈ 1.



b



Nb



tbh



h



a



Tbh =
∫ abh

0
P [xbh(a)]da.



xbh(a)



a = 0



abh



Tbh



θbh



ebh = (tbh − Tbh)/ cos(θbh/2).



min
Pi

=
∑
b

∑
h

(ebh −
1

Nb

∑
h′
ebh′)2.



u(t,xs,xr)



t



s



r



(x, y, z)



z



xs



xr



T (x,xs)



1/v(x) ≡
∥∥∥∇xT [x,x′]

∥∥∥



R(x,xs)



T



R



x′



u(t,xs,xr) =
∫
dx m(x) δ[t− T (x,xs)− T (x,xr)] R(x,xs) R(x,xr) gain(t).



gain(t) = t2



m̂(xb) =
∑
s,r

∫
dt u̇(t,xs,xr) δ[t− T (xb,xs)− T (xb,xr)] R(xb,xs) R(xb,xr) gain(t).



xc ≡ (xr + xs)/2



xh ≡ (xr − xs)/2



m̂h(xb) =



∑
c

∫
dt u̇(t,xc − xh,xc + xh) δ[t− T (xb,xc − xh)− T (xb,xc + xh)] ·



· R(xb,xc − xh) R(xb,xc + xh) gain(t).



û(t,xc − xh,xc + xh) =



∑
b

m̂h(xb) δ[t− T (xb,xc − xh)− T (xb,xc + xh)] ·



m̂h(xb)



xh



p



p[x,x′] ≡∇xT [x,x′]



T [x,x′] =
∫ x

x′
p[x′′,x′] · dx′′,



∇× p = 0



P



P (x) ≡
∥∥∥p[x,x′]

∥∥∥



∇2T = 0



x(a)



‖dx(a)/da‖ ≡ 1



d

da
x(a) ≡ p[x(a),x(a0)]/P [x(a)].



T [x(a),x(a0)]



=
∫ a

a0
da′

d

da′
T [x(a′),x(a0)]



=
∫ a

a0
da′ ∇T [x(a′),x(a0)] ·

d

da′
x(a′)



=
∫ a

a0
da′

∥∥∥p[x(a′),x(a0)]
∥∥∥ ∥∥∥ d

da′
x(a′)

∥∥∥



=
∫ a

a0
da′ P [x(a′)]



x(a0)



p(a0)



d

da
p[x(a),x(a0)] = ∇xP [x(a)].



xbh = [xb, yb, zbh]



(xb, yb)



zbh



qbh



‖qbh‖ ≡ 1



m̂h(xb) ≈ f [(xb − xbh) · qbh]



f(·)



{xbh



qbh}



xb



xbh



xh = (xr − xs)/2



xc = (xr + xs)/2



p(xbh,xc + xh)



p(xbh,xc − xh)



max
xc

∥∥∥[p(xbh,xc − xh) + p(xbh,xc + xh)] · qbh

∥∥∥



p(xbh,xc − xh) + p(xbh,xc + xh) = 2 P (xbh) cos(θcbh/2) qbh,



where cos(θcbh) ≡ [p(xbh,xc − xh) · p(xbh,xc + xh)]/P (xbh)2.



θcbh



tch(xbh) = T (xbh,xc − xh) + T (xbh,xc + xh).



xc



tch



pch = ∇xctch



∇xc ≡ (∇xs + ∇xr)/2



max
xbh

∥∥∥[p(xc − xh,xbh) + p(xc + xh,xbh)] · pch

∥∥∥



{tch,pch}



{xbh,qbh}



tch(xbh)



∆tch(xbh) ≡ tch(xbh + ∆xbh)− tch(xbh) = 2P (xbh) cos(θcbh/2)qbh ·∆xbh.



∆x̂cbh =
∆tch(xbh)

2P (xbh) cos(θcbh/2)
qbh.



ecbh ≡
∆tch(xbh)

cos(θcbh/2)
.


