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Further details relating to the integrations performed in the main manuscript are given here:

1. Integration on spherical shell of radius r for the expression below
J(f - v) ds
where 7 is a unit vector pointing from origin to shell, ¥ is a constant vector.
7 =sinf cosp X +sinfsinpy + cosb Z
V=vX+v,y+v,2
ds = r?sin 0 dpdo
where 6 and ¢ are angles in spherical coordinates.
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2. Integration on spherical shell of radius r for the expression below
f(f - 0)2(f - u) fds
where U is a constant vector.
U=uX+u,y+u,z
Thus
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3. Integration in equation (6)
R 1 N — R — R
E = —Wp_(O)dV f (2p-(0) + 27 - Vp_(0) — 2p)7dsdr
Because of spherical symmetry, [ 7ds = [ —7ds = 0. Thus
- 1 — R =3\ -
Fo=- Trer3 P- (O)de (Zr - Vp_(O)) rdsdr

Using equation (A1), we obtain
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4. Integration in equation (10)



ﬁi,:—ﬁoﬁp_( Jav [ ! ((r Vi (0)) - (r-vﬁ_(a))—%(f-(f-va_(ﬁ)))2>(p_(6)+f

“Vp_ (O)) rdsdr

a0 [ 3( (250 +7-95.®)-(20.0) +7-75.0)
_ 237 <F (25-(0) + 7 va_(a)))2> (20 - p-(8) — - Vp_ (8)) Fasar

We drop the higher order terms, which has a product of 7 - Vp_ (6) and 7 - Vu_ (6)

o= = a0 [ ((r v5.(0))- (7 v5.(0))
o7 (75 @)) ) (- s
- @ [ 5.0+ 7-95.0)- (2.0 +7-92.0)
(7 (25-@) + 7 v (6)))2> (20 - p_(0)) Fasdr

2r
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-Vp_ (0)) rdsdr
Because of spherical symmetry, f?ds = f—?ds = 0. Thus the first and second terms of the above
equation equal zero.
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Using equation (Al & A2), we obtain

i = ﬁp_(a)dVi(ﬁ (©)-5.(8)) r2dr - wrvp_(0)
a0 0)dv 55 r2dr e ((5.(0) - 5-(0)) vo_(0)
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Integration in equation (14)
o 1 — 20 /o L\ -
F, = ~mer p_(O)deCTr - (r - Va_(O)) rdsdr
N 2 - . S\ e
dmegr? p_(O)deCT(p+(O) +7- Vp+(0))r . a_(O)rdsdr
We drop the higher order terms, which has a product of 7 - Vp,. (6) and7 - 2a_ (6)
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Because of spherical symmetry, fF (7 -wrds = [(-7) - ((-=7) - u)(=7)ds = 0. Thus
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Fp=———=p_(0 )dec—z(pJ,(O))r-a_(O)rdsdr
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We also use the approximation p, (0) =~ p, and use equation (A1). Then
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