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−α,−δ = operational losses ∝ social capital (cohesion),

−β,−γ = battlefield losses ∝ scope (battle wisdom),

ηcos(t), ζcos(t) = reserves ∝ material capital (supplies),

a = −α; b = −β; c = −γ; d = −δ; f = η;h = ζ,

~X′(t) =

[
a b

c d

]
~X(t) +

[
fcos(t)

hcos(t)

]
,

~X(0) =

[
x0

y0

]

g = a+d
2
,

λ =

√
a2+2ad+4cb+d2

2
.

.

~X(t) = ~Xh(t) + ~Xp(t) = ~Xh(t) +

[
xp(t)
yp(t)

]
.

~Xp(0) =

[
xp(0)
yp(0)

]

=



g+λ−d
2λ

[ −f
g+λ
− hb

(g+λ−d)(g+λ) ]

− g−λ−d
2λ

[ f
−g+λ + hb

(g−λ−d)(−g+λ) ]

(g−λ−d)(g+λ−d)
2λb

{[ f
g+λ

+ hb
(g+λ−d)(g+λ) ]

−[ f
−g+λ + hb

(g−λ−d)(−g+λ) ]}

.

~X(t) =

1
2λb

[[[

{{{[g + λ− d][(b)(y0 − yp(0)) + (x0 − xp(0))(g − λ− d)]}}} e(g−λ)t
[
−b

g+λ−d
1

]
e(g−λ)t

[
−b

g+λ−d
1

]
e(g−λ)t

[
−b

g+λ−d
1

]

+++ {{{[(x0 − xp(0))(g − λ− d)(2λ)] + [g + λ− d][(b)(y0 − yp(0)) + (x0 − xp(0))(g − λ− d)]}}} e(g+λ)t
[
−b

g−λ−d
1

]
e(g+λ)t

[
−b

g−λ−d
1

]
e(g+λ)t

[
−b

g−λ−d
1

]
]]]

+


{ 1
2λ
}{[g + λ− d][(sin(t))(f + hb

g+λ−d )− (cos(t))( f
g+λ

+ hb
(g+λ−d)(g+λ) )]

−[g − λ− d][(sin(t))(f + hb
g−λ−d ) + (cos(t))( f

−g+λ + hb
(g−λ−d)(−g+λ) )]}

{ (g−λ−d)(g+λ−d)
2λb

}{[(sin(t))(f + hb
g−λ−d ) + (cos(t))( f

−g+λ + hb
(g−λ−d)(−g+λ) )]

−[(sin(t))(f − hb
g+λ−d )− (cos(t))( f

g+λ
+ hb

(g+λ−d)(g+λ) )]}

.

1


