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Non-homogenous system of differential equations

ngx—l—b

dt

Transformation to homogenous system by substitution!

. -1
A Ccllf:XJrA_lb Z=X+ A 1b dz_dx
X:Z—A b dt dt
dZ 1 dZ
= — —=A
L =A@-ATD)+b L =Az

z=¢e" "z where  z,=x,+ A’'b
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Re-substitution gives
x+A lb=ert (xg+A 7 b)

re-organization leads to

x =gttt (Xq +A! b)—A_1 b
x=etxp+er AT pb-A"lD

Substituting for eAt yields:

x=YeM U xg+Xe" ' U; A 'b —A D
I 1

1
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Example: Interaction quartz — water

Initial
conditions:
t=0
[Si] = [Si]°
QD — QDO

+_dQD =-k,Qp Q = const.

dt
dng; Ng;

=k Qp +k1Q—k27
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i 9 Lol =i
ariaolcs. — Xy, Ng; = X — =

{_ Ko 0 det A = Ko ks
A: k2
k, —-2 ) _
A% « oy
AoV {(1)”%5) (=" kg } Ko
dx ko k, 241 CN242, v v
E:AXHD D70 (=D77 (ko) s
Decomposition of A: A =UAU"
{ko %0 n, =— K2
det k, =0 \4
oV b=k
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Au, =\ u, Au, =X, u,
“ko 0 ry, upg “ko 0 g, ky | up2
K _ky u | Ko u kg k2 up |  V|u
0 v |Lu21 21 v |Lu2 2
kp
—ko uyp =-ko upy -k U2 == v
ko upy —k—2U21 =—ko up ko upy —k—2u22 __k Uy
\4 \% \%
k
ko U11=(72—k0j1121 up =0
choosing unitary , ,
let uy =1 vector gives: ujy +uz =1
ky —koV
then ull = Uno =1

koV
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k, —koV 1 0
U1: k V kO—V — koV O
; ky—koV k, —k.V
2 0

0 0
0
UHW—V 1} KV
|| k,—koV K, —koV

In general: X = Zexi ' U; xg + Zexi ' U; A'p —A7lp

1 1

For two dimensional system:
X = e}\'l tUl X0 + 67‘2 tUz X0 +

+e'U AT D +e2'U,ATb-ATD
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X| = X? e Kot
koVx? oo koVx? 2o K k,VQ e ¥ kQV
Xy= —0 "L el 0 "7l eV 41xJeV - e vV +
k, —koV k, —koV K, K,
X| = X? e Kot
kQV -t 0 &t kOVXl —kat _&t
Xy = 1 1- e \ + Xy € \ 0 Cc \
Ko k, —koV
Qp= Qpe !
k,QV L -2tk VQO _ky
ng = — I— eV |+nde V 4+ 20" XD} gRot_ oV
k, k, —koV
k
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