> restart
> AA = array([[0,0,1,0], [0,0,0,1],[-10,4,0,0], [4,-4,0,0]])

0O 010
0 001
AA =
-10 4 00
4 -400
_> Xcero = arra ( 4 L 0 O])
' 160 107
1
Xcero = 5 10 0 0]
;> with(linalg) :
| > MatExp := exponential(AA, t) :
> MatExp[1, 1]; evalf (%, 3)
8cos(2\/?t) +ZCOS(\/7t)

(2V3 +v2) (2V3 —=V2)

0.800 cos(3.46 t) 4+ 0.200 cos(1.41 ¢)
> MatExpl4, 4]; evalf (%, 3)
2 cos(2\/?t) + 8 cos(ﬁt)
(V3 +V2) (2V3 -V2)

0.200 cos(3.46 ¢t) 4+ 0.800 cos(1.41 1)

> SolPart = evalm(MatExp &* Xcero) :
> x[1]1(z) = SolPart[1];xx[1] == evalf (%, 3)

1 8c0s(2\/?t) +2cos(\/7t) -I—L -4 cos(Z\/Tt) +4cos(\/7t)

B 2y3+vy2) (2v3—v2) 10 (23 +v2) (2V3 -V2)
xx; = 0.0134 cos(3.46 1) +0.0533 cos(1.41 1)

> x[2](¢) = SolPart[2];xx[2] = evalf (%, 3)

1 -4 cos(2\/?t) +4cos(\/7t) +L ZCOS(Z\/?t) +8cos(\/7t)

By +vy2) @y -vy2) 10 (2y3+y2) (V3 -V2)
xx, = -0.0067 cos(3.46 ¢) +0.107 cos(1.41 ¢)

> EcuaOrig := simplify(eval(diff (x[1](¢), 182) =-6-x[1](¢) +4-(x[2](t) —x[1](2))))

EcuaOrig = - 3 cos(ﬁt) _ 4 cos(Z\/?t) = - % cos(ﬁt) — % cos(Z\/?t)

75 25
> EcuaOrigDos = simplify(eval(diff (x[2](¢), t$2) =-4- (x[2](¢) —x[1](¢))))

EcuaOrigDos = 2 cos(2 \/?t) _ 16 cos(ﬁt) . cos(Z\/?t) — % cos(ﬁt)

] 25 75 25
> plot({x[11(1), x[2](1) },1=0..10)

x, (1) =

X, (1) =

0y

2

(&)

(C))

(6))

()

)

®



0.10
0.05
0 T T T 1
] 4 6 8 \0
t
-0.051
-0.101
;> restart
> AA = array([[0,0,1,0],[0,0,0,1],[-10,6,0,0], [6,-6,0,0]])
0O 010
0 001
AA = L))
-10 6 00
6 -6 00

> Xcero = array(

6 1
40° 103030])
Xcero=| —— — O 0\ 10)

;> with(linalg) :
| > MatExp := exponential(AA4, t) :
> MatExp[ 1, 1]; evalf (%, 3)

(“cos(V8—2vT0 £) /8 —2v10 (8+2yT10) "+ (8—2yT10)
% cos(8—2vT0 1) /842410




( J8—2J10 Js+2yT0 V10
+2c0s(V8 =240 £) /8—2v10 J8+2y10 10
+2c0s(V8—2vT0 £) /8 —2vT0 V84210 +56cos(s/8—2vT0 1)
—2cos(V 81240 £) /8 —2VT0 V842710 +24cos(\/8+2T0 1)
20 cosl 5200 VT — 1260l 52770 1 m)/ (fe—2vm
Siray) (soavio s r2vm0) Va2t ) + (1((s—2y10) sin({5 2.
_ssin(f5=2vm0 ) S5 —2vie s rzvie))/ (5=
i) (soavio + s e2v10) Vi 2410 )

i 0.335 cos(1.30¢) +0.656 cos(3.78 ¢) a1
> MatExpl4,4]; evalf (%, 3)

(-cos(/8 =210 1) V8—210 (8+24T0)" +(s—2/T0)

“eos(Vs—27T0 o) S8 +2/T0

—2cos(V8+2vT0 1) S8 —24T0 V842410 VIO
+2cos(V8—2vT0 1) /8 —24T0 /842410 VIO

(V8=2vT0 ) V82410 V8 +2410 +24cos(yV8—2yT0 ¢)

+2cos(V8+2vT0 1) V8 —2VT0 /842410 +56cos(y/8+24T0 ¢)
e F2VT0 1) YT — 2000872V 1) m)/ (fs =2y
Jsr2vi0) (Vs—2vio Vs r2v0) Ve—2vio ) + (1((s—2y10) (V5 2.
_ssin(/5=2v10 ) 52y Jarziw)/ (s=2vm
Jsr2yi0) (Js—2v10 +V512v10) V52410 )

0.654 cos(1.30 ¢) 4+ 0.341 cos(3.78 1) (12)

;> SolPart := evalm(MatExp &* Xcero) :
> x[1]1(z) = SolPart[1];xx[1] == evalf (%, 3)

5 (1) == = (cos(8—24T0 ) V8 —2T10 (8+2yT0) +(8—2yT0)’

20
% cos(V8—2vT0 1) 8 +24T0

“2cos(8+2vT0 1) /8 —2yT0 V8 +2410 V10
+2cos(8—2vT0 1) /8 —24yT0 V8 +2410 V10
+2cos(8—2vT0 1) V8 — 210 V8 +2v10 +56cos(/8—2yT0 ¢)
“2cos(8+2vT0 1) V8 —2vT0 V8 +2410 +24cos(V8+2vT0 ¢)

— 2 cos \/8-1—2\/ 10 ¢

\—/\—/\—/\—/

— 2 ¢cos




—20cos<\/8—2mt)\/l_—12cos<\/8+2m )J_)/((\/s 210
—\/8+2m)(\/8—2m+\/8+2m)\/8 2@) ( 1((8—2v10)  sin({3

—8sin(V8—2yT0 ) /8 —2410 \/8+2m))/(( 8 —2J10

_Js+2v10 ) (Vs—2vT0 +\/8+2m>2\/8—2m)
L L ~6cos/8—2410 1) +6cosly8 +2T10 1)
0 ([s—27T0 +/8+2v10 ) (Vs—2v10 —JV8+2410 )

xx, == 0.0978 cos(1.30 7) +0.0508 cos(3.78 1) 13)
[> x[21(¢) = SolPart[2]; xx[2] = evalf (%, 3)

3 6cos(/8— 2410 1) +6cos(y8 12410 ¢) L
" (Vs—2v10 +/s+2v10 ) (Vs—2y10 —/s+2v10) "
~cos(V8 =210 1) /82710 (3+2y10)" +(8-2710)’
Zeos(V8 =210 1) V8 +24T0
“2cos(8+2vT0 1) /8 —2yT0 V8 +2410 V10
+2cos(8—2vT0 1) /8 —2yT0 V8 +2410 V10

(V8—2v10 £) /8 —2vT10 V842410 +24c0s(vV8—2v10 ¢)
+2cos(/8+2vT0 1) V8 —2¢T0 V8 +2v10 +56c0s(/8+2vT0 ¢)
el (52T ) VT —20cosl T E 2T w—>/ (fs v

—\/8+2m)(\/8—2m+\/8+2m)\/8 2m)+( 1((8=2v10) " sin(/8
—8sin<\/8—2mt)\/8—2m\/8+2m))/(< 8 — 210
_Jer2yi0) (Js—2v10 +Vs12v10) Vs —2710)

X, (1) =

— 2 ¢cos

xx, = 0.137 cos(1.30 ¢) — 0.0373 cos(3.78 ) (14)
> EcuaOrig == szmplzjfj/ (eval(diff (x ), 192) =-4-x[1](¢) +6-(x[2](¢) —x[1](8))))
EcuaOrig = - E (cos(y/8 = 2\/ 10 )\/8 2J10 J8+2410 V10 15)

+cos(V8+2vT0 £) /8 —27T0 V8 +2v10 V10

“2cos(V8—24T0 1) /8 —27T0 J8 42410

+2cos(8 12410 )8 — 2710 V842710 +12c0s(v8 —2vT0 ¢) VIO
+4cos(V8+24T0 1) V0 — 36 cosl 8—2mt)—4cos(mt))/




(V8—2vT0 V84210 V10 +8T0 —20) =
2’;0 (cos(V8—2vT10 ) /8—2vT0 J8+2410 V10

+oos(V8 12410 )8 —27T10 V842410 V10
“2cosly8—2vT0 1) /8 —2yT0 V32410
+2c0s(8 12410 )8 — 2710 V842710 +12c0s(v8 —2vT0 ¢) VIO
+4cos<mt)\/l_—36cos<mt)—4cos( 8+2mt))/
(V8—2v10 J/8+2410 10 +8T0 —20)

=> EcuaOrigDos = simplify(eval(diff (x[2](t), t$2) =-6-(x[2](¢) —x[1](¢))))

EcuaOrigDos = 23—0 (cos(/8—2vT0 1) /8 =240 V8 +2v10 V10 (16)

+oos(V8+2vT0 £) /8 —27T10 V8 +2410 V10
“8cos(8—2vT0 1) /8 —2yT0 V842410
+8cos(v/8 12410 )8 — 2710 V842710 +24cos(v8 —2v10 ¢) VIO
—8COS<m1)m—84COS<m1)+44COS(mt))/
(V8—2v10 J/8+2410 10 +8T0 —20)

- (eosV8 =210 1) /82710 J8+2/T0 V10

+oos(V8 12410 )8 —27T10 V842410 VIO
“8eosly/8—2vT0 1) /8 —2yT0 V842410
+8cos(y/8+2vT0 1) V8 — 210 V8 +2410 +24cos(\/8— 2710 ) VIO
—8cos<\/mt)\/l_—84cos<mt)+44cos( 8+2mt))/
(V8—2y10 V8 +2410 10 +810 —20)

> plot({x[11(1).x[21(1)}, £=0..10)




0.157
0.10;
0.05;
0 7 ‘
1 10
t
-0.05;
-0.10;
;> restart
> AA == array([[0,-50], [200,-2001]])
B 0 -50
200 -200
[> BB := array([60 cos(60 1), 0])
BB:=| 60cos(60t) 0 |
_> Xcero = array([0,0])
Xcero = [ 00 ]
;> with(linalg) :
> MatExp = exponential( AA, t)
e 1007 L 190 o100 50 o 1001
MatExp .=
200 1o 100¢ ¢ 1007 100 4o 1007

(> SolHom = evalm( MatExp &* Xcero)
SolHom := [ 00 ]

a7

(18)

19)

(20)

ey



> MatExpTau == map(rcurry(eval, t =t — tau'), MatExp)
MatExpTau = (22)

e 10001007 4 100 (;—g) ¢ 1007+ 1007 -50 (1 — 1) ¢ 1001+ 1007
200 (1 — 1) ¢ 1007+ 1007 g 1001 +100T _ g (4 g) o 1001+ 1007
(> BBtau = map(rcurry(eval, t =tau'), BB)
BBtau = [ 60 cos(60T) 0 ] 23)

> ProdTau == evalm(MatExpTau &* BBtau)
ProdTau =60 (e "1+ 100 (1 —1) ¢ "' T1°7) cos(60 1), 12000 (¢ (24)

) 100 I00T (60 1) ]

:> SolNoHom := map(int, ProdTau, tau=0 ..t) :
> plot(SolNoHom[1],t=0..0.000001)

2.%x 10°

1.%x 10°

-1.x 10°

-2.%x10°

(> plot(SolNoHom[21], t=0..0.000001)




6.x 10777

5.x107°
4.%x 1077
3.x 1077
2.x 1077
1.x107°
0 T T T T T T T T T 1
0 2.x10°7 4.x1077 6.x10°7 8.x10°7 1.x10°°
t
;> restart
> AA == array([[0,-501], [200,-200]])
B 0 -50
200 -200
[> BB := array([60,0])
BB = [ 60 0 ]
_> Xcero = array([0,0])
Xcero == [ 00 ]
;> with(linalg) :
> MatExp = exponential( AA, t)
e—lOOz+ 100 &~ 1001 50 o 1001
MatExp .=
200 1o 100¢ e—lOOt_ 100 &~ 1007

(> SolHom = evalm( MatExp &* Xcero)
SolHom := [ 00 ]

(25)

(26)

27

(28)

(29)



> MatExpTau == map(rcurry(eval, t =t — tau'), MatExp)
MatExpTau =

100041007 4 400 (1—1) o~ 1007+1007 -50 (1 —1) 1007 +1007
200 (1 —1) o~ 1007+1001 o 1007+100T 400 (1—1) 1007 +1007
=> BBtau == map(rcurry(eval, t =tau'), BB)
BBtau:=| 60 0 |
=> ProdTau == evalm(MatExpTau &* BBtau)
ProdTau = | 60 ¢ 1001 T100T 1 ¢000 (1—1) o 1007+100T 45000 (1—1) 1007 +1007 ]
=> SolNoHom = map(int, ProdTau, tau=0 ..t) : evalf (%, 3)
| -60.1¢7% 1207 4120 ~120. 167" 1207 4120 |
> plot(SolNoHom[ 11, 1=0.0.1)

0.8

0.6 1

0.4+

0.2

0 0.02 0.04 0.06 0.08 0.10

=> plot(SolINoHom([2],t=0.0.1)

(30)

(€2Y

(32)

(33)



0.8 1

0.6 1

0.4+

0.2

0 0.02 0.04 0.06 0.08 0.10

> plot(SolNoHom[ 1] — SolNoHom[2], =0 .0.1)




0.20
0.154

0.10+

0.05+

0 0.02 0.04 0.06 0.08 0.10



