A Solution Manual For

Differential equations and their
applications, 4th ed., M. Braun

—
Martin Braun

Differential
Equations and
Their Applications

Fourth Edition

Nasser M. Abbasi

October 12, 2023



Contents

1 Section 3.8, Systems of differential equations. The eigenvalue-eigenvector
method. Page 339

2 Section 3.9, Systems of differential equations. Complex roots. Page 344
3 Section 3.10, Systems of differential equations. Equal roots. Page 352 31

4 Section 3.12, Systems of differential equations. The nonhomogeneous
equation. variation of parameters. Page 366 47



1 Section 3.8, Systems of differential equations. The
eigenvalue-eigenvector method. Page 339

1.1 problem 1 . . . . . . . . e
1.2 problem 2 . . . . . . (4]
1.3 problem 3 . . . . . . L e
1.4 problem 4 . . . . . . . .. e e [7]
1.5 problem 5 . . . . . . 8
1.6 problem 6 . . . . . . . .. 101
1.7 problem 7 . . . . .. 12]
1.8 problem 8 . . . . . . e 13l
1.9 problem 9 . . . . . . L 14
1.10 problem 10 . . . . . . . . L e 151
1.11 problem 11 . . . . . . . . e 16l

1.12 problem 12 . . . . . . . . e 17



1.1 problem 1

Internal problem ID [1824]

Book: Differential equations and their applications, 4th ed., M. Braun

Section: Section 3.8, Systems of differential equations. The eigenvalue-eigenvector method. Page
339

Problem number: 1.

ODE order: 1.

ODE degree: 1.

Solve

v/ Solution by Maple
Time used: 0.047 (sec). Leaf size: 35

~N
3

Ldsolve( [diff(x__1(t),t)=6*xx__1(t)-3*x__2(t),diff(x__2(t),t)=2*x__1(t)+1*x__2(t)] J[x__l (t), x_

3ciett
.’El(t) = 12 + CzGSt

zo(t) = cre* + cpe®

v/ Solution by Mathematica

Time used: 0.007 (sec). Leaf size: 60

DSolve [{x1' [t]==6*x1[t]-3*x2[t],x2' [t]==2%x1[t]+1*x2[t]},{x1[t],x2[t]1},¢t, IncludeSﬁngularSolut

N

x1(t) = €% (c1(3e" —2) —3ca(e' — 1))
x2(t) = € (2c1 (" — 1) + (3 — 2¢%))



1.2 problem 2

Internal problem ID [1825]

Book: Differential equations and their applications, 4th ed., M. Braun

Section: Section 3.8, Systems of differential equations. The eigenvalue-eigenvector method. Page
339

Problem number: 2.

ODE order: 1.

ODE degree: 1.

Solve

z5(t) = —4z1(t) + 3z2(t)

v/ Solution by Maple
Time used: 0.032 (sec). Leaf size: 35

Ldsolve( [iff(x__1(t),t)=—2*xx__1(t)+1*x__2(t),diff(x__2(t),t)=—4*x__1(t)+3*x__2 (t)\J] , [x__1(t),

zo(t) = e ey + cpe®

v/ Solution by Mathematica

Time used: 0.003 (sec). Leaf size: 71

DSolve [{x1' [t]==-2*x1[t]+1*x2[t],x2' [t]==-4*x1[t]+3*x2[t]},{x1[t],x2[t]},t, Includ%SingularSol

N

1
x1(t) — ge_t((cz —c1)e” +4ci — )

1
x2(t) — ge_t(—4(cl — 2)e” + 4t — ¢y)



1.3 problem 3

Internal problem ID [1826]

Book: Differential equations and their applications, 4th ed., M. Braun

Section: Section 3.8, Systems of differential equations. The eigenvalue-eigenvector method. Page
339

Problem number: 3.

ODE order: 1.

ODE degree: 1.

Solve

z)(t) = 3z1(t) + 222(¢) + 4z3(t)
zo(t) = 221 (t) + 2z3(t)

v Solution by Maple
Time used: 0.094 (sec). Leaf size: 66

Ldsolve([diff(x__1(t),t)=3*x__1(t)+2*x__2(t)+4*x__3(t),diff(x__z(t),t)=2*x__1(t)+qu__2(t)+2*x

t —t

5 —

xl(t) = CQCSt — C.?;Le — © 261
8t —t

.'Eg(t) = 0226 + 633 + e_tcl

.’E3(t) = CzGSt + C3e_t



v/ Solution by Mathematica
Time used: 0.01 (sec). Leaf size: 127

LDSolve [{x1' [t]==3%x1[t]+2%x2 [t]+4*x3[t],x2"' [t]==2%x1[t]+0*x2 [t]+2*x3[t],x3' [t] ==4J>«x1 [t]+2%x2[

x1(t) — ée‘t (c1(4€” +5) +2(ca + 2¢3) (e” — 1))
x2(t) — %e‘t((2cl + 3 + 2¢3)e™ — 2(c1 — 4z + ¢3))

1
x3(t) — §e_t(2(2cl + 3 + 2¢3)e” — 4cy — 2¢; + 5es)



1.4 problem 4

Internal problem ID [1827]

Book: Differential equations and their applications, 4th ed., M. Braun

Section: Section 3.8, Systems of differential equations. The eigenvalue-eigenvector method. Page
339

Problem number: 4.

ODE order: 1.

ODE degree: 1.

Solve

zy(t) = Tz1(t) — z2(t) + 623(t)
zo(t) = —10z1(¢) + 4z (t) — 1225(2)
z5(t) = —2z1(t) + z2(t) — z3(t)

v Solution by Maple
Time used: 0.062 (sec). Leaf size: 73

Ldsolve([diff(x__1(t),t)=7*x__1(t)-1*x__2(t)+6*x__3(t),diff(x__z(t),t)=-10*x__1(t{h4*x__2(t)-1

3
T1(t) = _Cle% _ e 3

T (t) = cle2t + 36265t + 203e3t

.’L'3(t) = clezt + CQGSt + 03e3t

v/ Solution by Mathematica
Time used: 0.008 (sec). Leaf size: 137

e

LDSolve [{x1' [t]==T*x1[t]-1*x2[t]1+6*x3[t] ,x2"' [t]==-10*x1[t]+4*x2[t]-12*x3[t] ,x3" [t]\J==-2*x1 [t]1+1

x1(t) = €*(3(c1 + c3)e* — (4c1 + 2 + 3cz)e’ + 2¢1 + o)
x2(t) = €*(—6(c1 + c3)e* + 2(der + c2 + 3cz)e’ — 2¢1 — o)
x3(t) = €*(—2(c1 + ¢3)e* + (de1 + 2 + 3c3)e’ — 2¢1 — ¢3)



1.5 problem 5

Internal problem ID [1828]

Book: Differential equations and their applications, 4th ed., M. Braun

Section: Section 3.8, Systems of differential equations. The eigenvalue-eigenvector method. Page
339

Problem number: 5.

ODE order: 1.

ODE degree: 1.

Solve

zi(t) = =Tz () + 623(t)
z5(t) = 5x2(t)
z5(t) = 6z1(t) + 2z3(¢)

v Solution by Maple
Time used: 0.063 (sec). Leaf size: 45

Ldsolve([diff(x__1(t),t)=-7*x__1(t)+0*x__2(t)+6*x__3(t),diff(x__z(t),t)=0*x__1(t)fF*x__2(t)+0*

caet

r1(t) = —2ce 1% 4

i) (t) =C e5t

r3(t) = cpe™'% + cze



v/ Solution by Mathematica
Time used: 0.023 (sec). Leaf size: 152

LDSolve [{x1' [t]==-T*x1[t] +0*x2[t] +6*x3[t] ,x2' [t]==0%x1[t] +5*x2[t]+0*x3[t] ,x3"' [t]==6*x1[t] +0*x2

1
x1(t) — ge_m((cl + 2¢0)e™™ + 4e; — 2¢5)

1
x3(t) — 56_10t (2(c1 + 2¢2)e™ — 2¢1 + )
x2(t) — cze”

1
x1(t) — ge_m((cl + 2¢0)e™™ + 4e; — 2¢5)

1
x3(t) — 56_10t (2(c1 + 2¢2)e™ — 2¢1 + )

x2(t) = 0
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1.6 problem 6

Internal problem ID [1829]

Book: Differential equations and their applications, 4th ed., M. Braun

Section: Section 3.8, Systems of differential equations. The eigenvalue-eigenvector method. Page
339

Problem number: 6.

ODE order: 1.

ODE degree: 1.

Solve
zi(t) = z1(t) + 2z2(¢) + 3z3(t) + 624(t)
z5(t) = 3z1(t) + 6z2(t) + 9z3(t) + 18z4(t)
z5(t) = 5z1(t) + 10z2(t) + 1523(¢) + 30z4(t)
zy(t) = Tz1(t) + 14z2(t) + 21z3(t) + 4224(2)

v/ Solution by Maple
Time used: 0.078 (sec). Leaf size: 63

‘dsolve([diff (x__1(t),t)=1*x__1(t)+2xx__2(t)+3*x__3(t)+6%x__4(t),diff(x__2(t),t)=3*x__1(t)+6%x

4 e64t

.’I)l(t) == 7 - 963 - 201 - 302

xg(t) = 7 + 7 +c
5cs  Hegett
t) = —
173( ) 7 + 7 + 2

z4(t) = c3 + s
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v/ Solution by Mathematica
Time used: 0.085 (sec). Leaf size: 516

LDSolve [{x1' [t]==1%x1[t]+2%x2 [t]+3%x3 [t]+6%x4 [t],x2"' [t]==3%x1[t]+6*x2[t] +9*x3 [t] +1J9*x4 [t],x3'[

x1(¢)

V1088t (2076(7c1 — ¢4)eV19%8 — (74/1038¢; + 144/1038c, + 211/1038c;3 + 2(5+/1038 — 519) ¢y ) €3 + |
- 14532
x2(t)

. ((3633 —911/1038) c1 + (7266 — 1821/1038) ¢, + 21(519 — 13v/1038) c5 + (389+/1038 — 8304) c4) (2

x3(t)

e~ V1038t (2076(703 — 5ey)eV10% — 5(7,/1038¢; + 14v/1038¢; + 21v/1038¢; + 2(5+/1038 — 519) ¢4) €32 -
- 14532
x4(t)

¢~ ((vioss-2)t) ((7(er + 203 + Bes) + (10 + v/108) ) VIO — 7¢; — 14c, — 21eg + (V1038 — 10) ¢4
2,/1038

_>



12

1.7 problem 7

Internal problem ID [1830)]

Book: Differential equations and their applications, 4th ed., M. Braun

Section: Section 3.8, Systems of differential equations. The eigenvalue-eigenvector method. Page
339

Problem number: 7.

ODE order: 1.

ODE degree: 1.

Solve

(1) = 4z1(t) + 22(t)

With initial conditions
[21(0) = 2,22(0) = 3]

v/ Solution by Maple
Time used: 0.047 (sec). Leaf size: 34

Ldsolve([diff(x__l(t),t) = x__1(®)+x__2(t), diff(x__2(t),t) = 4*xx__1(t)+x__2(%), %L_i(o) =2,

et 7ed
n®) =+

e—t 7e3t
T(t) = Y + 2

v/ Solution by Mathematica

Time used: 0.007 (sec). Leaf size: 43

-

DSolve [{x1' [t]==1*x1[t]+1*x2[t],x2"' [t]==4*x1[t]+1*x2[t]},{x1[0]==2,x2[0]==3},{x1 [\F] ,x2[t]1},t,

N\

x1(t) — ie—t (7e* +1)

x2(t) — €'(4sinh(2t) + 3 cosh(2t))
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1.8 problem 8

Internal problem ID [1831]

Book: Differential equations and their applications, 4th ed., M. Braun

Section: Section 3.8, Systems of differential equations. The eigenvalue-eigenvector method. Page
339

Problem number: 8.

ODE order: 1.

ODE degree: 1.

Solve

z1(t) = 1(t) — 3z2(t)
z5(t) = —2z1(t) + 2z5(t)

With initial conditions
[21(0) = 0,22(0) = 5]

v/ Solution by Maple
Time used: 0.047 (sec). Leaf size: 34

Ldsolve([diff(x__l(t),t) = x__1(£)-3%x__2(t), diff(x__2(t),t) = —2*x__1(t)+2*x__2(}), x__1(0)

r1(t) =3e™t —3e*

To(t) =2 +3e*

v/ Solution by Mathematica

Time used: 0.004 (sec). Leaf size: 37

LDSolve [{x1'[t]==1*x1[t]-3*x2[t],x2' [t]==-2*x1[t]+2*x2[t]},{x1[0]==0,x2[0]==5}, {le[t] ,x2[t]1},t

x1(t) = —3e 7" (e — 1)
x2(t) = e7*(3e” + 2)
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1.9 problem 9

Internal problem ID [1832]

Book: Differential equations and their applications, 4th ed., M. Braun

Section: Section 3.8, Systems of differential equations. The eigenvalue-eigenvector method. Page
339

Problem number: 9.

ODE order: 1.

ODE degree: 1.

Solve
zy(t) = 3z1(t) + z2(t) — z3(t)
To(t) = z1(t) + 3z2(t) — z3(2)
With initial conditions
[21(0) = 1,22(0) = =2, z3(0) = —1]
v/ Solution by Maple
Time used: 0.094 (sec). Leaf size: 27

Ldsolve([diff(x__l(t),t) = 3*kx__1(t)+x__2(t)-x__3(t), diff(x__2(t),t) = x__1(t)+3*x__2(t)-x__3

.’L‘l(t) = 62t
.’ﬂz(t) = -2 ezt
r3(t) = —e*

v Solution by Mathematica

Time used: 0.01 (sec). Leaf size: 30

e

LDSolve [{x1'[t]==3*x1[t]+1*x2[t]-1*x3[t] ,x2"' [t]==1*x1[t]+3*x2[t]-1*x3[t] ,x3"' [t] ==3\J*x1 [t]+3*x2[

x1(t) — e*
x2(t) — —2¢e*

x3(t) — —e*
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1.10 problem 10

Internal problem ID [1833]

Book: Differential equations and their applications, 4th ed., M. Braun

Section: Section 3.8, Systems of differential equations. The eigenvalue-eigenvector method. Page
339

Problem number: 10.

ODE order: 1.

ODE degree: 1.

Solve

) (t) = z1(t) — 22(2)

zo(t) = z1(t) + 2z2(t) + z3(t)
With initial conditions

[1,'1(0) = —1,1’2(0) = —4, .’Eg(O) = ].3]

v/ Solution by Maple
Time used: 0.078 (sec). Leaf size: 37

e

ldsolve([diff(x__l(t),t) = x__1(t)-x__2(t), diff(x__2(t),t) = x__1(t)+2*x__2(t)+x;L3(t), diff(

z1(t) = —2eF + ¢
$2(t) =—4 e_t
z3(t) = 14e " — ¢

v Solution by Mathematica
Time used: 0.008 (sec). Leaf size: 36

LDSolve [{x1'[t]==1*x1[t]-1*x2[t]-0*x3[t] ,x2' [t]==1*x1[t]+2*x2[t]+1*x3[t] ,x3' [t ==1}kx1 [t]+10%x2

x1(t) — 3sinh(¢) — cosh(?)
x2(t) — —4e™?
x3(t) — 13 cosh(t) — 15sinh(¢)
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1.11 problem 11

Internal problem ID [1834]

Book: Differential equations and their applications, 4th ed., M. Braun

Section: Section 3.8, Systems of differential equations. The eigenvalue-eigenvector method. Page
339

Problem number: 11.

ODE order: 1.

ODE degree: 1.

Solve
z(t) = z1(t) — 3z2(t) + 223(t)
h(t) = —xo(1)
T4(t) = —x5(t) — 225(2)

With initial conditions
[21(0) = —2,25(0) = 0,23(0) = 3]

v Solution by Maple
Time used: 0.125 (sec). Leaf size: 24

Ldsolve( [diff(x__1(t),t) = x__1(t)-3*x__2(t)+2*x__3(t), diff(x__2(t),t) = -x__2 (t)J, diff (x__3(

ri(t) = -2
r3(t) = 3e %

v/ Solution by Mathematica

Time used: 0.004 (sec). Leaf size: 26

' DSolve [{x1' [t]==1xx1[t]-3%x2[t]+2*x3[t],x2' [t]==0xx1[t]-1%x2[t]+0%x3[t],x3" [t]==0%x1[t]-1xx2[

x1(t) — —2e~*
x2(t) = 0
x3(t) — 3%
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1.12 problem 12

Internal problem ID [1835]

Book: Differential equations and their applications, 4th ed., M. Braun

Section: Section 3.8, Systems of differential equations. The eigenvalue-eigenvector method. Page
339

Problem number: 12.

ODE order: 1.

ODE degree: 1.

Solve

7 (t) = 3z1(t) + z2(t) — 225(1)
zy(t) = —z1(t) + 222(t) + z3(1)
z5(t) = 41 (t) + z2(t) — 3z3(t)
With initial conditions
[21(0) = 1,22(0) = 4,23(0) = 7]
v Solution by Maple
Time used: 0.078 (sec). Leaf size: 58

Ldsolve([diff(x__l(t),t) = 3xx__1(t)+x__2(t)-2*%x__3(t), diff(x__2(t),t) = -x__1(t)ﬁ2*x__2(t)+x

4e* 28e7?
l’l(t):T— 3 +9et
x (t)—ﬁ—i-se_t
2T s 3
4 2t 2 —t
zo(t) = 2~ D20 | gt

3 3
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v/ Solution by Mathematica

Time used: 0.011 (sec). Leaf size: 75

LDSolve [{x1'[t]==3*x1[t]+1*x2[t]-2*x3[t] ,x2"' [t]==—1*x1[t] +2*x2[t]+1*x3[t] ,x3"' [t]==4*x1[t] +1*x2

28¢e~t 4e2t
9¢t + —
3 + 9¢” + 3

ge—t (e3t + 2)

x1(t) —» —

x2(t) —

52e~t 4e2t
9¢t + —
3 + 9¢” + 3

x3(t) = —
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2.1 problem 1

Internal problem ID [1836]

Book: Differential equations and their applications, 4th ed., M. Braun
Section: Section 3.9, Systems of differential equations. Complex roots. Page 344
Problem number: 1.

ODE order: 1.

ODE degree: 1.

Solve

T (t) = =3z (t) + 2z5(t)
zy(t) = —z1(t) — 22(t)

v Solution by Maple
Time used: 0.031 (sec). Leaf size: 45

e

Ldsolve( [diff(x__1(t),t)=-3*x__1(t)+2*x__2(t) ,diff(x__2(t),t)=-1*x__1(t)-1*x__2 (t)\J] , [x__1(v),

z1(t) = e % (cy sin (t) + ¢y sin (t) — cos (¢) ¢1 + ¢ cos (t))

To(t) = e *(c; sin (t) + ¢ cos (t))

v/ Solution by Mathematica
Time used: 0.005 (sec). Leaf size: 52

LDSolve [{x1'[t]==-3*x1[t]+2*x2[t],x2' [t]==-1*x1[t]-1*x2[t]},{x1[t],x2[t]},¢t, IncludJeSingularSol

x1(t) — e %(c; cos(t) — (c; — 2¢3) sin(t))
x2(t) = e % (cy(sin(t) + cos(t)) — ¢; sin(t))
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2.2 problem 2

Internal problem ID [1837]

Book: Differential equations and their applications, 4th ed., M. Braun
Section: Section 3.9, Systems of differential equations. Complex roots. Page 344
Problem number: 2.

ODE order: 1.

ODE degree: 1.

Solve

v/ Solution by Maple
Time used: 0.047 (sec). Leaf size: 54

Ldsolve([diff(x__1(t),t)=1*x__1(t)-5*x__2(t)+0*x__3(t),diff(x__zct),t)=1*x__1(t)-g}x__z(t)+0*x

z1(t) = e *(cos (t) 1 — cosin () + 2¢; sin () + 2¢; cos (t))

T2(t) = e *(cy sin (t) + ¢y cos (t))

z3(t) = cze’
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v/ Solution by Mathematica
Time used: 0.023 (sec). Leaf size: 120

LDSolve [{x1' [t]==1%x1[t]-5%x2 [t]+0*x3[t],x2"' [t]==1%x1[t]-3*x2[t]+0*x3[t],x3' [t] ==oJ>«x1 [t]-0%x2[

x1(t) — e7*(cy cos(t) + (2¢; — 5ey) sin(t))
x2(t) — e7*(cy cos(t) + (¢ — 2¢o) sin(2))
x3(t) — cze’

x1(t) = e *(cy cos(t) + (2¢1 — 5cp) sin(t))
x2(t) — e *(cy cos(t) + (c1 — 2¢y) sin(t))
x3(t) = 0
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2.3 problem 3

Internal problem ID [1838]

Book: Differential equations and their applications, 4th ed., M. Braun
Section: Section 3.9, Systems of differential equations. Complex roots. Page 344

Problem number: 3.
ODE order: 1.
ODE degree: 1.

Solve
z1(t) = 71 (t)
z5(t) = 3z1(t) + z2(t) — 225(1)
z5(t) = 221 (t) + 2z2(t) + z3(t)

v/ Solution by Maple
Time used: 0.078 (sec). Leaf size: 55

Ldsolve([diff(x__l(t),t)=1*x__1(t)—O*x__2(t)+O*x__3(t),diff(x__2(t),t)=3*x__1(t)+{}x__2(t)—2*x

201et
3

l’l(t) =

e'(3cp cos (2t) — 3cs sin (2t) — 2¢;)

z3(t) = €’ (cgsin (2t) + c3 cos (2t) + ¢;)

v/ Solution by Mathematica
Time used: 0.007 (sec). Leaf size: 91

DSolve[{x1' [t]1==1*x1[t]-0*x2[t]+0*x3[t],x2' [t]==3*x1[t]+1*x2[t]-2*x3[t],x3' [t] ==2%~<x1 [t]+2*x2[

N

x1(t) — cie*

x2(t) — %et(Z(cl + ¢2) cos(2t) + (3c1 — 2¢3) sin(2t) — 2¢y)

x3(t) — %et((203 — 3c1) cos(2t) + 2(cy + ¢2) sin(2t) + 3¢y)



24

2.4 problem 4

Internal problem ID [1839]

Book: Differential equations and their applications, 4th ed., M. Braun
Section: Section 3.9, Systems of differential equations. Complex roots. Page 344
Problem number: 4.

ODE order: 1.

ODE degree: 1.

Solve

z5(t) = z(t) — z3(2)
z5(t) = —2z1(t) — z3(¢)

v/ Solution by Maple
Time used: 0.172 (sec). Leaf size: 66

Ldsolve([diff(x__1(t),t)=1*x__1(t)-0*x__2(t)+1*x__3(t),diff(x__zct),t)=0*x__1(t)+%}x__2(t)-1*x

c3sin(t) cgpcos(t) czcos(t) cosin (2)
n="7% " ~""35 ~~ 3 3

Co sin (t cs sin (t Co cos (t cs cos (t
(= 2RO a0 aws®) aen®)

z3(t) = c3 cos (t) + cgsin (%)

v/ Solution by Mathematica
Time used: 0.006 (sec). Leaf size: 67

LDSolve[{xl'[t]==1*x1[t]—O*x2[t]+1*x3[t],x2'[t]==0*x1[t]+1*x2[t]-1*x3[t],x3‘[t]==iP*x1[t]—O*x2

x1(t) = ¢1 cos(t) + (c1 + ¢3) sin(t)
x2(t) — (c1 + c2)e’ — ¢y cos(t) — (e1 + c3) sin(t)
x3(t) — c3 cos(t) — (2¢1 + c3) sin(t)
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2.5 problem 5

Internal problem ID [1840]

Book: Differential equations and their applications, 4th ed., M. Braun
Section: Section 3.9, Systems of differential equations. Complex roots. Page 344
Problem number: 5.

ODE order: 1.

ODE degree: 1.

Solve

z1(t) = z1(t) — 22(t)
zo(t) = 5z1(t) — 3za(t)

With initial conditions
[21(0) = 1,2,(0) = 2]

v/ Solution by Maple
Time used: 0.031 (sec). Leaf size: 27

e

Ldsolve([diff(x__l(t),t) =x__1()-x__2(t), diff(x__2(t),t) = 5*x__1(t)-3*x__2(t),\J x__100) =1

z1(t) = e " cos (t)

T2(t) = e *(sin (t) + 2 cos (t))

v/ Solution by Mathematica
Time used: 0.007 (sec). Leaf size: 29

‘ DSolve [{x1' [t]==1*x1[t]-1*x2[t],x2' [t]==6*x1[t]-3*x2[t]},{x1[0]==1,x2[0]==2},{x1 [F] ,x2[t]1},t,

x1(t) — e * cos(t)
x2(t) — e *(sin(t) + 2 cos(t))
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2.6 problem 6

Internal problem ID [1841]

Book: Differential equations and their applications, 4th ed., M. Braun
Section: Section 3.9, Systems of differential equations. Complex roots. Page 344
Problem number: 6.

ODE order: 1.

ODE degree: 1.

Solve

With initial conditions

v/ Solution by Maple
Time used: 0.031 (sec). Leaf size: 41

e

Ldsolve([diff(x__l(t),t) = 3*kx__1(t)-2*x__2(t), diff(x__2(t),t) = 4*x__1(t)—x__2(t}), x__1(0) =

e'(—8sin (2t) + 2 cos (2t))
2

$1(t) =

7o(t) = €' (—3sin (2t) + 5 cos (2t))

v/ Solution by Mathematica

Time used: 0.006 (sec). Leaf size: 40

LDSolve [{x1'[t]==3*x1[t]-2*x2[t],x2' [t]==4*xx1[t]-1*x2[t]},{x1[0]==1,x2[0]==5},{x1 [Jt] ,x2[t]1},t,

x1(t) — €*(cos(2t) — 4sin(2t))
x2(t) — €'(5cos(2t) — 3sin(2t))
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2.7 problem 7

Internal problem ID [1842]

Book: Differential equations and their applications, 4th ed., M. Braun
Section: Section 3.9, Systems of differential equations. Complex roots. Page 344
Problem number: 7.

ODE order: 1.

ODE degree: 1.

Solve

z(t) = =3z (t) + 2z3(t)
zy(t) = 21(t) — 22(2)
z3(t) = —221(t) — 22(t)
With initial conditions
[.’El(O) = 0,1172(0) = —1,.’173(0) = —2]
v Solution by Maple
Time used: 0.078 (sec). Leaf size: 95

Ldsolve([diff(x__l(t),t) = —3%x__1(t)+2%x_ 3(t), diff(x_ 2(t),t) = x__1(t)-x__2(t)J, diff (x__3(

z1(t) =2e % —2e " cos (t\/é) — e "V/2 sin (t\/é)
zo(t) = —2e % + e~ cos (t\/é) — e "/2 sin (t\/é)

z3(t) = e % —3e" " cos (t\/é)
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v/ Solution by Mathematica
Time used: 0.044 (sec). Leaf size: 106

LDSolve [{x1'[t]==-3*x1[t]-0*x2[t]+2*x3[t] ,x2' [t]==1*x1[t]-1*x2[t]-0*x3[t] ,x3"' [t]==—2%x1[t] -1*x

x1(t) — e~ (2 —é <\/§ sin (\/§t> + 2cos (\/515)))
x2(t) — e~ (et <cos (\/ﬁt) —v/2sin (\/ﬁ?ﬁ)) — 2)
x3(t) = e % (1 — 3e’ cos (\/§t>)
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2.8 problem 8

Internal problem ID [1843]

Book: Differential equations and their applications, 4th ed., M. Braun
Section: Section 3.9, Systems of differential equations. Complex roots. Page 344
Problem number: 8.

ODE order: 1.

ODE degree: 1.

Solve
T (t) = 225(t)
zy(t) = —21(t)
z5(t) = —3z4(t)
z,(t) = 3z3(t)

With initial conditions

[.271(0) = 17332(0) = 1,$3(0) = 171"4(0) = 0]

v Solution by Maple
Time used: 0.078 (sec). Leaf size: 42

e

Ldsolve([diff(x__l(t),t) = 2xx__2(t), diff(x__2(t),t) = -2%x__1(t), diff(x__S(t),i;J) = -3*x__4(

z1(t) = cos (2t) + sin (2t)

Zo(t) = — sin (2¢) + cos (2t)

z3(t) = cos (3t)

x4(t) = sin (3t)
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v/ Solution by Mathematica
Time used: 0.003 (sec). Leaf size: 42

LDSolve [{x1' [t]==-0%x1[t]+2%x2 [t]+0%x3 [t]+0%x4 [t],x2' [t]==-2%x1[t]-0%x2[t]-0*x3 [t] }fO*sz [t],x3'

x1(t) — sin(2t) + cos(2t)
x2(t) — cos(2t) — sin(2t)
x3(t) — cos(3t)
x4(t) — sin(3t)
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3.1 problem Example 1, page 348

Internal problem ID [1844]

Book: Differential equations and their applications, 4th ed., M. Braun
Section: Section 3.10, Systems of differential equations. Equal roots. Page 352
Problem number: Example 1, page 348.

ODE order: 1.

ODE degree: 1.

Solve

zy(t) = z2(t)
w3(t) = 2z3(t)

v/ Solution by Maple
Time used: 0.063 (sec). Leaf size: 29

r

Ldsolve([diff(x__l(t),t)=1*x__1(t)+1*x__2(t)+0*x__3(t),diff(x__2(t),t)=0*x__1(t)+%%x__2(t)-0*x

Il(t) = (CQt + Cl) et

To(t) = o€’

z3(t) = cze®
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v/ Solution by Mathematica
Time used: 0.024 (sec). Leaf size: 64

LDSolve [{x1' [t]==1%x1[t]+1%x2 [t]+0*x3[t],x2"' [t]==0%x1[t]+1*x2[t]-0*x3[t],x3' [t] ==oJ>«x1 [t]-0%x2[

x1(t) — e'(cat + 1)

x2(t) — o€’

™

1(t) — €' (cat + c1)

>

(

(

3(t) — cze*

(

x2(t) — cpe’
(

x3(t) = 0
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3.2 problem Example 2, page 349

Internal problem ID [1845]

Book: Differential equations and their applications, 4th ed., M. Braun
Section: Section 3.10, Systems of differential equations. Equal roots. Page 352
Problem number: Example 2, page 349.

ODE order: 1.

ODE degree: 1.

Solve

zo(t) = 2z2(t) — z3(t)
z5(t) = 2xz3(t)

With initial conditions
[21(0) = 1,22(0) = 2,23(0) = 1]

v Solution by Maple
Time used: 0.094 (sec). Leaf size: 41

r

Ldsolve([diff(x__l(t),t) = 2%x__1(t)+x__2(t)+3*x__3(t), diff(x__2(t),t) = 2*x__2(t})-x__3(t), d

(—t2 + 10t + 2) e*
2

.’I)l(t) =
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v/ Solution by Mathematica
Time used: 0.004 (sec). Leaf size: 42

LDSolve [{x1' [t]==2%x1[t]+1%x2 [t]+3*x3[t],x2"' [t]==0%x1[t]+2*x2[t]-1*x3[t],x3' [t] ==oJ>«x1 [t]-0%x2[

x1(t) - —%e%((t —10)t—2)

x2(t) — —e*(t — 2)

x3(t) — e
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3.3 problem 1

Internal problem ID [1846]

Book: Differential equations and their applications, 4th ed., M. Braun
Section: Section 3.10, Systems of differential equations. Equal roots. Page 352
Problem number: 1.

ODE order: 1.

ODE degree: 1.

Solve

xh(t) = 2z1(t) — 3zo(t) + z3(t)
z5(t) = 71(t) — z2(t) — 23(¢)

v/ Solution by Maple
Time used: 0.079 (sec). Leaf size: 51

Ldsolve([diff(x__1(t),t)=0*x__1(t)-1*x__2(t)+1*x__3(t),diff(x__zct),t)=2*x__1(t)-g}x__z(t)+1*x

z1(t) = e (et + 1)

To(t) = e (cat + 1) + cze™ ¥
xg(t) = CQG_t + Cge_2t

v/ Solution by Mathematica
Time used: 0.007 (sec). Leaf size: 92

LDSolve [{x1' [t]==0%x1[t]-1%x2 [t]+1*x3[t],x2"' [t]==2%x1[t]-3*x2[t]+1*x3[t],x3' [t] ==1}>«x1 [t]-1%x2[

x1(t) = e (a(t+1) + (c3 — c2)t)
x2(t) = e (e (c1(t + 1) + (c3 — e2)t) — c1 + ¢2)

x3(t) — e_Qt((cl —cy+c3)et —c + 02)
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3.4 problem 2

Internal problem ID [1847]

Book: Differential equations and their applications, 4th ed., M. Braun
Section: Section 3.10, Systems of differential equations. Equal roots. Page 352
Problem number: 2.

ODE order: 1.

ODE degree: 1.

Solve

x5 (t) = 2z1(t) + z2(t) — z3(t)
z5(t) = —3z1 () + 222(t) + 4z3(t)

v/ Solution by Maple
Time used: 0.078 (sec). Leaf size: 65

Ldsolve([diff(x__1(t),t)=1*x__1(t)+1*x__2(t)+1*x__3(t),diff(x__zct),t)=2*x__1(t)+%}x__2(t)-1*x

l‘l(t) = —th(2C3t —+ co + 403)
o2t 42
T(t) = —e(cst® + ot + 2c3t + 1 + ¢ + 6c3)
z3(t) = e*(cst® + et + 1)

v/ Solution by Mathematica
Time used: 0.004 (sec). Leaf size: 96

' DSolve [{x1' [t]==1xx1[t]+1%x2[t]+1*x3[t],x2" [t]==2xx1[t]+1*x2[t]-1%x3[t],x3" [t]==-3xx1 [t]+2%x2

Xl(t) — 62t((02 + C3)t — Cl(t — 1))

X2(t) — %ezt(—(cl(t Z)8) + (ca + c5)(t — 2)t + 209)

x3(t) = %e%(cl(t —6)t — (2 + c) (£ — A)t + 2¢)
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3.5 problem 3

Internal problem ID [1848]

Book: Differential equations and their applications, 4th ed., M. Braun
Section: Section 3.10, Systems of differential equations. Equal roots. Page 352
Problem number: 3.

ODE order: 1.

ODE degree: 1.

Solve

v/ Solution by Maple
Time used: 0.047 (sec). Leaf size: 34

Ldsolve( [diff(x__1(t),t)=—-1%x_ 1(t)-1*x__2(t)+0%x_ 3(t),diff(x__2(t),t)=0%x_ 1 (t)-Jl*x__2(t)+0*

Z‘l(t) = (—Cgt + Cl) e_t

To(t) = coe™"

z3(t) = cze™*
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v/ Solution by Mathematica
Time used: 0.022 (sec). Leaf size: 74

LDSolve [{x1'[t]==—1*%x1[t] -1*x2[t]+0*x3[t] ,x2' [t]==0*x1[t] -1*x2[t]+0*x3[t] ,x3"' [t]==0%x1[t] -0*x2

x1(t) = e (c; — cot)

x2(t) — coe”"

—2t

x1(t) = e (c; — cot)

x2(t) — et

(
(
x3(t) — cse
(
(
(

x3(t) = 0
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3.6 problem 4

Internal problem ID [1849]

Book: Differential equations and their applications, 4th ed., M. Braun
Section: Section 3.10, Systems of differential equations. Equal roots. Page 352
Problem number: 4.

ODE order: 1.

ODE degree: 1.

Solve

v Solution by Maple
Time used: 0.109 (sec). Leaf size: 56

\dsolve([diff(x__i(t),t)=2*x__1(t)+0*x__2(t)—1*x__3(t)+0*x__4(t),diff(x__z(t),t)=o%x__1(t)+2*x

71(t) = e®(cat + ¢ + ¢c3)
To(t) = e*(—cqt + c2 — ¢3)
2t

z3(t) = —cqe

74(t) = (cat +c3) e*
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v/ Solution by Mathematica
Time used: 0.003 (sec). Leaf size: 63

LDSolve [{x1' [t]==2%x1[t]+0%x2 [t]-1%x3 [t]+0%x4 [t],x2"' [t]==0%x1[t]+2*x2[t]+1*x3[t] +oJ>«x4 [t],x3'[t

x1(t) — €*(c; — cst)

(
x2(t) — e*(cat + ¢2)
x3(t) — cze

(

x4(t) = €*(cy — c3t)
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3.7 problem 5

Internal problem ID [1850)]

Book: Differential equations and their applications, 4th ed., M. Braun
Section: Section 3.10, Systems of differential equations. Equal roots. Page 352
Problem number: 5.

ODE order: 1.

ODE degree: 1.

Solve

Ji,l(t) = —xl(t) + .’L'z(t) + 2133(15)
With initial conditions

[1'1(0) = 1,$2(0) = 0,173(0) = 1]
v/ Solution by Maple
Time used: 0.062 (sec). Leaf size: 16

Ldsolve([diff (x__1(t),t) = —x__1(t)+x__2(t)+2*x__3(t), diff(x__2(t),t) = —x__1(t)+‘ __2(t)+x__3

z1(t) = €
zo(t) =0
z3(t) = €

v/ Solution by Mathematica
Time used: 0.004 (sec). Leaf size: 18

' DSolve [{x1' [t]==-1%x1[t]+1*x2[t]+2%x3[t],x2' [t]==-1%x1[t]+1*x2[t]+1x3[t],x3" [t]==-2%x1[t]+1x

x1(t) — €'
x2(t) = 0
x3(t) — €
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3.8 problem 6

Internal problem ID [1851]

Book: Differential equations and their applications, 4th ed., M. Braun
Section: Section 3.10, Systems of differential equations. Equal roots. Page 352
Problem number: 6.

ODE order: 1.

ODE degree: 1.

Solve

7y (t) = —4z:1(t) — 4z5(t)

z4(t) = 1021 (t) + 9z2(t) + z3(¢)

zy(t) = —4z1(t) — 3z2(t) + z3(¢)
With initial conditions

[1(0) = 2,22(0) = 1,23(0) = —1]
v/ Solution by Maple
Time used: 0.078 (sec). Leaf size: 57

-

dsolve([diff(x__1(t),t) = -4*xx__1(t)-4*x__2(t), diff(x__2(t),t) = 10*x__1(t)+9*x;L2(t)+x__3(t

N\

z1(t) = *(—4t* — 16t + 2)
Ty(t) = —e” (—6t> — 26t — 1)
z3(t) = e*(—2t> — 10t — 1)

v Solution by Mathematica
Time used: 0.005 (sec). Leaf size: 57

' DSolve [{x1' [t]==-4%x1[t]-4*x2[t]+0%x3[t],x2' [t]==10%x1[t]+9*x2[t]+1x3[t],x3' [t]==-4*x1[t]-3x

x1(t) — —2e*(2t(t +4) — 1)
x2(t) — e (6t> + 26t + 1)
x3(t) — —e*(2t(t +5) + 1)
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3.9 problem 7

Internal problem ID [1852]

Book: Differential equations and their applications, 4th ed., M. Braun
Section: Section 3.10, Systems of differential equations. Equal roots. Page 352
Problem number: 7.

ODE order: 1.

ODE degree: 1.

Solve

z(t) = z1(t) + 222(t) — 3z3(t)
zy(t) = 71 () + z2(t) + 2z5(2)
z5(t) = 21(t) — 22(t) + 4w3(t)
With initial conditions
[21(0) = 1,23(0) = 0,z5(0) = 0]
v Solution by Maple
Time used: 0.063 (sec). Leaf size: 32

Ldsolve([diff(x__l(t),t) = x__1(e)+2xx__2(t)-3*x__3(t), diff(x__2(t),t) = x__1(t)+x__2(t)+2*x_

r(t) =—(t—1)e*
zo(t) = %'t
z3(t) = 't

v Solution by Mathematica
Time used: 0.004 (sec). Leaf size: 35

e

LDSolve [{x1'[t]==1*x1[t]+2*x2[t] -3*x3[t] ,x2"' [t]==1*x1[t] +1*x2[t]+2*x3[t] ,x3"' [t] ==£J*x1 [t]-1*x2[

x1(t) = —e¥(t — 1)
x2(t) — e*'t
x3(t) — e*'t
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3.10 problem 8

Internal problem ID [1853]

Book: Differential equations and their applications, 4th ed., M. Braun
Section: Section 3.10, Systems of differential equations. Equal roots. Page 352
Problem number: 8.

ODE order: 1.

ODE degree: 1.

Solve
z(t) = 3z1(t)
z5(t) = z1(t) + 3za(t)
z5(t) = 3z3(t)
z(t) = 2z3(t) + 3z4(2)

With initial conditions

[.271(0) = 17332(0) = 1,$3(0) = 171"4(0) = 1]

v Solution by Maple
Time used: 0.078 (sec). Leaf size: 40

e

Ldsolve([diff(x__l(t),t) = 3*kx__1(t), diff(x__2(t),t) = x__1(t)+3*x__2(t), diff(x:J_3(t),t) =3
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v/ Solution by Mathematica
Time used: 0.005 (sec). Leaf size: 44

LDSolve [{x1' [t]==3%x1[t]+0%x2 [t]+0%x3 [t]+0%x4 [t] ,x2"' [t]==1%x1[t]+3*x2[t]-0*x3[t] +oJ>«x4 [t],x3'[t

x1(t
x2(t
x3(

(

x4

) =
) — e3t(t+ 1)
t) =
)

t) = e3t(2t +1)
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4 Section 3.12, Systems of differential equations. The
nonhomogeneous equation. variation of parameters.

Page 366
4.1 problem Example 1, page 361 . . . . . . . . . .. ... ... (48
4.2 problem Example 2, page 364 . . . . . . . .. o H0]
4.3 problem 1 . . . . .. L 2]
4.4 problem 2 . . . .. H3l
4.5 problem 3 . . . ... e e e %!
4.6 problem 4 . . . . . . e H0l
4.7 problem 5 . . . .. L 58]
4.8 problem 6 . . . . .. L BYe)
4.9 problem 10 . . . . . .. 611
4.10 problem 11 . . . . . . . . . e e e e 62]
4.11 problem 12 . . . . . . .. e e e e e 63]
412 problem 13 . . . . .. L 651
4.13 problem 14 . . . . . L 66!
4.14 problem 16 . . . . . . .. 68}
4.15 problem 17 . . . . . .. e 69]

4.16 problem 18 . . . . . . L e [71]



48

4.1 problem Example 1, page 361
Internal problem ID [1854]

Book: Differential equations and their applications, 4th ed., M. Braun

Section: Section 3.12, Systems of differential equations. The nonhomogeneous equation. variation
of parameters. Page 366

Problem number: Example 1, page 361.

ODE order: 1.

ODE degree: 1.

Solve
zi(t) = z1(t)
zy(t) = 221(t) + z2(t) — 235(t)
2y (t) = 3z (t) + 225(t) + 23(t) + 2 cos (t)* — e

v Solution by Maple
Time used: 0.641 (sec). Leaf size: 85

Ldsolve([diff(x__1(t),t)=1*x__1(t)+0*x__2(t)+0*x__3(t),diff(x__z(t),t)=2*x__1(t)+{kx__2(t)-2*x

I (t) = clet

e'(2c3 cos (2t) — 2cy sin (2t) — sin (2t) t — cos (2t) — 3¢1)

fL‘z(t) = 9

e'(4cy cos (2t) + 2 cos (2t) t + 4es sin (2t) — sin (2t) + 4ey)

xg(t) = 4
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v/ Solution by Mathematica
Time used: 0.031 (sec). Leaf size: 103

LDSolve [{x1' [t]==1%x1[t]+0%x2 [t]+0%x3[t],x2"' [t]==2%x1[t]+1*x2[t]-2*x3[t],x3' [t] ==3J>«x1 [t]+2%x2[

x1(t) — ci€

1
x2(t) — —get((l — 12¢; — 8cg) cos(2t) + 4(t — 2¢1 + 2¢3) sin(2t) + 12¢;)

1
x3(t) — get(4(t — 2¢1 + 2¢3) cos(2t) + (1 + 12¢; + 8c¢y) sin(2t) + 8¢y)
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4.2 problem Example 2, page 364
Internal problem ID [1855]

Book: Differential equations and their applications, 4th ed., M. Braun

Section: Section 3.12, Systems of differential equations. The nonhomogeneous equation. variation
of parameters. Page 366

Problem number: Example 2, page 364.

ODE order: 1.

ODE degree: 1.

Solve

T (t) = 21(t) + e
zh(t) = 221 (t) + z2(t) — 223(t)
z5(t) = 3z1(t) + 222(t) + 25(2)

v Solution by Maple
Time used: 0.187 (sec). Leaf size: 225

Ldsolve( [diff(x__1(t),t)=1*x__1(t)+0*x__2(t)+0*x__3(t)+exp(c*t) ,diff(x__2(t),t)=2*x__1(t)+1*x_

elcic — cet + e
c—1

I (t) =

) (t)

_ 2cos (2t) e'csc® — 2sin (2t) e'cac® — 6 cos (2t) e'esc? + 6sin (2t) efeac® — 3elerc® + 14 cos (2t) efcze — 14 i

2(c—1)(c® —2cH

3cet + e i
z3(t) = e cie’ + cpe’ cos (2t) + cze’ sin (2t)
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v/ Solution by Mathematica
Time used: 0.494 (sec). Leaf size: 162

LDSolve [{x1' [t]==1*x1[t]+0*x2[t]+0*x3 [t]+Exp[c*t],x2' [t]==2%x1[t]+1*x2[t]-2*x3[t], st ' [t]==3%x1

e(c—l)t
x1(t) — et( — +cl>
; 4(c — 4)eleD)t
x2(t) = e ((c “ D ((c—2)c+5)
(6¢ + 2)ele—Dt
(- 2c+9)

+ (3¢1 + 2¢2) cos(2t) + 2(c1 — ¢3) sin(2t) — 3cl>

+ 2(c3 — 1) cos(2t) + (3cy + 2¢2) sin(2t) + 201)
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4.3 problem 1

Internal problem ID [1856]

Book: Differential equations and their applications, 4th ed., M. Braun

Section: Section 3.12, Systems of differential equations. The nonhomogeneous equation. variation
of parameters. Page 366

Problem number: 1.

ODE order: 1.

ODE degree: 1.

Solve

7} (t) = 4z1(t) + 5xa(t) + 4 € cos (t)
zo(t) = —2z1(t) — 2z5(t)

With initial conditions
[21(0) = 0,22(0) = 0]

v/ Solution by Maple
Time used: 0.109 (sec). Leaf size: 34

Ldsolve( [diff(x__1(t),t) = 4xx__1(t)+5*x__2(t)+4*exp(t)*cos(t), diff(x__2(t),t) = }2*x__1(t)—2

() = e'(12sin (t) t + 40205 (t)t + 4sin (2))

To(t) = —4sin (¢) e't
v/ Solution by Mathematica
Time used: 0.028 (sec). Leaf size: 33

LDSolve [{x1' [t]==4*x1[t]+5*x2[t]+4*Exp[t]*Cos[t],x2' [t]1==-2*x1[t]-2*x2[t]},{x1[0] =J=0 ,x2[0]==0}

x1(t) — 2€*(3tsin(t) + sin(t) + ¢ cos(t))
x2(t) — —4e'tsin(t)
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4.4 problem 2

Internal problem ID [1857]

Book: Differential equations and their applications, 4th ed., M. Braun

Section: Section 3.12, Systems of differential equations. The nonhomogeneous equation. variation
of parameters. Page 366

Problem number: 2.

ODE order: 1.

ODE degree: 1.

Solve

o) (t) = 3z, (t) — 4ao(t) + €
zh(t) = z1(t) — 2o(t) + €
With initial conditions

[21(0) = 1,25(0) = 1]

v/ Solution by Maple
Time used: 0.062 (sec). Leaf size: 32

Ldsolve([diff (x__1(t),t) = 3*x__1(t)-4xx__2(t)+exp(t), diff(x__2(t),t) = x__1(t)—}%__2(t)+exp(t

i(t) =e' (-t —t+1)

v/ Solution by Mathematica
Time used: 0.004 (sec). Leaf size: 31

LDSolve [{x1' [t]==3*x1[t]-4*x2[t]+Exp[t] ,x2' [t]==1*x1[t]-1*x2[t]+Exp[t]},{x1[0]==1 ,Jx2 [0]==1},{x
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4.5 problem 3

Internal problem ID [1858]

Book: Differential equations and their applications, 4th ed., M. Braun

Section: Section 3.12, Systems of differential equations. The nonhomogeneous equation. variation
of parameters. Page 366

Problem number: 3.

ODE order: 1.

ODE degree: 1.

Solve

7 (t) = 2z1(t) — 5xo(t) + sin (¢)
z5(t) = z1(t) — 22(t) + tan (¢)

With initial conditions
[21(0) = 0,22(0) = 0]

v/ Solution by Maple
Time used: 0.469 (sec). Leaf size: 172

Ldsolve([diff(x__l(t),t) = 2%x__1(t)-5*x__2(t)+sin(t), diff(x__2(t),t) = x__1(t)—%}x__2(t)+tan

I (t)
—2sec (t) tan (t) + 2sin (t) 4 4 cos (t) — 4sec (t) — 4tan (£) — 2tan (t)> — 8sin (¢) sec (£) 4+ 101In (sec (¢) -

3sin (t)

zo(t) = — + cos (t) — 1+ In (sec (t) + tan (¢)) sin (¢)
_cos(t)t

+ 21n (sec (t) + tan (¢)) cos (t) 5
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v/ Solution by Mathematica
Time used: 0.065 (sec). Leaf size: 58

LDSolve [{x1' [t]==2#x1[t]-56*x2[t]+Sin[t] ,x2' [t]==1*x1[t]-2*x2[t]+Tan[t]},{x1[0]==0 ,Jx2 [0]==0},{x

x1(t) — 5cos(t)arctanh(sin(t)) + %(t — 8) sin(t) — t cos(t)

3sin(t) _ 1t cos(t) + cos(t) — 1

x2(t) — arctanh(sin(t))(sin(¢) + 2 cos(t)) — 5 9
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4.6 problem 4

Internal problem ID [1859]

Book: Differential equations and their applications, 4th ed., M. Braun

Section: Section 3.12, Systems of differential equations. The nonhomogeneous equation. variation
of parameters. Page 366

Problem number: 4

ODE order: 1.

ODE degree: 1.

Solve

71(t) = 2a(t) + f1(D)
zy(t) = —x1(t) + f2(t)

With initial conditions
[21(0) = 0,22(0) = 0]

v/ Solution by Maple
Time used: 0.516 (sec). Leaf size: 110

Ldsolve([diff(x__l(t),t) = x_ 2(L)+f__1(8), diff(x__2(t),t) = -x__1(£)+f__2(%), x;Li(o) =0, x

z1(t) = — f2(0) cos (£) — < /0 " cos (_z1) ( 4

dz h( 1) - f (_zl)) d_z1> cos (£)
([l

f2( z1) — fi (_21)> d_zl) sin (¢) + fa(t)
m@=ﬁ@ﬁm®+(A%%LﬂWéi/%JD—ﬁ( ) d_st) sin o)

— ([t (L aa0 — LoD ) dst) cos(t
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v/ Solution by Mathematica
Time used: 0.034 (sec). Leaf size: 214

LDSolve [{x1' [t]==0*x1[t]+1*x2[t]+£1[t],x2' [t]==-1*x1[t]-0*x2[t]+f2[t]},{x1[0]==0,x2[0]==0},{x1

x1(6) = cost) ([ (cos(KD(KIL) — 20K 1) sim([1))aK 1
— [ ot L) ~ (KT sinC )k )
+ sin() ( /1 ' (cos(K[2) (K [2]) + £1(K[2)) sin(K[2])dK[2
- [ tostrepc + s snaczax
2(0) = sin() ([ (con(a) (K1) — (T2 sin( K1)k 1
- [ (costrelapar(ieta) - (K1) sn(x )k
+cos(t) | (con(I2Di2(K2) + L(K[2) sin( K 2K 2

- /1 (cos(K[2])f2(K[2]) + £L(K2)) sin(K[2]))dK[2])
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4.7 problem 5

Internal problem ID [1860)]

Book: Differential equations and their applications, 4th ed., M. Braun

Section: Section 3.12, Systems of differential equations. The nonhomogeneous equation. variation
of parameters. Page 366

Problem number: 5.

ODE order: 1.

ODE degree: 1.

Solve

o (t) = 221 (t) + z3(t) + e*

(1) = 2z(t)

T4 (t) = zo(t) + 3z3(t) +€*
With initial conditions

[21(0) = 1,22(0) = 1,z3(0) = 1]

v Solution by Maple
Time used: 0.109 (sec). Leaf size: 45

-

Ldsolve( [diff(x__1(t),t) = 2xx__1(t)+x__3(t)+exp(2*t), diff(x__2(t),t) = 2*x__2 (t)}, diff (x__3(

z1(t) = (=t —2) e + 3e¥
To(t) = e*
r3(t) = —2e* + 3¢

v/ Solution by Mathematica
Time used: 0.011 (sec). Leaf size: 45

LDSolve [{x1' [t]==2%x1[t]+0*x2 [t]+1*x3 [t]+Exp [2*t] ,x2' [t]==0%*x1[t]+2*x2 [t]+0*x3[t] ,}(3 ' [t]==0%*x1

x1(t) = € (—t + 3¢' — 2)
x2(t) — e*

x3(t) — €* (3¢ — 2)
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4.8 problem 6

Internal problem ID [1861]

Book: Differential equations and their applications, 4th ed., M. Braun

Section: Section 3.12, Systems of differential equations. The nonhomogeneous equation. variation
of parameters. Page 366

Problem number: 6.

ODE order: 1.

ODE degree: 1.

Solve

T (t) = —z1(t) — 22(t) — 223(¢) + €
(1) = a(t) + 2a(0) + (1)
With initial conditions
[£1(0) = 0,22(0) = 0,25(0) = 0]
v/ Solution by Maple
Time used: 0.093 (sec). Leaf size: 47

Ldsolve([diff(x__l(t),t) = —x__1(t)-x__2(t)-2%x__3(t)+exp(t), diff(x__2(t),t) = xiLl(t)+x__2(t

et +6t° — 61)

Cl,'l(t) = 6
$2(t) = ﬁ
y(t) = S0
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v/ Solution by Mathematica
Time used: 0.007 (sec). Leaf size: 49

LDSolve [{x1'[t]==-1*x1[t]-1*x2[t]-2*x3[t]+Exp[t] ,x2' [t]==1*x1[t]+1*x2[t]+1*x3[t] ,x3"' [t]==2*x1[

x1(t) — —%ett(t(t +6) —6)

tt2

1
x3(t) — 6ett2(1t + 6)
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4.9 problem 10

Internal problem ID [1862]

Book: Differential equations and their applications, 4th ed., M. Braun

Section: Section 3.12, Systems of differential equations. The nonhomogeneous equation. variation
of parameters. Page 366

Problem number: 10.

ODE order: 1.

ODE degree: 1.

Solve

T} (t) = 221 (t) + zo(t) + €*
Th(t) = 3z, (t) — 222(t) + &

v/ Solution by Maple
Time used: 0.062 (sec). Leaf size: 83

Ldsolve([diff(x__l(t),t)=2*x__1(t)+1*x__2(t)+1*exp(3*t),diff(x__2(t),t)=3*x__1(t){%*x__Q(t)+ex

_ ﬁe‘ﬁtcz _ ﬁe_‘ﬁtcl 4 3e3t i 2e‘ﬁt02 i 26_\f7t01

z1(t) 3 3 3 3

zo(t) = eﬁtCQ + e_ﬁtcl +26%

v/ Solution by Mathematica

Time used: 0.378 (sec). Leaf size: 100

‘ DSolve [{x1' [t]==2*x1[t]+1*x2[t]+Exp[3*t],x2' [t]==3*x1[t]-2*x2[t]+Exp[3*t]},{x1[t]

,x2[t]},t,In

(261 + Cz) sinh (ﬁt)
V7
(3c1 — 2¢3) sinh (ﬁt)
" V7

x1(¢t) — 3sinh(3t) + 3 cosh(3t) + ¢; cosh (ﬁt) +

x2(t) — 2sinh(3t) 4+ 2 cosh(3t) + ¢ cosh (ﬁt)
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4.10 problem 11

Internal problem ID [1863]

Book: Differential equations and their applications, 4th ed., M. Braun

Section: Section 3.12, Systems of differential equations. The nonhomogeneous equation. variation
of parameters. Page 366

Problem number: 11.

ODE order: 1.

ODE degree: 1.

Solve
2 (t) = 21(t) — 2a(t) — ¢°
z5(t) = z1(t) + 3za(t) + 2t

v/ Solution by Maple
Time used: 0.047 (sec). Leaf size: 62

Ldsolve( [diff(x__1(t),t)=1*x__1(t)-1*x__2(t)-t~2,diff(x__2(t) ,t)=1*x__1(t)+3*x__2(\Jt)+2*t] , [X__

t 1 3¢
£ = —coe?t — o2t 2t , U 1
z1(t) coe e“’tcy + cie +2+8+_4
12 3
t= 2t 2tt —_—t——
Zo(t) = coe™ + e“tcy 1 3

v/ Solution by Mathematica

Time used: 0.25 (sec). Leaf size: 90

-

DSolve [{x1' [t]==1*x1[t]+3*x2[t]-t"2,x2' [t]==1*x1[t]+3*x2[t]+2*t]},{x1[t],x2[t]},t, F[ncludeSingu

N\

x1(t) — Els (—4t(8t* + 22t + 11) + 32¢; (e* + 3) + 96 (e — 1) — 11)

1
x2(t) = o1 (4¢(8t% + 30t — 33) + 96(cy + 3cz)e™ — 33 — 96¢; + 96¢)
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4.11 problem 12

Internal problem ID [1864]

Book: Differential equations and their applications, 4th ed., M. Braun

Section: Section 3.12, Systems of differential equations. The nonhomogeneous equation. variation
of parameters. Page 366

Problem number: 12.

ODE order: 1.

ODE degree: 1.

Solve

7 (t) = z1(t) + 3z2(t) + 2z3(t) + sin (¢)
zy(t) = —21(t) + 22(t) + 23(t)
z5(t) = 4z1(t) — z2(t) — z3(t)

v Solution by Maple
Time used: 0.25 (sec). Leaf size: 84

Ldsolve( [diff(x__1(t),t)=1*x__1(t)+3*x__2(t)+2*x__3(t)+sin(t) ,diff (x__2(t) ,t)=-1*x__1(t)+2*x__

sin (¢ cos (t cel e %
mlf) =~ 1(5)_ 5()+ 5~ 3 to

cos(t) 3sin(t) 2cet e ey
t) = . .
(=" 1o 3 3

cos (t 4sin (t
r3(t) = — 1(§ ) _ 1151( ) + cret + e %y + cze
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v/ Solution by Mathematica
Time used: 0.312 (sec). Leaf size: 187

LDSolve [{x1'[t]==1*%x1[t] +3*x2[t]+2*x3 [t]+Sin[t] ,x2' [t]==—1*x1[t]+2*x2[t]+1*x3[t] ,x3' [t]==4*x1[

1
x1(t) — 30 (—3sin(t) —6 cos(t)+5e > ((c1 —4ea —c3)e® +3(c1+2ca+c3) €™ +2¢1 —2(ca+¢c3)) )

1 1 1
x2(t) — g(cl —cy—c3)e  + 5(_01 + 4cs + c3)et + 1—0(3 sin(t) + cos(t))

1
x3(t) — 10 (—8sin(t) — cos(t) +5(c1 — ey — cs)e’ +10(—c1 + e +c3)e > +5(c1 +2¢2 + ¢3)e™)
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4.12 problem 13

Internal problem ID [1865]
Book: Differential equations and their applications, 4th ed., M. Braun

Section: Section 3.12, Systems of differential equations. The nonhomogeneous equation. variation
of parameters. Page 366

Problem number: 13.

ODE order: 1.

ODE degree: 1.

Solve
zi(t) = z1(¢) + 232(t) — 3x3(t) + €
T5(t) = x1(t) — xo(t) + 4z3(t) — €

v/ Solution by Maple
Time used: 0.093 (sec). Leaf size: 123

( hY

dsolve([diff(x__i(t),t)=1*x__1(t)+2*x__2(t)—3*x__3(t)+exp(t),diff(x__2(t),t)=1*x_L1(t)+1*x__2

N\ J

z1(t) = 2€" — c1e® — cpe®'t + cpe® — e*cst® + 2e*est + 2cze®
zo(t) = —2€" + c1e® + cpe®'t + e*cst® + 2c3e®
z3(t) = —e' + c1e® + cre®'t + e*cst?

v/ Solution by Mathematica
Time used: 0.094 (sec). Leaf size: 122

‘ DSolve [{x1' [t]==1*x1[t]+2*x2[t]-3*x3[t]+Exp[t],x2' [t]==1*x1[t]+1*x2[t]+2*x3[t],x3

'[t]==1*x1[t

X1 (t) - %et (44 (=21t — 1) — calt — 4)t + calt — 6)2))
x2(t) - %et(—4 1 e (tealt — 2) — ealt — 4) + 2¢1) + 2¢5))

x3(t) = %et(—Q et (2ert + ot — 2)t + c5(2 — (¢ — 4)t)))
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4.13 problem 14

Internal problem ID [1866]

Book: Differential equations and their applications, 4th ed., M. Braun

Section: Section 3.12, Systems of differential equations. The nonhomogeneous equation. variation
of parameters. Page 366

Problem number: 14.

ODE order: 1.

ODE degree: 1.

Solve

i (t) = —z1(t) — z2(t) + 1
zo(t) = —4zo(t) — z3(t) + ¢
z4(t) = 5xa(t) + €

v Solution by Maple
Time used: 0.188 (sec). Leaf size: 124

Ldsolve( [diff (x__1(t),t)=—-1*x__1(t)-1*x__2(t)+0*x__3(t)+1,diff (x__2(t),t)=0%x__1 (tP -4¥x__2(t)-

ot - —2t _: —2t —2t t
e ?sin(t) 3e *sin(t)cs 3coe *cos(t) e *cos(t)es e 4 _,
t) = — — — — 4+ =
() 10 10 10 TR I
2e 2gin(t)cs e ?cos(t)cs  2coe”*cos(t) coe Hsin(t) 1 e
z(t) = ——— % - 5 T 5 5 10
4 €

r3(t) = e **sin (t) c3 + coe > cos (t) +t — : + 5
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v/ Solution by Mathematica
Time used: 1.725 (sec). Leaf size: 135

LDSolve [{x1' [t]==-1%x1[t]-1%x2 [t]+0%x3 [t]1+1,x2"' [t]==0%x1[t]-4%x2 [t]-1%x3[t]+t,x3' [Jt] ==0%x1[t]+

1
—e (' (e (' + 16) + 10(2c1 + 2 + ¢3)) — 10(ca + ¢3) cos(t) — 10(3ca + ¢3) sin(t))

1(¢
x1(t) = 55

t
x2(t) — —1% + e *(cz cos(t) — (2¢; + c3) sin(t)) + %

x3(t) >t + %t + e (5cy sin(t) + c3(2sin(t) + cos(t))) — %l
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4.14 problem 16

Internal problem ID [1867]

Book: Differential equations and their applications, 4th ed., M. Braun

Section: Section 3.12, Systems of differential equations. The nonhomogeneous equation. variation
of parameters. Page 366

Problem number: 16.

ODE order: 1.

ODE degree: 1.

Solve
) (t) = 21(t) + 12(t) — z3(t) +*
xh(t) = 221 () + 3z2(t) — das(t) + 2€*
x5(t) = 4z1(t) + zo(t) — 4x3(t) + *

v Solution by Maple
Time used: 0.093 (sec). Leaf size: 84

Ldsolve( [diff(x__1(t),t)=1*x__1(t)+1*xx__2(t)-1*x__3(t)+exp(2*t) ,diff (x__2(t),t)=2*x__1(t)+3*x_

-3t
2t

z1(t) = ¥t + cre’ + 02161 + cze
7 —3t
2a(t) = 2%t + cre + 2o 4 2cze?

11

z3(t) = et + cie’ + cre ™3 + cze®

v/ Solution by Mathematica
Time used: 0.119 (sec). Leaf size: 2491

LDSolve [{x1' [t]==1%x1[t]+1%x2[t]-1%x3 [t]+Exp[2%t],x2"' [t]==2%x1[t]+3*x2[t]-4*x3 [t] +J2*Exp [2%t] ,x

Too large to display
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4.15 problem 17

Internal problem ID [1868]

Book: Differential equations and their applications, 4th ed., M. Braun

Section: Section 3.12, Systems of differential equations. The nonhomogeneous equation. variation
of parameters. Page 366

Problem number: 17.

ODE order: 1.

ODE degree: 1.

Solve

) (t) = 21(t) — 22(t) — 23(¢) + ¥
() = 21 (t) + 3x(t) + 23(t) —
r5(t) = =321 (t) + 12(t) — z3(t) — &*

v Solution by Maple
Time used: 0.094 (sec). Leaf size: 86

Ldsolve([diff(x__l(t),t)=1*x__1(t)-1*x__2(t)—1*x__3(t)+exp(3*t),diff(x__2(t),t)=1*‘__1(t)+3*x_

—2t
01 e 3t

Ty (t) = et + — cpe® — cze

ot
cre
Ty(t) = —e¥'t — 14 + cze®

13(t) = —e¥t + cre7% + ce® + cze®
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v/ Solution by Mathematica
Time used: 0.013 (sec). Leaf size: 139

LDSolve [{x1' [t]==1*x1[t]-1*x2[t]-1*x3[t]+Exp[3*t] ,x2' [t]==1*x1[t]+3*x2[t]+1*x3 [t] —JExp [3*t],x3"

1

X].(t) — g€_2t (5(01 + 02)64t — €5t(—5t +c + 562 + 63) +c + 03)
1

x2(t) — ge_zt (e (=5t +c1 + Bea + ¢3) —e1 — ¢3)

x3(t) = ©

ge_Qt(—B(cl + ca)e™ + €™ (=5t + ¢1 + 5ea + ¢3) + 4(c1 + ¢3))
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4.16 problem 18

Internal problem ID [1869]

Book: Differential equations and their applications, 4th ed., M. Braun

Section: Section 3.12, Systems of differential equations. The nonhomogeneous equation. variation
of parameters. Page 366

Problem number: 18.

ODE order: 1.

ODE degree: 1.

Solve

o) (t) = 3z1(t) + 222(t) + 4a3(t) + 2™
xh(t) = 221 (t) + 223(t) + %
75 (t) = 421 (t) + 232(t) + 3z3(t) + 2

v Solution by Maple
Time used: 0.094 (sec). Leaf size: 86

Ldsolve([diff(x__l(t),t)=3*x__1(t)+2*x__2(t)+4*x__3(t)+2*exp(8*t),diff(x__2(t),t)fP*x__l(t)+O*

5coet e lc
21 (t) = 3% — 22— 4 2t ¥ — Tl
czeBt  cpe?
zo(t) = 32 + 22 +tef + el

T3(t) = c3e® + et + 2t e
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v/ Solution by Mathematica

Time used: 0.012 (sec). Leaf size: 139

LDSolve [{x1' [t]==3*x1[t]+2*x2 [t]+4*x3[t] +2*Exp [8*t] ,x2' [t]==2%x1 [t]+0*x2 [t] +2*x3 [tJ] +Exp [8*t] ,x

1

x1(t) — §e_t (2€(9t + 2¢1 + ¢2 + 2¢3) + Ber — 2(c + 2c3))
1 —t(, 9t

x2(t) — o€ (€ (9t + 2¢1 + 2 + 2¢3) — 2(c1 — 4e2 + ¢3))

1
x3(t) — §e_t (2€™(9t + 2¢1 + ¢2 + 2¢3) — 4c1 — 2¢5 + 5c3)
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