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# Let us f i r s t f i nd the c h a r a c t e r i s t i c equat ion and so l v e i t :
var ( ' r ' )
s o l v e ( [ ( r - 2 ) ^3*( r ^2 + 9)== 0 ] , r )
r

[r == (-3*I), r == (3*I), r == 2]

# Among the roo t s from the c h a r a c t e r i s t i c equat ions that were found , \
the re i s one with mu l t i p l i c i t y 3 and t h i s one w i l l be used to \

f i nd the complementary s o l u t i o n . Let ' s s t a r t with the p a r t i c u l a r \
one :

#We have mu l t i p l i e d everyth ing t imes x to take out the dup l i c i t y .
var ( 'x ,A,B,C,D,E,F ,G' )
yp=(A+B*x+C*x^2)*exp (x )+(D*x+E*x^2)* cos (3*x )+(F*x+G*x^2)* s i n (3*x )
show (yp )
(x, A, B, C, D, E, F, G)(

Ex2 + Dx
)
cos (3 x) +

(
Cx2 + Bx + A

)
ex +

(
Gx2 + Fx

)
sin (3 x)

#Now, we w i l l s ub s t i t u t e the prev ious equat ion in to the o r i g i n a l \
d i f f e r e n t i a l equat ion :

rem0= d i f f ( yp , x , 2 )+9*yp
rem1= d i f f ( rem0 , x ) -2* rem0
rem2= d i f f ( rem1 , x ) -2* rem1
rem3= d i f f ( rem2 , x ) -2* rem2
remf ina l= rem3 - x^2*exp (x ) -x* s i n (3*x )
show ( r emf ina l )
−x2ex − 54 (2Ex + D) cos (3 x) + 276 (2Gx + F ) cos (3 x) + 524E cos (3 x) − 162G cos (3 x) −

10
(
Cx2 + Bx + A

)
ex+28 (2Cx + B)ex−50Cex−276 (2Ex + D) sin (3 x)−54 (2Gx + F ) sin (3 x)+

162E sin (3 x) + 524G sin (3 x)− x sin (3 x)

#Now, we w i l l f i nd the c o e f f i c i e n t s o f the prev ious equat ion
coe f fEx=remf ina l . c o e f f i c i e n t ( exp (x ) )
coe f fCos=remf ina l . c o e f f i c i e n t ( cos (3*x ) )
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c o e f f S i n=remf ina l . c o e f f i c i e n t ( s i n (3*x ) )

#We w i l l use the command Solve to f i nd the c o e f f i c i e n t s A, B, C.
s o l v e ( [ coe f fEx . c o e f f i c i e n t (x , 0 )==0, coe f fEx . c o e f f i c i e n t (x , 1 )==0,
coe f fEx . c o e f f i c i e n t (x , 2 ) ==0] ,A,B,C)
[[A == (-267/250), B == (-14/25), C == (-1/10)]]

#And now , we w i l l f i nd the remaining c o e f f i c i e n t s o f the problem , \
which are the c o e f f i c i e n t s D, E, F , G.

s o l v e ( [ coe f fCos . c o e f f i c i e n t (x , 0 )==0, coe f fCos . c o e f f i c i e n t (x , 1 )==0,
c o e f f S i n . c o e f f i c i e n t (x , 0 )==0, c o e f f S i n . c o e f f i c i e n t (x , 1 ) ==0] ,D,E,F ,G)
[[D == (-251/114244), E == (-23/13182), F == (1379/514098), G == (-3/8788)]]

#In short , the va lue s o f the c o e f f i c i e n t s found are the f o l l ow i ng \
ones :

A= -267/250; B= -14/25; C= -1/10; D= -251/114244; E= -23/13182; F\
=1379/514098; G= -3/8788;

#We are now f i n a l l y ab le to f i nd the complementary s o l u t i o n as \
f o l l ow s :

var ( 'c1 , c2 , c3 , c4 , c5 ' )
yc=c1*exp (2*x )+c2 *x*exp (2*x )+c3*x^2*exp (2*x )+c4* cos (3*x )+c5* s i n (3*x\

)+(A+B*x+C*x^2)*exp (x )+(D*x+E*x^2)* cos (3*x )+(F*x+G*x^2)* s i n (3*x )
show ( yc )
(c1, c2, c3, c4, c5)

c3x2e(2 x)+c2xe(2 x)− 1

342732

(
598 x2 + 753 x

)
cos (3 x)+c4 cos (3 x)+c1e(2 x)− 1

250

(
25 x2 + 140 x + 267

)
ex−

1

1028196

(
351 x2 − 2758 x

)
sin (3 x) + c5 sin (3 x)

#Solv ing f o r the c o e f f i e n t s c1 , c2 , c3 , c4 , c5 we f i nd :
s o l v e ( [ yc . s ub s t i t u t e ( x=0)==1, d i f f ( yc , x ) . s ub s t i t u t e ( x=0)==1, d i f f ( yc , x\

, 2 ) . s ub s t i t u t e ( x=0)==1, d i f f ( yc , x , 3 ) . s ub s t i t u t e ( x=0)==1, d i f f ( yc , x\
, 4 ) . s ub s t i t u t e ( x=0)==1] ,c1 , c2 , c3 , c4 , c5 )

[[c1 == (774782/371293), c2 == (-43330/28561), c3 == (1020/2197), c4 ==
(-1737019/92823250), c5 == (-4850123/556939500)]]

#In short , the va lue s o f the c o e f f i c i e n t s c1 , c2 , c3 , c4 , c5 are :
c1 =774782/371293; c2 = -43330/28561; c3 =1020/2197; c4= \

-1737019/92823250; c5 = -4850123/556939500
#And my complete s o l u t i o n ( complementary and pa r t i c u l a r ) f o r the \

d i f f e r e n t i a l equat ion with the i n i t i a l c ond i t i on s given , i s :
yc=c1*exp (2*x )+c2*x*exp (2*x )+c3*x^2*exp (2*x )+c4* cos (3*x )+c5* s i n (3*x )\

+(A+B*x+C*x^2)*exp (x )+(D*x+E*x^2)* cos (3*x )+(F*x+G*x^2)* s i n (3*x )
show ( yc )

1020

2197
x2e(2 x)− 1

342732

(
598 x2 + 753 x

)
cos (3 x)− 43330

28561
xe(2 x)− 1

250

(
25 x2 + 140 x + 267

)
ex−

1

1028196

(
351 x2 − 2758 x

)
sin (3 x)− 1737019

92823250
cos (3 x) + 774782

371293
e(2 x) − 4850123

556939500
sin (3 x)
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