B.Sc. Mathematics (Mathematical Methods)

Chapter # 10: Differential Equations of Higher Order

EXERCISE # 10.2

®,

%+ Find the general solution of each of the
following:

Question # 1: (D* + 3D — 4)y = 15¢e*

Solution:

Given equation is

(D*+3D —4)y = 15¢* — — — (i)

The characteristics equation of (i) will be
D?+3D—-4=0
=D?’+4D—-D-4=0
=DMD+4)-1(D+4)=0

= D+4)D-1)=0

= D+4)=00r(D—-1)=0
=D=—-4o0orD=1

Therefore, the complementary solution i

Yo = cie ¥ + ¢ e*

= S

U

Y=YctYp

=y =ce ™+ ce* +3xe*

is the required solution.

Question #2: (D?> — 3D + 2)y = e* + e**

Solution: %
Given equation is g\

(D?> —3D +2)y = e* + e**

The characteristics eq\& ill be
D? -3D + Q

=>‘ —-2)=00r(D-1)=0
D=2o0orD=1

Therefore, the complementary solution is

Yo = c1e** + ¢ e*

Now,
e* + e**
Y= T30 72
e~ + e**

—WT-o-1
B ex er
=T D-20-1) ®-2D-1)

xe* xe**
W a-ntTe-n
= y, = —xe* + xe?*
Hence,
Y=Yt
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=y = ¢ e?* + c,e* — xe* + xe?*

is the required solution.

Question # 3: (D?> — 2D — 3)y = 2e* — 10sin x

Solution:

Given equation is

(D?* — 2D —3)y = 2e* — 10sin x — — — (i)
The characteristics equation of (i) will be
D*-2D-3=0
=D?-3D+D-3=0
=DMD-3)+1(D-3)=0

= D-3)(D+1)=0

= D-3)=00r(D+1)=0
=D=30rD=-1

Therefore, the complementary solution is

Y. =cie3* + ce7*

Now,

_Ze"—lOsinx )
Y»="pz_2p_3 \ °
= _ 2e*—10si Q)

Y= D-3)D+1

®
- _ x 10sin x
Y = (p— (D—-3)(D+1)
10 Ime™*
— v

+1) (D-3)(D+1)

N\, 2e” 10 Ime*
W TR G-+ D

e* 10Ime™*

—_y, =
Yp =Ty T2 _2i—-3
e"+51meix
— = - — _
Yp =T T T2

e"+51mei" i—2
=y, =—— X
YW= T " T2 Nio2

e* 5Im(cosx+isinx)(i—2)

R 5
X
=y, = —?—Im(icosx—Zcosx—sinx—Zisinx)
ex
:>yp=—7—cosx+2sinx \
Hence, Q
Y=YctY¥p

Y
) \o
e -
=y=ce3*+ cz< :\— cosx + 2sinx
is the reun ut

VN

Question #4: (D* —2D% + D)y = x* + 3x + 1

A(D*-2D3+D)y=x*+3x+1———(i)
The characteristics equation of (i) will be
D*-2D3+D=0

= D(D®*-2D%*+1)=0

= D=00r(D3-2D?>+1)=0

As D = 1is the root of D3 — 2D? + 1 = 0. so, by
using synthetic division, we have

1 -2 0 1
1 0 1 -1 -1
1 -1 -1 0

The residue equation will be

D —-D-1=0
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--DFJD2-4D)(-1)

=b= 2(1)

_1F+5
T2

Therefore, the complementary solution is

1+\/§x 1—\/§x
V. =c1e*+ce 2 "+ 4cze 2
Now,
B x*+3x+1
Y»=D* 2D+ D
x*+3x+1

= Y = Dl + (D3 - 2D2)]

1 B}
= yp =5 [1+(D*-2D?)] ' (x* +3x +1)

1
=y, ==[1- (D% - 2D?) + (D - 2D?)"

P D
—-~-](x4+3x+1)

1
=>yp=5[1—p3+21)2+4n4

+ neglecting higher ord

+3x+1)
L )
=y, _—[1 D3+2D2+4D4 4+3 x+1)
[x +3x+%%x + 96|
=y, = 1x+97]
x2
—21—+97x

321,
+ +8x 2x +97x

Hence,

Y=YctYp

1+\/§x 1—\/§x x>
=y=ce*+ce 2 *++cze 2 +?++8x3

21,
— 7;\6 +97x
is the required solution.
Question #5: (D3 —D?> + D — 1)y = 4sinx
Solution:
Given equation is
(D3 -D*+D - 1)Dy =

The characteristics e

Therefore, the complementary solution is
Y. =c1e*+cycosx+ c3sinx
Now,

_ 4sinx
Y= D3 _D2+D-1

Y = 4 Ime™*
T D-DDE+ 1)

4 Ime'*
—1 =
YW= D-DD+)D-10)
4x Ime'™
-y =—
Y= U-Da+ 0
2x Ime'*
=¥ = iZ—i
2xIm e
=¥ = —1-—i
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2xIme”* —1+i
=y, = X
S I
_ 2xIm(cosx +isinx)(—1+1)
=Yp = (—1)2—i2
2xIm(—cosx+icosx —isinx — sin x)
=y, = >

=y, = x(cos x — sinx)

Hence,

Y=YctYp

= y=ce*+c,cosx+ c3sinx + x(cos x — sinx)
=y=cef¥+c,cosx+c3sinx+ xcosx —xsinx

is the required solution.

D 4 F2i
— =

2
=>D=2+i

Therefore, the complementary solution is
Yo = c1e7%* + (¢, cos x + c5 sin x)e?*
Now,

_ 40 cosx
" D3-2D?2-3D+10

Yp

= Yp

Question # 6: (D3 — 2D% — 3D + 10)y = 40 cos x

Solution:
Given equation is
(D3 —-2D%*-3D +10)y =40 cos x — — — (i)

The characteristics equation of (i) will be

D3 —-2D?-3D+10=0

The residue equation will be

D?—-4D+5=0

_—HFEHP-4DG)

=D 2(1)

4TV

=D
2

40 Re e'*
=
4i+4+8—-8i
‘ -
N _40Ree‘x
Yp = 12 —ai
- _40Reei"x3+i
Y»=24@ -0 " 3+i
10 Re(cosx + isinx)(3 +1i)
== 9+1

=y, = Re(3cosx +icosx+3isinx —sinx)
= yp, =3 cosx —sinx

Hence,

Y=Y+ Yp

= y=cie %+ (c;cosx + c3sinx)e** + 3cosx
—sinx

is the required solution.

Question # 7: (D* + 4)y = 4 sin*x

Solution:
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Given equation is
(D? + 4)y = 4sin’x — — — (i)

The characteristics equation of (i) will be

DZ+4=0
= D?=-4
= D = +2i

Therefore, the complementary solution is
Y. = €1 €COS2x + Cc; Sin2x
Now,

4 sin? x
Y»=prrg

1—cos2x

= 4E==)
Y» =" Dpria
2—2cos2x

— Y= "prya

_ 2 2cos2x

P D2+4 D?+4

=Yy

2 2 Re e%ix
=>y =5

P 4(1+DT2)_(D+2i)(D —2i)

+isin2x)

1 xsin2x
1 e
Yp =3 2

1
= Yp =E(1—xsin2x)

Hence,

4i

X —
4i

Y=YctYp
, 1 ,
=y= c10052x+czsm2x+§(1—xsm2x)

is the required solution.

Question #8: (D3 + D)y = 2x* + 4 sinx

Solution:

Given equation is

(D3 + D)y = 2x* + 4 i
®

The characteristics e ()

= %ii
refore, the complementary solution is

% c1e% + ¢, cosx + c3sinx
= Yy.=C€1+Cc08x +c3s8inx
Now,

2x% + 4sinx

=T34
2x? +4sinx
—1 =
Y= p3fD D3+D
2x2 N 4 Ime'*
—1 =
Y»=pa+pd " DA+ DD

4 Ime™
D(D+i)(D—1i)

2x?2 -
=>y,,=%(1+02) T4

2x2 (1-02)+ 4x Im e'*
= = — —
= i(i+1)

4xIm(cosx + isinx)

1
=y, =—(2x*-4)+ —

D

=y, = §x3 —4x — 2xsinx

Hence,
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Y=YctYp

2
=>y=c1+czcosx+cgsinx+§x3—4x

—2xsinx

is the required solution.

Question #9: (D* + D?)y = 3x* + 6 sinx —
2cosx

Solution:

Given equation is

(D* + D?)y = 3x% + 6sinx — 2 cos x — — — (i)
The characteristics equation of (i) will be
D*+D%2=0

= D*(D*+1) =0

=D=0,0D=+i

Therefore, the complementary solution is

Yo = 1% + cxe% + c3 cos x + ¢y sinx

=Yy, =¢1+Cx+c3c08x+cysinx

Now, Q
3x% +6sinx—2cosx \ ®
yp = D4 + DZ %
Ccos X
Yr D4 + \ v D* + D2
6 Ime'* 2 Ree'*

D2(D2+1) D2(D?+1)

6 Ime'*
DZ(D + D)(D — i)
2 Ree'*
" DZ(D +i)(D - i)

3 -1
2
= F + D ) +

6xIme'* 2xRee™
i2(i+i) i2(i+i)

3
=Yy

p= "(1 D) +

1 2 3xIm(cos x + i sinx)
:>yp:ﬁ(3x —6)— -

xRe(cos x + isinx)
i

X , 3xIm(icosx— sinx)
=YW=y T3 2
xRe(icosx — sinx)
l'Z

x4
=y, = i 3x% + 3xIm(i cos i
— xRe(icos
= yp = — — 3x° \

Hence,
Y=Yyt
4
I} x 2
= 2x+cgcosx+c4smx+z—3x
+3xcosx + xsinx
is the required solution.

Question # 10: (D? — 2D + 4)y = e* cos x

Solution:

Given equation is

(D> —2D + 4)y = e*cosx — — — (i)
The characteristics equation of (i) will be

D?—-2D+4=0

—(-2)tV4-16
=D =
2
2++/-12
=>D=—-
2
_2£2V3i
- 2
=D=1+3i

Therefore, the complementary solution is
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¥ = (c1 cosV3x + ¢, sinV3x)e*

Now,
_ e‘cosx
Y» =D _2D+4
=y,
_ e*cosx B rial shift
~ DI 20 +rD T4 (By exponential shift)
—y = e*cosx
Y»=Dpri2D+1-2D-2+4
e*cosx
= [
»=pry3
e* Ree™*
= [
= D243
e* Re(cos x + isinx)
I -1+3
e*cosx
:yp:T
Hence,
Y=Yt

X
= y = (¢, cosV3x + ¢; sinV3x)e* +
)

A\

is the required solution.

Question #11: (D3 — D* + 3D + 5)y = e* sin2x

Solution: %\\

Given equ \\

(D3 — y = e*sin2x — — — (i)

The cteristics equation of (i) will be
D3*-D?>+3D+5=0

D = —1 is a root of characteristics equation. So we

use synthetic division in order to find the other roots
of synthetic division.

1 -1 3 5
-1 0 -1 2 -5
1 -2 5 0

Now, the residual equation will be

D?-2D+5=0

Qo

p_—(2)+Va-20
2 °
)
2++v-16
> D=—-—
: O
2+

*+ (c, cos2x + c3 sin2x)e*

yci 1€~

ow,

e*sin2x
D3-D2+3D+5

Yp =

- B e*sin2x
P T D+ 12— D+1)2+3D+1)+5

(By exponential shift)
- _ e*sin2x
yp_D3+1+3D2+3D—D2—2D—1+3D+3+5
e*sin2x
—t =
Y» = D312D214D+8
e*sin2x
—1 =
Yp D?(D+2)+4(D +2)
e*sin2x
—t =
YW= D+2)(DE+a)
ex Im eZix
—t =
Y» =D+ 2)(D+ 20D = 20)

Umer Asghar (umermth2016@gmail.com)

For Online Skype Tuition (Skype ID): sp15mmth06678



B.Sc. Mathematics (Mathematical Methods)

Chapter # 10: Differential Equations of Higher Order

xe* Im e?*
—1 =
Y» = 2i+ 2)(2i + 20)
xe* Im e**
=y =——
Y» =8+ 1)
xe* Im e?*
= [ —
Y» =80 -1)
xe*Ime** j+1
—1 = X
Y= 8i—1) i+1
xe*Im(cos2x+isin2x) (i+1)
et =
Yp 8(i2 - 1)
— = xe*Im(icos2x + cos2x — sin2x + isin2x)
Yr = 8(-2)
xe*(cos2x + sin2x)
== 16
Hence,
Y=Yct+tYp

=y =ce "+ (cycos2x+ c3sin2x)e*
xe*(cos2x + sin 2x)
16

is the required solution.

. o\‘

Question #12: (D3 — 7D — 6)y = **(1 + x)

® A
Solution: 8
a

Given equ

(D3 — e*(1+x)——— (i)
The characteristics equation of (i) will be
D}-7D-6=0

D = —1 is a root of characteristics equation. So we
use synthetic division in order to find the other roots
of characteristics equation.

i o0 -7 -6
1] 0 -1 1 &6
|1 1 s

Now, the residual equation will be
= DD -3)+ Z(Q_§‘
= D-3)(D+2 \
ementary solution is

Therefo &
y %ze_u +cze®”

D2-D+6=0

= D2-3D+2D-6=0

‘_ e?*(1 +x)
" D3-7D—-6
e?*(1+ x)

—t =

Y= D+22-7D+2) -6

(By exponential shift)
e?*(1+ x)

—t =

Y» " D3 18+6D2+12D—7D —14—6

e?*(1+ x)

—t =

Y» =~ D3 {6DZ+5D—12

e?*(1 +x)

>y, =—

Yp 12<1_D3+6D2+5D>

12
e?*(1 +x) 1 D3 + 6D? + 5D\ |

f—1 = — —_

Yp 12 12

e?*(1+ x) 1+D3+6D2+5D+

—1 = — cee

Yp 12 12

Umer Asghar (umermth2016@gmail.com)

For Online Skype Tuition (Skype ID): sp15mmth06678



B.Sc. Mathematics (Mathematical Methods)

Chapter # 10: Differential Equations of Higher Order

Y er(1+x)( +5D
Yp = 12 12

+ neglecting higher power factors)

—yy = - (1,50

12 12
e** 5

=Yy = _E<1+x+ﬁ)
e?* 17

=y=-5("1)

Hence,

Y=Yct¥p

2x

e 17
p—1 = —-x —2x 3x ——( —)
y=cie "+ cye + c3e 12 x+12

is the required solution.

Question # 13: (D? — 7D + 12)y = e**(x3 — 5x?)

Solution:

Given equation is

(D2 —7D +12)y = e**(x® — 5x%) — — — (
The characteristics equation of (i) will be

®
DZ—7D+12=0

\ .
=D?-3D-4D+ MW = QJ
= (D —-3)(D \\%

= D=3

Th %vplementary solution is

Y. = c,188* + cet*
Now,

e?*(x3 — 5x%)

Y» = D2 _7D+12

oy = e?*(x3 — 5x%)
Y= +22-7D+2)+12

(By exponential shift)

e?*(x3 — 5x2)

—t =
Y» = D21 4+4D—7D—14 + 12

B e?*(x3 — 5x2)

= [
Y» =Dz _3Dp+2

2x( 43 _ 5,2
=>y=e(x 5x?)

P z_
2(1+—D 23D e
)
er — 5
=¥ =51+ 53 (2% — 5x2)

_eZX< D* 3D 9D®> 6D° 27D°

2 2 T2t 2 T3

+ ) (x3 — 5x2) neglecting greater powers

e 15p3 7D%* 3D
14 2 1

_e PPN\ 3 a2
=y, = 3 +4+2>(x 5x%)

e ( . ,, 90 42 70 9x* 30x
=>_‘yp=— x°> — 5x +?+TX—T+T—T

p 2 4 8
- _ezx 3 x2 9x 25
W=\ ¥ T2 T2,
er
=>yp=?(4x3—2x2—18x—25)
Hence,
Y=Yct+tYp
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=y =ce3* +ce?* 3 8D? ]
2% =y, =—x"|1+ 5 + ---neglecting terms
— (4x° — -1 2
* ( x* =228 8x — 25) 5Re(cos 2x + isin 2x)
is the required solution. (5)(=5)
cos 2x
Question # 14: (D* + 8D% — 9)y = 9x3 + 5 cos 2x =ypy=-x—3 (6") —5)
Solution: _ C 3 16x _cos 2x
Yo = 3 5
Given equation is
Hence,

(D* +8D% —9)y = 9x3 + 5 cos 2x — — — (i)

Y=Yct+ ¥
The characteristics equation of (i) will be ﬁ

=y=ce* +cze ¢, sin3x — x3
D*+8D*-9=0

5
= D*+9D?>-D?-9=0 N

is the required solution. Question # 15:

= D*(D*+9)—-1(D*+9)=0
(D* + 3D? — 4)y = sinhx — cos® x

= (D*+9)(P*-1)=0

= D=+3iorD=+1

iv%n equation is
Therefore, the complementary solution is

(D* + 3D? — 4)y = sinhx — cos® x — — — (i)
Y. = c1e* + ce7* + c3c0s3x + ¢4 sin 3x

The characteristics equation of (i) will be
Now,

3 ° D*+3D*-4=0
9x° + 5cos2x

Y» = ptigpz_9 &\ b D = 1 & D = —1 are the roots of characteristics

equation. So we use synthetic division in order to find

3
=Yp = ﬁ the other roots of characteristics equation.
5Re e?*
(DZ TOMI-D 1 0 3 0 -4
1 0 1 1 4 4
1 1 4 4 | 0
D4 + 8D? -1 0 -1 (] -4
=Yp 9 ) 1 0 4 | 0
5 Re e?
((Zi)2 + 9)((21)2 —-1)
, D* + 8D2 Now, the residual equation will be
G x(1+ 9 > D?2+4=0
5Re e?*
e areyy = D =4

10
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= D = +2i

Therefore, the complementary solution is

Y. = c1e* +ce7* + c3c082x + ¢4 Sin 2x
Now,

sinh x — cos? x

Y= pty3pT—2a
sinh x cos? x
—14 = —
Y»=D*13D2-4 D*+3DZ—4
eX—e*
=y, = 2
P D+ 1D 1D+ 20D - 20)
1+ cos2x
-2
D*+3D%2 -4
=Yp=Yp, ~Vp,— — — (@)
Consider,
eX—e*
2

Y1 T D+ DD - DD + 2D (D - 2i)

1 e*
B E[(D +1)(D—1)(D + 2i)(D

:>yp1

xre* e™*

— - l— - —
Y1 72010 10
x[e*—e™”*

=Y T2 10 ]

x e*—e™*
=>y”1=1_0[ 2 ]

x sinh x

:>yP1: 10

Now consider,

1+ cos2x
2

Yr: = Dty 3Dz —4

1[ 1

HRRE
Yp2 =3 D4+3D24+§
.
= Y, 0\\
te %1)(1)”0(0—20

_1f 1/ pt43pn\”
N i Gl

N x Re e?i*
Qi+ 1)(2i — 1)(2i + 20)

1] 1(1)+xRee2i"
= = —|—— —
Y2 =27 (—5)(4Q)
1[ 1 xRee?™*
= = |-
Y2 =272 200
1] 1 xRe(cos2x+isin2x)i
eI 20
1] 1 xRe(icos2x — sin2x)
RGN R 20
1[ 1 x(—sin2x)
RECRE R ST
11 1 xsin2x
=¥ =3"3" 20 |
1 xsin2x
BEGIE ET
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Thus equation (a) becomes

xsinhx 1 xsin2x

=Yy

P10 8 40
Hence,
Y=Yc+¥p

= y=c1e¥+ce7™* 4+ c3c0s82x + c4sin2x
xsinhx 1 xsin2x

10 8 40

is the required solution.

9xe%x

“D2+4+4D—-8D—16+ 15

— yp
9xe%*

= =
Y» = D2 _ap+3

+»+ Solve the initial value problem.
Question # 16:

y"' —8y +15y =9xe?*  y(0) =5,y'(0) = 10

Solution:

Given equation is

y" — 8y’ + 15y = 9xe?* — — — (i)

The characteristics equation of (i) will be
D?-8D+15=0

= D?*-3D-5D+15=0 o

<.
= (D-3)(D-5) = QJ
= D =3o0rD =5 %

No

=DMD-3)-5(D-3)=0

solution is

erx

Y»=D2_8D +15

9xe?x

YT D+2?2-8D+2)+15

(By exponential shift)

+n

N

e
4
er<1+_ x

4
3
glecting higher powers) x
)
3

’p=3

— 2,2x 4
=y, = 3e (x + §>
= y, = 3xe®* + 4e**
Hence,
Y=YctYp
= y = 163 + 5% + 3xe?* + 4e?* — — — (ii)
Applying y(0) = 5 on (ii), we have
5=ci+c,+4
=ct+c=1
=c=1-¢———(a)

Differentiating (ii) w.r.t "x", we have
y' = 3c1e3* + 5c,e5* + 3e?* + 6xe?* + 8e?*

= y' = 3c,e3* + 5c,e5% + 6xe?* + 11e%* — —

— (iiQ)
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Applying y'(0) = 10 on (iii), we have
10 = 3¢4 + 5¢, + 11

= 3¢1 +5¢, =-1
=3c;+5(1—¢c1) =-1
=3¢1+5—-5¢;=-1

= —2C1 = -6

Hence,
y = 3e3* — 2e5% + 3xe?* + 4e**

is the required solution.

Question # 17:

y'—4y' +13y =8sin3x y(0)=1,y'(0) =2

Solution:

Given equation is Q

y,'—4}"+13y=85in3x—%& e

The characteristics equ

Now,

_ 8sin 3x
Y» =Dz _ap+13

8 Im e3x

= =
Y» = D2 _aDp+13

B 8Im e3*
P _9_-12i+13

8Im e3ix Q\
>y, =—

=Yy

P4 121
81me3’.x§ .
=Yy = —
Y» = 4(1 - 30) \
oy = + i 3x)(1+ 3iQ)
Yp = +9
+ 3icos3x + isin3x — 3 sin 3x)
= Yp = 10
0os 3x + sin 3x
P 5
eﬁe,
Y=Yc+tYp

= y = (¢, cos 3x + ¢, sin 3x)e?*

3 cos 3x + sin 3x ..
= )

Applying y(0) = 1 on (ii), we have

3
1=C1+§
$C1=1_§

2
e =z-——@

Differentiating (ii) w.r.t "x", we have

4+ 6i
= D= > y' = 2(cq cos 3x + ¢, sin 3x)e?*
+ (—3c4 sin 3x + 3¢, cos 3x)e?*
=D=2+3i —9sin 3x + 3 cos 3x
5 — —(iii)
Therefore, the complementary solution is
Applying y'(0) = 2 on (iii), we have
yc = (¢4 cos 3x + ¢, sin 3x)e?*
13
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3
2=ch+3cz+§
4 3
=>2—§+3CZ+§
=2 7+3
_5 CZ
=2 7 3
5 ¢
= —-=3c,
1
=cy, =—
Cy 5
Hence,

3 cos3x + sin3x
5

2 1 )
y = <§c053x+§sm3x)e * 4+

1
=>y= s [(sin 3x + 2cos 3x)e?* + 3 cos 3x + sin 3x]

is the required solution.

Question #18:y'"' — 4y =2 — 8x
0,y'(0)=5

y(0) =

Solution:
Given equation is A
|
y' —4y=2-8x———(i) %
The characteristics eqw Il be
®

D?-4=0 \
= D? = n
. Q
Therefare, the complementary solution is
Ye = 1% + ce™%*
Now,
2 —8x
Y»=pr_3

2 —8x

po 2
=c1+c——
1t~y

. 1
=cte=5

1t60=35

1
=>02=E—C1———(a)

n_n

Differentiating (ii) w.r.t "x", we have
’ 2x —-2x 1
y' =2cie“* —2cye™ % — Z(_S)
y' = 2c1e?* — 2c,e7 %% + 2 — — — (iii)
Applying y'(0) = 5 on (iii), we have

5=2C1—2CZ+2

= 2¢1—2¢c =3

1
=>201—2<§—cl>=3

=4c,=3+1

ﬁ(,'l:l
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Now (a) =
1

€ =5-1)

e = 1

Cy = 2

Hence,

=>y=e2x—1e‘2x+2x——
2 2

is the required solution.

Question #19:y"' +y = xsinx

y(0)=1,y'(0)=2

Solution:

Given equation is

y'+y=xsinx — —— (i)

The characteristics equation of (i) will be
D?2+1=0

2 _ _
= D*“=-1 Q

\ .
Therefore, the comple %n is
Y. =C€1COSX c% i :

Now, \\

=D =+i

xeix
I N
m MD+i?+1

(by exponential shift)

xeix
D2—-1+2Di+1

=y, =1Im

3/ = Im(cos x + isinx) x2+x
P 4i 4
I * el +x2"
=y,=Im|{—cosx+—cosx +—isinx
Yp 4i 4 4i
+x. -
—isinx
4
ix? x x%
=y, =1Im —Tcosx+zcosx+zsmx
+x- -
—isinx
4
x? x
=>yp=—zcosx+zsmx

xsinx x%*cosx
=>y = —

p 4 4
Hence,
Y=Yc+tYp
) xsinx x%*cosx .
Yy =¢€1€0SX + CySinx + R — —(ii)
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Applying y(0) = 1 on (ii), we have

1:C1

n..n

Differentiating (ii) w.r.t "x", we have

sinx xcosx

!

y' = —cysinx + ¢, cosx +

4
2xcosx+xzsinx (i)
- — — — (iii
4 4
Applying y'(0) = 2 on (iii), we have
2 = Cy
Hence,
] xsinx x%cosx
y=cosx+2sinx + R—

Is the required solution.

Question # 20:

y'"+3y"+7y + 5y =16e *cos 2x

y(0)=2,y'(0) = —-4,y"(0) = -2

N

Solution:

Given equation is 'Y
y'" +3y"+7y + 5y %\ °

= 16&‘? — — (i)
The charact .s 1 % jon of (i) is
D3 +3D \.% =0
D Q; —1 are the roots of

charatteristics equation. So we use
synthetic division in order to find the
other roots of characteristics equation.

1 3 7 5
1|0 -1 -2 5
|1 2 5| o

Now, the residual equation will be
D?+2D+5=0

@) V(22 -41)(5) \
- EEUQ

:z;??ﬁ»\
Chgl

= D =
0 complementary solution is
Y. =¥cC1c0s2x + ¢y sin2x)e™ + cze™*
e
w,

_ 16e * cos 2x
" D3+3D2+7D+5

Yp

First, we will use the exponential shift and then use
the process which is used in above questions and
finally we will reach

Yp = —2e *xcos2x
Hence,
Y=Yc+Yp

y = (¢ cos2x + ¢, sin2x)e™ + cze™*
—2e *xcos2x — —(ii)

Since initial boundary value conditions are given. We
will use that conditions and obtain the final result as
below

y=2e *cos2x —2e *xcos2x

Is the required solution.
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