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Question 1[4.4] a) Discuss the existence of unique solution of the fol-
lowing initial value problem
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The initial value problem has a unique solutionon I = (—2.2)



b) Seolve the nonhomogeneous differential equation

1# Find y,

ye— y'—2y"=3y=0

lety =e™ ; y' =me™ ;Y =m2Ze™
m2e™ — 2me™* — 3e™X = () Divided by e™mx
Characteristic equation m?—2m—-3=0

2# Find y;,
f(x) = e?* + 5cos(2x)
f(x)1 = 5cos(2x) - m= +2i -y, = acos(2x) + bsin(2x)
f(x)2 =e** - m=2 -y, =de
yp = de** 4+ acos(2x) + bsin(2x)

y'p = 2de®* — 2asin(2x) + 2bcos(2x)



y", = 4de** — 4a cos(2x) — 4bsin(2x)
y'" —2y' — 3y = e* + 5cos(2x)
(4de?* — 4a cos(2x) — 4bsin(2x)) — 2(2de?* — 2asin(2x) + 2bcos(2x))
—3(de?* + a cos(2x) + bsin(2x)) = e?* + 5 cos(2x)
—3de?* — 7acos(2x) — 4 b cos(2x) — 7bsin(2x) + 4a sin(2x) = e?* + 5 cos(2x)

—3de?* + (—7a — 4b) cos(2x) + (=7b + 4a) sin(2x) = e?* + 5 cos(2x)

L 2x
Divided by € —3de?X = 2%

3d=1 - d=-=

—7a—4b =5

Multiply by% 4a—T7b =0

/a—4b=5
%—%b:()

65b—5
b=



b=-13
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=713
yz}Ic'i'yp

7 4
-3 cos(2x) — 1—35in(2x) + c,e3% + cye”

X



Question 2 [4,3]. a) If y; = z%" is a solution of the differential equation

"
ay

oy’ — Az 41y +(z + 2y =0, z#0,

then use reduction of order method to obtain its general solution.
xy" =2x+1D)y'"+(x+2)y=0
y =yu =x3e*u
y' = 3x%e*u + x*e*u + x3e*u’
y'" = 6xe*u + 3x%e*u + 3x%e*u’ + 3x%e*u + x3e*u + x3e*u’
+3x%e*u’ + x3e*u’ + x3e*u”
y' = 6xe*u + 6x%2e*u + 6x%e*u’ + 2x3e*u’ + x3e*u + x3e*u’’
xy" = 2y'x—=2y"+xy+2y=0

!
6x%e*u + 6x3e*u + 6x3e*u’ + 2x*e*u’ + x*e*u + x*e*u’’ — 6x3e*u — 2x*e*u

— 2x%e*u’ — 6x%e*u — 2x3e*u — 2x3e*u’ + x*e*u + 2x3e*u =0

x*e*u' + 4x3e*u' =0 Divided by x3e*
xu" +4u' =0
Letw=u" .w' =u"
dw
x—+4w =0
dx
dw dw dx
x—+4w =0 - xdw+4wdx =0 -»> —+4+4—=0

dx w X



dw dx
—+4 | —=
w X

0

In(w) + 41In(x) =c

In(wx*) =c¢

u=clfx‘4dx
€1 _
u=-—x 4+,

y = x3e* (—%x‘3 + cz)

! X 3,x
y=—§e +C2X e



b)/Determine either the functions

fi(z) =€, filz)=c¢

falz) = cosh 2z,

are lincarly independent or linecarly dependent on (o0, 00).

filx) =e* . f(x)=e* . f3(x) = cosh(2x)

afitcefiteaf;=0

cosh(2x) =

e
cosh(2x) — ——=0
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1
C1=__ . sz—z . C3:1

All are not zeros

fi-f>- f5 are linearly dependent on R



Question 3 [5] Find the general solution of the differential equation
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lety = x™ . y' = mx™1 y'" =m(m—1)x™m?2

amm—1)+am+ay, =0

a,m?> —a,m+am+ay, =0

a,m? + m(a; —a,) +a, =0 Where
ye > m?*—4m+3=0
my =3 - Y1 =x
Roots
m; =1 - Y, = x°
Vo = 1% + cpx3
Yp = YiUqg + YoUp
foy =208 .
f(x) = x2e*
3

w = 2x



0 Y2 0 3
X
W1=| () ’ —>W1=| > 2|=_xsex
flx Y2 x“e* 3x
W_Y1 0|_>W_|x 0 — 3%

=7 — _

2y f) 1711 x2e*
w = 2x> wy = —x’e* , w, = x3e”

w. 1 1
Uy =jW1dx= —ijzexdx= —E(xzex—erx+2ex)

xZ
u; = (—E +x—1)e*

W> 1 X 1 .
uZZJde=§je dx=§e

X2 1 .
sz(_z +X—1)ex*x+zex*x

x3 5 1 5
Yp = (_E +x“ —x)e* +-e*x

2
Yp = x(x —1)e*

Y=Yt

y =X+ cx3 +x(x —1)e*



Question 4 [5] Solve the following linear system of differential equations.

x'—x+y=t

y —x—-3y=-3t

Dx—x+y=t

Dy —3y —x = -3t

—(D - 3)* D-Dx+y=t
(D—3)y—x=-3t

—(D -3)(D - Dx—(P—=3)y=—(D -3t
W—x=—3t

—(D?—-4D +3)x —x = —(Dt —3t) — 3t

x"—4x" +4x =1

x =em x' = me™ x" = m?e™t
X, - m?—4m+4=0
m =2 - x; =e?*



x"—4x" +4x =1

44 = 1
A_1
4

1
Xp =~

1
x = c,e?t + ¢ te?t + 7

x' = 2c¢,e?t + 2c,te?t + c e?t

y=x—x+t

1
y = ce?t + cyte?t + i (2c,e?t + 2¢,te?t + ce?t) + t

1
y =—(c; +cy)e?t —cyte? +t+ 7



