Chapter 1 Ordinary Differential Equations

The solution of the differential equation % =f(x) is

y() = [ FO0dx+C =y, )+ Y, (%)
where y (x) and vy, (x) are particular solution and homogeneous

solution, respectively.

Ex. :—y =sin(ax) + cos(bx) + X" +e* + x™'
X

y = [ [sin(ax)+cos(bx)+ X" + € +x"'Jdx + ¢

n+1

1+ex+lnx+c

= —lcos(ax) + lsin(bx) +
a b

Ex. y_1 +2X cos(ax)
dx x

y= J'[l+ 2xcos(ax)Jdx+c = J.ldx +J.2XCOS(aX)dX +C
X X
=InXx +éj.2xd sin(ax)+c=InXx +é[2XSin(aX)—2J.Sin(aX)dX]+ c
~Inx+2 xsin(ax) 3(—l)jd cos(ax) +¢
a a a

=InXx +g Xsin(ax) + %cos(ax) +C
a a

2
Ex. d 2/ = l+ 2Xx cos(ax)
dx* X
] =InX+ 2 Xsin(ax) + %cos(ax) +C,
dx a a

y= j[ln X+ % xsin(ax) + écos(ax)]dx +C,X+C,

2 1 2
= jln xdx +=(— —)J' xd cos(ax) +—- J. cos(ax)dx +c,x+c,

a a a

2 2 .
=(XInx— J. xdInx)— ?[x cos(ax)— J'cos(ax)dx] + gsm(ax) +C,X+C,
. 2 | 2 .

=(XInx- J. XX~ dx) — y[XCOS(aX) - Esm(ax)] + ;sm(ax) +CX+¢C,

2 4 .
=(XInx- x)—?mos(ax) +?sm(ax) +CX+C,



=XInXx- émos(ax) +%sin(ax) +(c, —1)x+c,
Consider the equation f(x,y)=c

Then 0=df(x,y) :Z—;dx+%dy = M (X, y)dx + N(x,y)dy

§ Exact D. E.
Definition.

The equation M(x,y)dx+N(x,y)dy=0 is an exact differential equation if

and only if there is a function f(x,y) such that

M=, NS
OX oy
Theorem
M(x,y)dx+N(x,y)dy =0 1is exact if and only if % = %—N
X

Ex. Solve (y’+2x)dx+(3xy’+1)dy=0

oM oN oM oN
M(X,y)=y +2x, N(,y)=3xy>+1, ——=3y>, Z==3y> =",
(X,y)=y (X,y) =3xy it M~ o o

(y’ +2x)dx+(3xy’ +1)dy =0 is an exact differential equation

g—f=M(x,y):y3+2x implies f(x,y)=xy’+x*>+g(y)
X

ﬂ:3xy2+d—g:N(x y)=3xy>+1 implies g(y)=y+c
oy dy

So, f(x,y)=xy’+x*+y+c.

Another way, y'dx+dx*+xdy’+dy=0 or (y’dx+xdy’)+dx*>+dy=0
Xy’ +x°+y=c

Ex. Solve (x’+cosy+ l)dy = (l2 —3x7y)dx
X X

x3dy+cosydy+ldy+3x2ydx— y dx=0, x3dy+cosydy+ldy+ ydx3+ydl:0
X X X

XZ



x*dy + ydx® + cos ydy + yd l+ldy =0, d(x’y)+cos ydy+d(1) =0
X X X
x3y+siny+1:c
X
Ex. Solve (2xy+x*)dx+(x* +y*)dy =0
0=(2xy + X*)dx + (x> + y*)dy = ydx? +%dx4 +x2dy +%dy3
0=(ydx* + dey)+ldx4 +ldy3 x2y+lx4 +ly3 =c
4 377 4 3 '
§ Integrating factor
Suppose M(x,y)dx+ N(x,y)dy=0 not to be an exact differential equation.
If there exists an u(x,y) such that uM(x,y)dx+ uN(x,y)dy=0 to be an

exact differential equation, then u(x,y) is called an integrating factor.

Ex. (x*+y>=x)dx—ydy=0, M(Xy)=x>+y>=x, N(X,y)=-V,

ﬂ:zyiﬂzo. However,
oy OX

(x> + y?)dx — (xdx + ydy) = (x> + yz)dx—%d(x2 +y*)=0

y(x,y)z%, 20x — 21 ~d(xX*+y*)=0, 2x-In(x*+y*)=c
X2 +y X2 +y

Ex. ydx+(x*y’+x)dy=0 is not an exact differential equation.
x>y dy + (xdy + ydx) = x*y*dy +d(xy)=0

1 1
/,I(X, y) :X2—y2 ’ ydy+ X2y2

d0y)=0, ~y ~-—=c
2 Xy

Ex. xdy-ydx=(4x*>+y*)dy is notan exact differential equation.

1 1
—r(xdy - yox) = (4 + y2>dy+d<§)=[4+(%>2]dy

du _q _ 2 d/2) 1 du/2)

Let u=y/x— >=dy= 5= 2>
4+u 41+@U/2)” 21+(@U/2)

Let u/2=tand—d(u/2)=sec’dg—



dy=%d9—> 2y=60+c=tan"'(U/2)+C=tan"'(y/2X)+C
—y/2X=tan(2y—-cC).

Ex. y(d+xy)dx+(2y-x)dy=0

ydx — xdy Jr%yzdx2 +dy’ = 0—>%(ydx— xdy)er(%xz)Jr%dy2 =0

—>d(1)+d(lx2)+d]ny2 =0— 1+lx2+lny2 =C
y 2 y 2

2
Ex. 2xlnydx+1+X dy=0
2
2 gx+—dy=0 53D 1 410y _0 (¢ 1)+ Inlny) =c
1+ X ylny 1+X Iny

(x*+1)Iny=¢°

§ Separation of variables

f(x)dx+g(y)dy=0 — j f(x)dx+_|.g(y)dy=c

Ex. ﬂ+4x+sinx=6yzcosy3d—y— 42
dx dx 1+x
dy -6y’ cos y’dy = (—4x —sin X — 4 —)dx —

1+X

dy —2cosy’dy’ = —2dx* +dcosx—4d tan™' x —
y—2siny’ +2x> —cosXx+4tan"' x=c¢

secy—sinydy:O9

Ex. (2xcosy)dx +x*(secy —siny)dy =0— 2 ax+
X cosy

2dInx+dtany+dIncosy=0—>Inx>+tany +Incosy =C
§ Homogeneous Eq.
Given a function f(x,X,,...%) 1f f(Ax,AX,... AX )=A"f(X,,X,,..., X )

R RRRE AN

Then f(x,X,,..,X,) 1s homogeneous of order n.

Ex.Is f(x,y)=Xny{x*+y*> -Iny]+ye*”” homogenecous



f(x,y)=xXIn(yx*+y* /y)+ye—
f(AX,AY) = AXIn(AY X2 + Y2/ Ay) + Aye™ ™ — f(AX,Ay) = AT (X, Y)

If M(Ax,Ay)=AM(x,y) and N(Ax,Ay)=AN(X,Y)

dy My MLy/X)a
Then M dx+ N dy=0—>—2=— —— 2R(y/
en M(x,y)dx+ N(x,y)dy X NOLY) N(Ly /%) (y/x)

Let u:y/x—>%=x3—i+u:R(u)ej du :jd_lenx

Ex. (x*+3y*)dx—2xydy =0 is homogeneous

2
y = Xu—> (1+3u?)dx — 2u(xdu + udx) = 0—> (1+u?)dx — xdu’ _o—> X ldu ~=0
X 1+u

—Inx—In(l+u’)=c—>x/(1+u>)=e"—> X’ / (x> + y*) = €"

Ex. (x*+y?)dx =2xydy

dy

Ex. X Y= (x> =y —=[(x* - y*)"* + yldx—xdy =0 is homogenous
L 2N12 dx du
et y=xu—x[(1-u") +u]dx—x(udx+xdu):0—>7—m:0

) dx .
Let u=sinv—>——-dv=0—>Inx—-v=Cc—>InXx—sin'u=c—>
X

Inx—sin'(y/x)=c¢

Ex. x%= y+(x*+y»)"* is homogeneous
Let y=xu— x(xdu+udx)=Xx[u+(1+u?)"*]dx 9%:%
(I+u”) X

coshddd %
coshéd X

Let u=sinhd— —@-Inx=c—>sinh 'u-Inx=c—

sinh™'(y/X)—Inx=c¢

2
Ex. d_y=y_2+l
dx x° X
Let y:xu_>u+xd—u=u2+u —>d—g=%—>lnx+u":c—>1nx+(x/y):c
dx u X
Consider & - &+by+c

dx Ax+By+C



Case 1. aB=Ab.

Let (x,,y,) be the intersection of ax+by+c=0 and Ax+by+C=0.

Let x=u+x,, y=v+y,, then v _autby
du Au+Bv

Case 2. aB=Ab
Let v=ax+by if a#0 or v=Ax+By if a=0.

Ex. ﬂ: X—y+5
dx x+y-1

(-2,3) is the intersection of x-y+5=0 and x+y-1=0

Let x=u-2, y=v+3,then OI—V:ﬂ or (u+v)dv=(u-v)du
du u+v

— udv +vdu +vdv —udu=0 - d(uv)+d(%v2)—d(%u2):0

— uv+%v2 —%uz =c—> (x+2)(y—3)+%(y—3)2—%(x+2)2 =cC.

Ex. d_y:4x—2y+5
dx 2X—y

Let v=2x-y — dy=2dx-dv, 2—ﬂ=2\/+5
dx v

— —vdv =5dx —> 5x+lv2 =c

- 5x+%(2x—y)2 =c

Consider Y _ &+by+c
dx Ax+By+C

Case 1. aB=Ab.

Let (x,,y,) be the intersection of ax+by+c=0 and Ax+by+C=0.

Let x=u+x,, y=v+y,, then Qv _autby
du Au+Bv

Case 2. aB=Ab
Let v=ax+by if a#0 or v=Ax+By if a=0.

dy X-y+5
dx x+y-1

Ex.

(-2,3) is the intersection of x-y+5=0 and x+y-1=0



Let x=u-2, y=v+3,then d_v:u or (u+v)dv=(u-v)du
du u+v

— udv +vdu +vdv —udu=0 - d(uv)+d(%v2)—d(%u2):0

— uv+%v2 —%uz =Cc—> (x+2)(y—3)+%(y—3)2—%(x+2)2 =cC.

Ex. d_y:4x—2y+5
dx 2X—y

Let v=2x-y — dy=2dx—dv, 2_%:2v+5 — —vdv = 5dx —>5x+%v2=c
X v

- 5x+%(2x—y)2 =c

If f(x,y) is a homogeneous function of degree n, then x%+ y% =nf

Pf: f(Ax,Ay)=A"f(X,y),

if(ﬂx,/ly)z of 8(ﬂx)+ of 6(/1y):n/1”*1f(x,y)
di 8(AX) A  A(Ay) 04
of of 0
X + =nA" f (X,
o) Y ay) Cey)
of of
Let A=1,then x—+y—=nf(x,
ox yé’y (X,Y)
df :idx+ﬂdy= Mdx + Ndy
OX oy
Properties:

a. If M(x,y)dx+N(x,y)dy=0 is homogeneous and exact, then its

solution 1s
XM(X,y)+yYN(X,y)=c

b. If M(x,y)dx+N(x,y)dy=0 is homogeneous, then

——— s an integrating factor
XM + yN

§ Integrating factor

dy_ G0, _HX

gy _
FOO g HERY =R =g F(x)"  F(x)



Integrating factor u(x)= exp(j%dx) ,

d z(X) = exp( j de)gdx = ,u(x)%dx

dy G(x) H(x) d_y G(x) H(x)
ﬂ(X) + p(X )F( %) = u(X) FX) —>,U(X)dx (X )F( % = u(X) Fx)
S u(xdy + yﬂ(x)ﬁdx 200 4 s dru0y1= 0 T X o

F(x) F(x) F(x)
HX)
lx )U YT )d”CJ
Ex. (2y+x2)dx:xdy—>—y+(_—2)y:x
dx X
H(X)= exp(—2jd—;) =exp(-2Inx) =exp(Inx?) = x>

x‘zj—y—2x‘3y: X' > d(xy)=x"dx »> x?y—-Inx=¢c - y=x*(c+Inx),
X

Ex. d—y+2xy+x:e‘xz —>ﬂ+2xy:e‘xz - X
dx dx

#(x) = exp(2[ xdx) = exp(x’) =e*’, e* 3—y+ 2xe¥'y =1-xe*
X
d(exzy) =(1- xe* )dx — e*zy = j(l— xe* )dx = x—%jexzdx2 =x—e° +¢

Ex. sin X%Jr y cos X = cos2X
X

Ex. (5x*+ 1)3—y— 20xy =10x
X

dy s lg)x v = I?X ,
dx  Sx+1 5x°+1
1
1(X) = exp(— 2j dx) exp[— 21n(5x2+1)]=m,
;dy ) 120x xy= 120x :
5> +1)7dx  (5xP+1) (5x"+1)
d(5x° +1) (Sx +1)7+c

y _
(5x% +1)? _J-(sz +1)° dX_J (5x% +1)°

y = —%+c(5x2 +1)°

§ Special 1% order eq.



1. Bernoulli eq. %4‘ p(X)y =Q(x)y"

I-n
Y by = - Y

i g T POy T =QM)

y
1-n dY
Let Y=y "> &+(1— n)p(X)Y =(1-n)Q(x)
H(X) = eXp[f(l —n)p(x)dx] — ﬂ(X)%+ (1= p(X) u(X)Y = (1-n) u(X)Q(X)

= LU0V T = (=MAIQ() = Y (X) = — ([ (1= ()X +c]
X H(X)

1

y:Y1—n
-3
Ex. 3x0|—y+y+x2y“:0—>3xy“‘0|—y+y‘3+x2:0—>—xOly +y 44X =0
dx dx
dy> 1 _ dx, 1
>y ox=0, p0=exp(-[ )=
X X x X
-3 -3
_)ldy —izy‘3—1:0—>i(y—):1—>y‘3:x(x+c)—>y=[;]”3.
X dx X dx = x X(X+C)
2. Riccati Eq. g—y: P(X)y> +Q(X)y + R(X)
X
If y,(x) is one solution then %=p(x)yf+Q(x)yl+R(x)
d(y_yl)

i POOCY” = ¥ +QO)(Y - ¥))
X

Let y-y, =2z, »>

g_i =P(x)(2* +22y,)+Q(X)z=P(x)z> +(2y,P+Q)z ... Bernoulli Eq.

Ex. g—y:y2+(1—2x)y+(x2—x+1)
X

Try y,=ax+b— a=(ax+b)’ +(1-2x)(ax+b)+(x* —x+1)

—a=1, b=0.
Let y=x+1z —>£=22+z—>g—£:dx—>lni:x+c
dx z 7+l z+1
—>i:exe°—>Z—Jrlze‘xe“::cle‘x—>l=cle‘x—1—>z:(cle’x—l)’1
z+1 z z

y=(ce*-1)"+x



Ex. OI—y:(x+ YI(X+Yy—2)
dx

Try y,=ax+b—>a=(x+ax+b)(x+ax+b-2) >y, =—x+1

Let y=(-x+1)+z —>—1+3—Z:22—1—>—z' =X+C—>Z=—(X+cC)"
X
y=1-Xx—(x+c¢)"

Ex. j—y—(y Dty
X

Let y=1+z —>£:z(l+1+z):22+z(l+l)—> ‘22—(1+ )
dx X X dx
-1
S92 a4l Dzt=-1, () = expl [ (1+ )] =
dx X
i(xexz“)——xe — Xxe*z” —(l—x)ex+c—>z=L
dx (1-x)e*+c
xe*
y=l4—
(1-x)e*+c
3. Clairaut Eq. y= xd—y+ f(d—y)
dx dx
The solution is y=mx+ f(m).
dy dy 1 dy 1
Ex. x4 —_—, YEX—T——
Y=g y=xgl T 16
dx

§ High order L. D. E.

The operator L(y)=a,(x)y"™ +a,(x)y" " +..+a,y is linear, i.e.,
L(ay, + £Y,)=aL(y,)+ SL(Y,)

The differential equation L(y)=0 has n homogeneous solutions vy, ..
Yn

The combination y=>) cy,
i=1

Consider the equation a,y™ +ay"" +..+a,y=0

Usually, the solution y can be set as the form y=e*, then the

10



eigenvalue A are determined by the characteristic equation

QA" +a A" +..+a,=0

Ifall 4 are distinct, then y=> ce*".

i
i=1

§ Reduction of order
If u(x) is one solution for a,(x)y"+a,(X)y'+a,(x)y=0
Then y(x)=u(x)v(x), where v(x) will be determined

y'(X) =U' (V) +UV(X), Y (X) =u"()V(X) + UV (X) + 2U'(XV'(X)
a,[u"v+uv’+2uV]+a (uv+uv)+a,uv=0

a,uv’+(2a,u’+au)v' +(a,u”+au’+a,u)v=0

2a,u’+au
+ 17

Let z=Vv' > auz'+(2au'+au)z=0— 7' =0
a,u
g: _2a0u—+a1udx S 7 :exp[_'[wdx+c] RN
z a,u a,u
2 ’
V:Iexp[—IMdX+C]dX+b
u

§ Variation of parameters

Let u(x) and v(x) be two solution of the equation
a,(x)y"+a,(x)y'+a,(x)y =0

Then the solution of the equation a, (x)y"+a,(X)y'+a,(X)y = f(x)

can be expressed as y(x)=yu+y,v, where y, and y, will be
determined.

Let yu+yyv=0,then y'(x)=yu +y,v, y'(X)=yu' +yVv+yu +y,v",
a,(yu'+yvV+yu +yvy+a(yu+yVv)+a,(yu+y,v)=f

a,(yu'+yv)+y(au"+au +au)+y,(aVv'+av+ayv)=f

11



a,(yu'+yv)=f. Both y, and y, are determined by the following two
equations: yu+yw=0 and a,(yu'+y\)="f.

Ex. y"+3y'+2y=0

Let y=e® > A*+31+2=0, A=-1, 2

y=ce*+c,e™

Ex. y"+2y'+y=0

Let y=e® > 2°+21+1=0, A=-1, -1>y, =",

Let y=yu— yu"+2(y,+y)u' +(y"+2y,+y)u=0—->u"=0
U=CX+C, > y=e*(c,x+c,)

"

Ex. y"+3y"+3y'+y=0

Let yzeﬂx—)ﬁ,3+3ﬂ,2+3ﬂ+1=0’ A=-1, -1, _1_>y1=e—x’

Let yzylu_>y=e—xu’ ylze—x(ur_u)’ y”=e_x(u”—2u’+U),

m m

=X " " ' 2
y"=e " (U"-3u"+3u"-u) > u" =0 > u=CX +C,X+C;

y =e*(c,X* +C,X+C,).

Ex. y+y+y=0->21+1+1=0, ;tz—%ijT3
e L e o
y=ce > 2 +4ce 2 2 =e?[ce? +ce 2]
Ay
=e ? {c [cos(g X)+ ] sin(? X)]+ Cz[cos(g X)— ] sin(? X)]}

B

—e 2 {A cos(g X)+ B, sin(*- )}

Ex. y®+6y©® —32y® =0

12



Let y=e™ - (A2 +4)212(1>=2)=0 > 1=0,0, /2, 2j, 2j -2j, -2]j
y=C +C,X+C,e" +c,e ™ +exe™ el +cxe P 4o

y=c, +c2x+c3eﬁX +c4e‘JEX +X[d, cos 2X +d sin 2X]+[d, cos 2X + d, sin 2X]

§. Nonhomogeneous solution

a,y"+ay" +..+ay=f(x)

Y=Yy +Y,

Ex. y"+4y' +3y=>5"

Method 1. y, =ce™+ce™, y, =ce”™ —> (4+8+3)c, =5

- ax 1
y=ce*+ce”* +§e2X

Method 2. (D-2)e* =0 — (D-2)(y"+4y' +3y)=5(D-2)e** =0

_ _ _ |
y=ce +ce ¥ +ce™ >y +4y'+3y=5" > y=ce*+c,e +§e2X

Ex. y"+4y'+3y=x

D’x=0— D*(y"+4y'+3y)=0, y=ce*+ce " +c,+C,X > 4c, +3(C, +C,X) = X

1 4 _X gy 1 4
C, :g, C, :—5, y=¢Ce " +C,e +§X—§
Ex. y"+3y'+2y=10e" +4x’

-2X

Ex. y"+5y' +6y=3e"+2e

_ 1 _
oy, =—eM42xe™, c;=2

-2X
Y, =Ce " +C,E
h 1 2 10

Ex. y"+y=3sinx

Y, =C, sin X+C, cos X — Y =U,(X)sin X+U,(X)cos X

13



Let u/(x)sinx+uj(X)cosx =0 — y =u,(X)cos X—U,(X)sin X

y" =u/(X)cos X —U;(X)sin X—U,(X)sin X — U, (X) cos X

U; cos X —U, sin X — U, sin X —U, cos X + U, sin X + U, cos = 3sin X

Ujcos X —U;sin X =3sin X, U/(X)sinX+U;(X)cosXx =0

1—cos2Xx

. 3. o
U =3sinXcos X = =sin2x, U, =-3sinXsinXx=-3 5

u, =—§cos2x+c1 , U, :—i(x—lsin2x)+c2
2 2

3 3. .
Yy =——Xcos X+—sin X+ C, sin X+ C, cos X

2 4
Ex. (D*+8D’+16)y =—sinX
Let y, =™ > 2" +817+16=0=(1"+4)*, 1=42j,+2]
Y, =C, CO0S2X+C, sin 2X+C;X cos 2X +C,Xsin 2X

. I .
nX=-——sinX
9

=————si
Yo 1-8+16

Ex. y"-7y'+6y=f(x)

Hint: y=e*u(x)+e"v(x)

Ex. y"-2y"—y'+2y=cosh3x

y,=e", =2 -1+2=0=(A-1)(A-2)(A+1), Yy, =ce*+ce” +ce”,

3x -3X
e +e }
cosh3x="—"—, y, =ae’ +a,e™
2

§. Euler-Cauchy differential Eq.

a X"y +ax"y" "+ +ay=0,

14



dy dydz_ 1dy dy dydz dy

Byuse x=e’ or z=Inx »>— ——= 5> X—>= =—=D,y,
dx dz dx X dz dx dz dx dz
d’y 1 dy 1dy 1d’ydz 1 d°y dy ,d%y
= S A A it A2 & SN =D,(D, -1)y,
dx? dz(x dz) x> dz xdz? dx x° (dzz dz) - dx? (B =Dy

22’ D, (D, 1)(Dz—2)y,...x”32/=DZ(DZ—1)(DZ—2)..(DZ—n+1)y
X

Ex. x*y"+xy'+9y=0
z=Inx, [D,(D,-1)+D,+9]y=0, [D;+9]y=0, y=c, cos3z+C,sin3z,

y = ¢, cos(31In X) +c, sin(31n X)

m

Ex. X’y"+4x*y"-5xy' 15y =x*

z=Inx, [D,(D,-1)(D,-2)y+4D,(D, —1)y—5DZy—15]y=e4Z
[DZ3 +DZ2 -7D, -15]y =

y, =€, P +A-74-15=0=(1-3)(A* +44+5), 1=3, 1=-2F]

Y, =ce¥ +e7*(c,cosz+Cysinz), y, =—e¥

27

. 1
y= Clesz Lo (c,cosz+cC,sinz) +2_794z
y= Clx3 + x*2[c2 cos(In X) + ¢, sin(In X)] +2L7 x*

Ex. a,(Ax+B)"y™ +a (Ax+B)"'y"" + . +a,y= f(Ax+B)

d A d
z=In(Ax+B), dz(/ Ax+BdZ

2 n

(AX+B)? lele = A’D,(D, 1)y, ..., (Ax+B)" de = A'D,(D, —1)..(D, —1+n)y

(Ax+B) dy ~ AD,y

Ex. (x=2)’y"+2(x-2)y'=6y=0
z=In(x-2), [D,(D,-1)+2D,-6]y=0 —[D;+D,-6]y=0

y=ce r+c,e” =¢(X—2)" +C,(Xx—2)
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HW.
La)y H_2XY py Oy _2x-y+d ) dy 2x-y+d
dx x-2y dx x-2y+5 dx 4x-2y+6

d) (x—y)dx+xdy=0
2. ydx+(3xy-4y’)dy=0 Hint: consider x as the dependent variable.
3. y"+y'/(x-1)=x-1 Hint: consider y’ as the dependent variable.
4. 3xydx+(2y’-x*)dy=0 Hint: consider x as dependenton vy.
5. 3x*dx+2xydy + y*dx =0
6. Let u=x be one solution of y' =x’(y—x)"+y/x
7. X*y"=3xy'+3y=0
8. Xy =3’y +X(6-X)y —(6-X)y=0
9.a) y"+y=sinx,b) y'+2y'+y=e"/x,c) y'+4y +4y=e7*/x’
10.a) y"-3y'+2y=—e*/(1+€"),b) y"+2y'+2y=2e "tan’ X
11.a) y"+3y"—4y=sinhx—sin’x, b) y”"+2ay’ +(@*—b*)y= f(x)
12. x*y"—6y=1+Inx

2.,

13. X'y +6x°y"+15X°y"+9xy' =9y =3Inx+1/ X’
14.a)Is y=x* one solution of x*y"+x’y'—2(1+x*)y=07?
b) If y=x* is one solution, then what is the complete solution?

15. 9y"+16y=32-60e" +40cos2x

16.a) Is y=x one homogeneous solution,
b) Find the complete solution.
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17. y"+5y' +6y=3e> +e”

18. X’y"+2x°y"+xy'—y =15cos(2In X)
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