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Chapter 5

Section 5.1: Linear Differential equations of order n

Definition (5.1.1): The general form of linear differential equation (LDE)
of order n is:

n n—1

d
a0() % + @, ()

T+t A 1(x) +an(x)y fx) v (O

Where ay(x) = 0

mIf all the coefficients ay, a4, ..., a, are constants then eq.(1) is called linear equation
with constant coefficients.

mbut if at least one of the coefficients is a function of x then eq.(1) is called linear
equation with variable coefficients.
mineq.(1); If f(x)=0 then eq.(1) becomes homogeneous equation and has the form

n Tl—ly
dxn J n—-1

+ - +a,_ 1(x) + a,(x)y=0 .. ... (2)
f(X)=0 0¥ duilaia Llad 4lalss dlalas (2) Adalzal)
f(X)£0 Lotic dulaie ye dplialss Aalea o (1) Aalaall 4le
Example: The following equations are LDE with constant coefficients
AL GOl il Apdad lalds Y alae 4 A5Y) Yl

)y"+y +y=x°

2) y''"+y =cosx

3)y' =3y +y=4x3+4

g Ly By b ddlaie 4 Aol o oA

Theorem5.1.1): If the functions y;, y,, ..., », are solutions of the homo. eq. (2) and
1, Co, ..., Cn @re constants, then

Y =C1y1 +Cyy + o+ CuVn e (3)
Is a solution of eq. (2) also.

Definition (5.1.2)] The functions y;,¥,,...,y, are called (linear dependent) on the
set | if we found numbers (c,, ¢,, ... ¢, ) are not all equal to zero where

C1y1+ Yy, + -ty =0 N )
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And they are called (linear independent) on the set I if we found numbers (c4, c5, ... ¢,
) that all equal to zero (i.e.)

c; =c¢c, = =c, =0where:
ciy1 ey, ++ ¢y, =0
linear dependent L sadias
linear independent Laa Aléi

Section 5.2: The Wronskian Determinant (S 9 ) 3330

The Wronskian determinant of differentiable functions y;, y,, ..., ¥, on the interval |
IS:

Yi o Y2 e Yn
AP AP v,
ylll , :)}II2 R ylln
W =W,V V) = N (5)
—_ _. _1
yl(n 1),y2(n 1), o y)gn )

Theorem 5.2.1): If the functions y;,v,,...,y, are solutions of the homogeneous
equation (2) then if:

mW=W(,,y,..7) =0theny,,y,,...,y, arelinearly dependent solutions
And if
mW=W(»W,y,,...7) #0theny,,y,, ..., y, are linearly independent solutions

Ex1: Prove that the functions e”*,2e*,e™ are linearly dependent on the interval (-
00, ).

e* 2e”* e X
Sol: W(e*, 2e*,e™*) =[e* 2e* —e7*
eX 2e* e X
2e* —e™* eX —e™* _x le* 2e*
=e 2e* e7* —2e7 eX e™* te e* 2e”*
=e*2+2)—2e*(1+1)+e7*(0)
=4e* —4e* =0
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Then e*,2e*,e™ are linearly dependent.

Ex2: Prove that sin x , cos x are two linearly independent solutions of the diff. eq.
y'+y=0in —oo<x < oo.

Sol:
Let y, =sinx,y, = cosx then
y'y =cosx ,y’, = —sinx and
y''y = —sinx ,y", = —cosx
So
y'+y=0

1- y'"1 +y, = —cosx + cosx =0
2- y's +y, = —sinx + sinx =0

fllas Aliies ol Aadiye Jslall ol Ja 2S5 (Y1 Flealisl abaall Ja LSS

cosx  sinx

) = cos?x + sin’x =1
—sinx cosx

w(cosx,sinx) =

So the two solutions are linearly independent.

Ex3: Show whether the functions xe*,x%e* ; x # 0 are linearly dependent or
linearly independent.

Sol:
xe* x%e*
xe* +e* x%e* + 2xe*

— x362x + 2x262x _ x382x _ xZer

= xe*(x%e* + 2xe*) — x%2e*(xe* + e*)

= x%e?* # 0
the functions xe*, x2e* are linearly independent

H.W1: Show whether the functions e*cosx, e*sinx are linearly dependent or
linearly independent.

H.W2: prove that y; = e**cosbx,y, = e**sinbx are sol. of diff. eq.

d*y dy
__2 P, 2 2 =
T2 adx+(a + b))y =0

Then show that the solutions are linearly independent
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H.W3: Show whether the functions secx, tanx are linearly dependent or linearly
independent.

Section 5.3: The Differential Operator (D) D laldil) Jigall
Let D denote differentiation with respect to x that is
Dy = — Dzy dzxy and so on , that is, for positive integer k
Ky — ﬂ
D%y = dxk

Jinedl) uaiall Le il e it 13191 Lnd 5a3Y Alalidll J)sall o3 o JaaY
For example, D(cos4x) = —4sin4dx

D(5x3 — 6x%) = 15x2% — 12x

The expression: F(D) = agD™ + a; D" * +---+a,_,D+a, ......... (6)
Is called a differential operator of order n.

It may be defined as that operator which, when applied to any function y, yields the
result:

F(D)y = (apD™*+ a;D** + -+ a, 1D+ a,)y

dTL dnl
_aodn+ 1

\za +0Ln1 +any ...................... (7)

dxn— 1
Where a,, a4, ..., a,_4,a, are (constant or variable) coefficients

Properties of the operator D: D Jigall pal &

1. Commutative Property Ay dualal)

If the operators of the linear differential equation have constant coefficients,
then the operators are commutative. But if some of them are variables then the
operators are not commutative.

Ll cleale Aoy (o sS opall A8Me i Al O lalae <uld Adadld) dlialal) caleall il jigall cuilS 1)
Al e oS8l gl Ao ) oY) 52 O llaal) any il 1)

Ex1: Lety be any function,A =D + 2 and B = 3D — 1,prove that
ABy = BAy
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Sol: By =(3D -1y =32-y

Then A(By) = (D + 2) (3 2 y)

Il
~~
+
N
—
—~
w
g€
|
<
~—

_qd%y  cdy
—3dx2+5dx 2y

= (3D2 4+ 5D — 2)y

Now to find BAy

d
Ay=(D+2)y=£+2y
d
~ B(4y) = (3D — 1) (£+2y)

=(a-)@+)

3d? d d
— y _3’__3’_2

dx? dx dx

=3 22732/ +5 % -2y

= (3D?*+5D —2)y
Hence BAy = ABy  (the operators are commutative).
Ex.2:LetG=xD+2and H=D — 1, Is G-Hy=H-Gy , show this.

Sol.: G(Hy) = (xD +2)(D - 1)y = (xD +2) (= — )

_, &y dy  dy
=X dx? dx t dx 2_’)’
L SN
dx? +( x) dx 2_’)’
So GHy = [xD* + (2 —x)D — 2]y

On other hand

H(Gy) = (D = 1)(xD +2)y = (D — D (x 2= + 2)

d?y | dy dy dy
=%x—4+—=—4+2——x——-2
dx? T dx t dx dx y
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d?y

— 4y Y
=x—+ (3 x)dx 2y
Then HGy = [xD?> + (3 —x)D — 2]y
~ HGy # GHy ( the operators are not commutative).

2) D™f(x)-D"g(x) = D"g(x) - D™ f (x)
3) D™.D™ = D" D™ = p™+n

(i.e) D™[DMf(x)] = DM[D™f(x)] = D™"f (x)
4) Dlcif(x) + Cg(x)] = C;Df(x) + C,Dg(x)

Where f(x), g(x)differential function and C,, C, are constant.
Theorems about the operator D:

Theorem 5.3.1} if b is a number then F(D)e®* = F(b)e?* ...... ®)

Proof:
Deb* = pebXx D2gb* = p2ebx = pDnegbx — pnobx
~ F(D)e?* = (D" + a, D" ' + -+ a,,_,D + a,)e*
=B"+ap"t +--+a,_,b+a,)e’*
= F(b)e?*
Examplel: find (D? + 3D + 2)e3*
Sol.: b=3,
F(D)= D?+3D +2
F(3)=32+433+2=20
(D? + 3D + 2)e3* = F(3)e3* = 20e3*
Theorem 5.3.2: If y is a differentiable function and b is a number then

F(D).{eP*y} = e?*F(D+b)y = ......... (9)

Proof:
D{eP*y} = eP*Dy + beP*y = eP*(D + b)y
Also D%{e?*y} = D{e? (D + b)y} = e?*{(D + b)(D + b)y}
= eP(D + b)?%y
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Continuing in the same way, we get:
D™ {eb*y} = eP*(D + b)"y
« F(D){e"y} = e"*F(D + b)y

Example2: Find (D% — 4D + 1){e**y}
Sol..+vb=2,
F(D)=D?*—-4D +1
= F(D+b)=F(D+2)
=MD+2)Z—-4D+2)+1
=D*+4D+4—-4D—-8+1=D?-3
« (D% — 4D + 1){e**y} = e**(D? - 3)y

Theorem 5.3.3: if it is b number then

a- F(D?*)sinbx = F(-b*)sinbx ... (10)
b- F(D?*)cos bx = F(—b*)cosbx ... (11)
Proof:
v F(D?)sinbx = (D** + a;D*™ Y + ...+ a,_,D? + a,)sinbx .....(12)

We will start with derivatives sequentially:

D(sin bx) = b cos bx

D?(sinbx) = —b%*sinbx . (13)
D*(sinbx) = (D?)?sinbx = (—=b*)?*sinbx ... (14)
Dé(sinbx) = (D?)3sinbx = (—=b?)3sinbx ... (15)
And so on,

substituting equations (13),(14), (15) in (12) , we get:
F(D?*)sinbx = [(=b*)" + a; (—b*>)"* 1 + -+ a,_,(—b?) + a,] sin bx
= F(—b?) sin bx
And by the same away we prove, F(D? )cos bx = F(—b?) cos bx
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Remark:

1) D(sinbx) = b cos bx

2) D3(sinbx) = D%.D sinbx = (—b?).D sinbx = —b3 cos bx

3) D°(sinbx) = D*.D sinbx = (b*).D sin bx = b°® cos bx
Andsoon.

Example3: Find

a- (D* +3D?% — 1) sin2x
b- (D* — 2D?) cos 2x

Sol.: a
b =2, f(D?) =D*+3D?—1
= f(=22) = {(=22)2 + (=2%) -1} = 16 — 12 — 1 = 3
o (D* + 3D? — 1) sin 2x = 3sin 2x

(D* — 2D?) cos 2x = {(—2%)? — 2(—2?)} cos 2x
= {16 + 8} cos 2x = 24 cos 2x

Example4: Prove (D + 1)(D? + 2)sin2x = (D? + 2)(D + 1) sin 2x

Sol: (D + 1)[D?sin 2x + 2 sin 2x]
= (D + 1)[—4sin2x + 2 sin 2x]
= —4Dsin2x + 2D sin 2x — 4 sin 2x + 2 sin 2x
= —8sin 2x + 4cos2x — 4sin2x + 2sin2x
= —4cos2x — 2sin2x
H.W

1-Is(D+1)(D+ 2x)y = (D +2x)(D+ 1)y

2- I1s(D + x)(D + 2x)e* = (D + 2x)(D + x)e*
3- Find (D? + 1)2e?*

4- Find (D* + 2D? + 1) cos 3x

5- Find (D3 + 2D?)(sin 2x + e%%)
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Section 5.4: Solution the linear differential equation by reduce
order to the first order
AN A ) gha ) (auidty Aadl) A LalE) Adalaal) Ja

B s ALY mmy (Land s A yLal) 03] Alall Lapall ellac| U
Example 1: Solve theeq. y"” —2y' —3y = 5e™%*
48] & gladll it 8 g

Sol: (D? — 2D — 3)y = 5e™%* lellais D il AV Aalaadl o€ -]
(D+1)(D—3)y =5e"** (D —3)y = udpaipaii-2
Letu= (D —3)y Aalod) sl 8 dpa jil) (538 n 520 -3

— (D+1u=>5e"*
du _ c,—2x -
™ +u = 5e (linear eq.)

[ =eldx =¢x integral factor
u.eX = [e*.5e *dx +c
[u.e* = -5e™* +cl.e”™
—u=-5e"% +ce™*
— D —-3).y=u > (D —-3)y=-5e"*+ce*
[ =e 3
Ly=[e3*(=5e % + ce ™ )dx + ¢,
— e,y = (e—Sx _ Z_le—4x 4 Cz) 3%
y=e ¥ — %e‘x + c,e3*  The general sol. where ¢, &c, are arbitrary constants.
Example2: Solve y'"+2y"+5y' —6y=0
Sol:
(D3+2D—-5D—-6)y=0
D = —1 s the root of equation

Alabaall 3iny Cum Alabaall sl Cigu (1) i snd 1) 5!
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D=-1=D+1)=0
= D+1)D?*+D-6).y=0

MD+1DMD+3)D—=2).y=0 (*)
Letu=(D+3)(D—2)y (**)
sub. in (*)
= D+1Du=0
du_l_
_ — =
dx u
du
ej?+fdx=j0dx - lhu+x=c
—u=e“"”*
—u=e‘e* , e‘=A4
su=Ae™ (FH%)

Sub.(**) in (***), we get:
(D+3)(D—-2)y=Ae™*
Letu, = (D —2)y

(D +3)u; = Ae™™*

— —+ 3u; = Ae™ linear
I=e

- e3* uy = [e3* Ade ¥dx + ¢,

A
e3* u, = Afezxdx +c; > (e3Fu, = Eezx +¢;)e™3%

> U = Ee"‘ + cie3% ; let 5= C

> U =ce ¥ +ce 3
A Al AUy dad e La g

— — —3x -X d_y_ — —-3x -X
- (D—-2)y=cie ™ +c,e _)dx 2y = e + e
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61 —C2 _
Sy=—e ¥+ —Se ¥4 e
5 3 °

-y =Ke 3 + Be ™ + c;e?* the general sol. where K, B, c5 are arb. const.

Example3: Solve (D —2)3y = 2x

Sol.  (D—=2)(D—=2)(D—2)y=2x
Letu, = (D —2)(D — 2)y
- (D —-2)u, =2x

>—=-2uy=2x ;I= e~ 2* |Integration factor

ey, = [2xe *dx + ¢,

= e Xy, = [—xe‘zx — %e‘zx + cl] * 2%
—u; = —x—§+clezx
(D—2)(D—2)y=—x—2+ce®

Letu, = (D — 2)y

= (D —2)u, = —x—%+cle2x

—2X — _ —2X _1 —-2Xx
= e “*u, = xe “*dx + 2e + | cudx

1 1
= e Py, =—e P+ Ze‘zx + Ze‘zxclx + ¢,

RN R

1 2x 2x
+—+Z+clxe + cye

=

+ot c,xe®* + c,e?*

f+1+c xe®* + c,e?*
SsTota 2

e deani gl il

=D -2)y=

X 3

2
y= _Z_§+(C1%+sz+c3)ezx plall Jadl
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The general rule of (5-4)

We can find a general solution for linear diff. eq. with fixed coefficients

dny dn—ly dy
dx™ +aq A1 + -t an—la + a,y = f(x)

Where we first write the differential equation with the effect of D
(D" + a, D"t + -+ a, 4D+ a,)y = f(x)
il Jalge AV yua¥) ¢ ) CaiSs o
D—m)D—my) .. (D—m,)Y =f(X) e (16)
Letu; =(D—my)(D—mg3) ... (D —Mp)Y o, (17)
ALl Alalaall 8 Uy e i g2
= (D —my)u; = f(x) linear equation

The general solution of the above equation is

U e MX = je‘mlx.f(x)dx +c

u, =e™* f e MX f(x)dx + ce™*
(N-1) 5 (pa ool il e Juma) Kpm dll & (ym gad
(D—my)(D—mg3)..(D—my,).y =e™* j e MX f(x)dx + ce™*
(D —my)u, = e™* [ e™™* f(x)dx e”M¥ Jal<ill Jale
Uy.e ¥ = f g M2X gM1¥ f e ™, f(x)(dx)?

Uy = eM2* [eMi=mx [ o=MuX £ (x)(dx)?

F) i lalaal) 3 Al Adalinl) Alsbaall el Jall () oS G o slaY) 13gy yainsi g

y = emnxfe(mn—l_mn)x_fe(mn—Z_mn—l)xfe(mn—S_mn—Z)x ___fe_mle(x)(dx)n ."(18)

We will re-solve the previous examples using the general rule
Example 4: Solve theeq. y” — 2y’ — 3y = 5e%* (the same ex.1)

Sol.m; = —1,m, = 3,f(x) = 5e~%* and
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y = e™Me¥ [e(Mmx, [T f(x)(dx)?
y=e3*[e ™ [eX(5e *)dx - dx
y=e3[e™ [5e *dx-dx

=e3* [e™*, (—5e™ + ¢;)dx

y
y =e3* [(=5e™>* 4+ c;e™*) dx
y

e3x(e—5x +%e—4x +c,)

y = ™ + e + c,e3* the general sol.
Example5: Solve (D — 2)3y = 2x (the same Ex.3)
Sol..my =m, =mg =2
y = eMs* [eMamma)¥, [ eMmma¥ . [ e=M¥ f(x)(dx)*
y=e*[[[e?(2x)dx- dx- dx
y=e? [ [(—xe ?* — %e‘z" + ¢)dx - dx
y =e?* f(%xe‘zx + ie‘zx + %e‘zx + ¢;x + ¢y)dx
y =e?* f(%xe‘zx + %e‘zx + ¢1x + ¢3)dx

-1 _ 1 _ 1 _ c
y=eX(—xe ¥ —Ze ¥ — e X + 2x2 4 0,x + (3)
4 8 4 2

y =—x =2+ (2x? + cpx + c3)e?* the general solution

Exercises : Solve the following equations
1-(D? - 1)y =x

2-y"' —6y' +8y =e*

3-(D* —4D +3)y=2x+1
4—(D3-8)y=x
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Section 5.5: Solution of homogenous linear diff. eq. with higher order and
constant coefficient ( the characteristic equation)

dn dn—l
_y + al _y
dx™ dxn—1

d
+...+an_1d_'::+any=o .............. (19)

Where a4, a,, ..., a, are constants

Oor(D*+a, D" +--+a, ;D +a,)y=0

We can write this eq. by diff. operator as a form

el AV dalas

FD)y=MD-m)(D—my)..(D—my)y—0 ... (20)

And the following equation is called the (Auxiliary equation)

Fm)=(m-my)(m—-m,)..(m—m,) =0

As for the equation

m*+am*+am* %+ +a,_m+a, =0 ... (21)

Is called (characteristic equation) 3 _jreall &dalxall

Y 5h 3 jpaall Adalaad) da Al 5o 1o ¥ alaall (e g 5l 138 (Jal

There are three cases of the roots of characteristic eq.

The first case 1: Different Real Roots

If the roots of the characteristic eq.(21) are different and real , let m;and m, are two
roots of an equation of order 2 and m; # m, ;

my, m, €ER

O 5 pdliae B jaall Alalaall |0 55

we note that the solution which called( the complementary function y,.) is:
Y. = c1e™* + c,e™2*

In general, for n roots (m,, m,, ..., m,) the complementary function y., is:

Y. = c1e™* + c,e™* 4 ... + ¢, e R 7))

Wherec,, c,, ..., ¢, are an arbitrary constants.
Examplel: Find the general sol(the complementary solution)of the eq.
y'+3y' —4y=0
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Sol.:
(D2 +3D—4)y =0
the Ch. Eq. is  8acluall dlabaall A1Yay (i
= m?+3m—-4=0
(m+4)(m-1)=0= m=-4 , m=1 differentroots
=~ the general sol. is
Y=Y = e + e’ (piall Jaalall Ja
Where c;, ¢, are two arbitrary constants
Example 2 : Solve y""" + 2y" + 5y’ —6y =0

Sol.:
(D3 +2D?*—-5D—-6)y =0

The Ch. Eq. is
m3+2m?—-5m—-6=0
m+1)(m+3)(m—-2)=0

! ! !
m; = —1,m, = —3,my3 = 2 (three different real roots)
The general sol. is :

y =ce™* + ce 3% + c;e?*  where ¢y, ¢, andcs are an arbitrary constants.

The second case 2: Equal Real Roots

If the roots of the characteristic eq.(21) are equal and real suppose that , if m,, m, are
the roots of eq. of order 2and my; =m, ; m,;,m, € R then

the complementary function y, is:
y =y, =ce™* 4+ cyxe™*
Ory =1y, =(c; +cx) e™*

Where c;,c, are an arbitrary constant

In general, for n roots (m,, m,, ..., m,,) the complementary function y, is:

y=y.,=(c; +cx+ -+ cxt Hem*x (23)

Where ¢4, ¢,, ..., ¢, are an arbitrary constants.
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Example3: Find the general solution of the eq.
y' -4y +4y=0
Sol.: (D2 —4D + 4)y =0
The Ch. Eq. is:
m2—4m+4=0 - (m-2)?%=0
= m=22 oS dbdEa ol
The general sol. is:
y = (¢; + cyx)e?*
Where ¢,, c, are an arbitrary constant
Example4: Find the general solution of the eq
(D3 -5D*+7D—-3)y=0
Sol.: The Ch. Eq. is:
m3—5m?+7m—-3=0
m—1)(m-3)(m—-3)=0
(m—-—1)2?(m-3)=0
! !
m=m, =1 mz; =3
e i s ) Se gl ol j3a
The general solution is:
y = (c1 + cyx)e* + cze3*
Where c;, c,, c3 are an arbitrary constants.

The third case : Complex roots

If the roots of the characteristic eq. is complex numbers, suppose m, and m, are
complex numbers then

Ifwasm; =a+ib , my=a-—ib
The solution of the diff. eq. of the first case is

y =ce™* 4+ c,e™2*
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>y = Cle(a+lb)x + Cze(a—Lb)x — Cleax_elbx + Czeax.e—lbx

— eax(cleibx + Cze—ibx)

e’ = cosbx + isinbx  (Euler’s low)

e™P* = cos bx + i sin bx

=y = e[c;(cosbx + isinbx) + c,(cos bx + i sin bx)]
= e|[c, cos bx + cyisinbx + ¢, cos bx — c,i sin bx]
= e™™[(c, + ¢3) cosbx + i(c; — ¢3) sin bx]
= e™[A cos bx + B sin bx]

Where A= C1 + (8 ) B = i(C1 - Cz), then

y=Yy.= e Acosbx + Bsin bx] SRR (.2 )

Example5 : Find the general sol of the eq.
y'+2y'+5y=0
Sol.:
(D2 + 2D +5)y =0  sacluall Aalaal) Y2y i

m?+2m+5=0

~ the general sol. y = e *[c; cos2x + ¢, sin 2x]

Example 6: Find the general sol of the eq.
y'+9y=0
Sol.: (D2 +9)y =0

m2+9=0 = m?=-9 = m = +3i
The general sol.
y = ¢1 €0s3x + ¢, sin 3x

mmmm) | the roots of the char. Eq. are complex numbers and equal, then the sol. is:
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y = e™[(cq + c2x + c3x% + -+ € x¥ 1) cos bx + (Cpyq + CpyaX + Cpyax? +
ot e x¥ D sinbx  ; n=2K

For example:
I[fn=6—-m; =m, =my=a+iband my=mg=mg=a—ib
Then the complementary solution is:
y = e%[(c; + cyx + c3x%) cos bx + (¢4 + csx + cgx?) sin bx
Example7: Find the general sol of theeq. (D — 2)3(D +3)?(D—-4)y =0.
Sol.: (m-22m+3)2?(m-4)=0
= m=222,-3,-3/4
The general sol. is
y = (¢ + cx + c3x2)e®* + (¢4 + csx)e 3 + cge™®
Example 8 : Solve the equation (D* + 8D? + 16)y = 0
Sol.. m*+8m2?2+16=0 3 naall dalaall A1y S
(m?>+4)2=0 = m=4+2i, + 2i
(i.e.) my =m, =2i,mg=m, =—2i (complex roots)
y = (c; + c,x)cos2x + (c3 + c,x)sin2x
Where c;, ¢, , c3&c, are arbitrary constant.
Example 9: Solve the equation (D3 —3D%? +9D + 13)y =0
Sol.. m3—3m?24+9m+13=0 eiily

m? —4m+ 13
m=-1, m+1| m3—-3m?+9m
+ 13
(=13 -3(-1)?+9(-1)+13=0 +m3 + m?
—1-3-94+13=0 —4m? + 9m
sl Jas +4m? + 4m
13m + 13
(m+1)(mM?—-4m+13)=0 +13m + 13
0+0
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—b + Vb2 — 4ac

m:
2a
_ +4++V16 —4.1.13
B 2.1
4 ++/-36
=—=2+3i
2

m1=_1 , m2=2+3l ) m3=2_3l

Then the general sol. is
y = cr e + c,e?*cos3x + c;e**sin3x

Where c;, c, &c5 are arbitrary constant.

, d’y  ,d%y  dy _
Example 10: Solve —=—4-—+—+6y =0

Sol.: The char. Eq. is
m3—4m?+m+6=0
m=—1 = (-1)32-4(-1)?+(1D+6=0
> (m+1)(mM?*-5m+6)=0

(m+1)(m-3)(m—-2)=0 m? —5m+6
=m,=—-1m,=3m;=2 abiscidds ;n M+1] m3 —4m? +m
i +6
The general sol. is: +m3 + m?
y =cre ™ + ce3* + cge?* —5m? +m
Wh & bit tant 5m” + 5m
ere cy, are arbitrary constant.
‘2 % 4 6m + 6
tom+ 6
0+0

ASMAA ABD - MAY MOHAMMED - SAMAHER MAREZ Page 20



