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Definition: D. E. is an eq. that involves one or more derivative, or differential.

Solution of D.E:

Solution of differential equation is a function f (x) that satisfies the D.E.

Example: Show that each function is a solution of the accompanying
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Then from D.E
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y "  = , 2'  , : , ,
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y'  = *Cl  sec2(Crx *  C)= secz(Crr + Cz)

L 1

!" = ZCtt"i&rt + Cz) 'sec(C1x + Cr) tan(C1r + Cr)

" .. !" = Icrsecz(c.x + Cr) .tan(C1x * cz)

-  / I
!y't = zclsecz(crx * ,r) (t tanz(crx* ar))

C1y ltan(i1.ff, Cz)
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!y" = 2 secz(C1x * C2)tan2(C1x * C2)

= Z(sec2(C rx + C))2 - 2 secz(C p * C2)

= 2 secz (c p * c2) (sec2 (c.x + cz) - i.)

= 2secz(Crr * Cr)tanz(Crx + Cr)

2y '  +  3y  =  e- * ,  !  =  e -x  a  6s-G/z)x
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The general linear ordinary differential equation of the second order can be written in the standard
form

a(x)y" * b(x)y' + c(x)y = f (x)

where y" =f:: and y, :#
variable

. . . ( 1 )

y = dependent variable, and x = irgffudent

The a(x), b(x) and c(x) are coefficient. Equation (1) is said to be nonho-og.n"€for. iipqr; i,
identically zero, we have the so-called homogeneous equation.

. i  '  t ' t * , *

a(x)y" * b(x)y' * c(x)y = g (homogeneous,)
- l

a y " + b y ' + c ! = 0

When a(x), b(x) and c(x) are constants the general linear seoead order differential equation can be
written in the standard form 

' 'i1i1.,,.,:',,,,,.
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Let the solution of equation (2) be in the form ..' 
',i:i;i" '

! = emx where m is a constant to be determined.

Substituting y' = me^* and !', - m2e^t in to equation (2)
i l .

e ^ * ( a m 2 * b m * c ) : g 1 L t

Since e^*+0 then
equation)

a m z + b m * c = 0 + (characteristic or auxiliarv

The roots of chaq,a,cteristic equation can be obtained by

-b+'[bZ=4aA
, . ' 'T .2  -

2 a
' ,  '

Now, if , b2 - 4ac = 0then rrll = m2 Real and equal Complete solution of the
equation (b)1s

Y ( x ) = c 1 € m r x * c 2 x e m t

i f

y ( x ) = c l e m t x * c , e m z x

bz - 4ac ) 0then r\ * m2Realand unequal Complete solution of the equation (2) is
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and if

bz - 4ac ( 0then mLand, nL2 d.re complex conjugate rft1 = ir + tq
Complete solution of the equation (2) is

(x) = epx(Acos qx * Bsinqx

Example Find complete solution ofthe equation

Solution

let y - emx then from given equation

then the characteristic equation becomes to
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y " + 7 y ' , * L Z y - - g

Since m1 + mrRealand unequal, a complete solution ,rr_,-f'' 
*

y(x) - cre-3* I c2e-ax ',lT . ,

Example Find complete solution of the equatiog*'= ,h*$,, * 2y, * 5y = g

Solution . 
't'' 

-.*'t "- 
u

?ffiS#ffiry*
let y - emx thenfrom given eer#&gi "a,.h,o**' e*(mz * 2m* 5) = g'YS 

- *.*

the characteristic equation in this'cage iS m2 + Zm * 5 = 0

a = L

And its roots are

a , = I

And its roots are

b  = 7

f f i r= -3

c=LZ  t f t i

f f i z = - 4

c = 5

7 f L 2 = - L - Z i

ti 
t*u,,, 

'

' W i = - t * 2 i

Since mlana ffi"cqglplex conjugate it clear that

rh"# "d.;l;pfg," lh*,ton of equation is
/.*'" 

- 
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".'irCrl 

- ,-tx(Acos zx * Bstnzx)
""'j-*,,its

Operator*rNotation

p = - L Q = 2

By definition y '  =# -  Dy  . !

Then by repetition of the process of differentiation

emx1rr12 * Tm- 1.

mz + Tm t LZ *fiu', 
r.{"%qt S-'

v" = {::= *(#) = D(Dy) - Dzy
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Similarly y,,, = # = *(#) = D(Dzy) - D3y

The operatot D canbe handled in many respects as though it were a simple algebraic quantity.

Particular Solution
... i :

In particular solutions, the two arbitrary constants in the complete solution must usuallV be /ft,g
determined to fit given initial (or boundary) conditions on y and y, . ,. , . 
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Example Findthesolut ionoftheequat ion y" -4y,*4y -  0forwhich l7z,#j i iy . ,=+whenx-o  
+  
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Solution ,r. 
'riiililitir

il:i
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Using operator notation, the given Dry - 4Dy * 4y 
"= 

0+ li, - 4D + 4)y _ 0

Replace D by mthe characteristic equation of given equatiq,,n b;lo**, ,o m2 - 4m * 4 = |and its
roots are rnt = Tn2 = 2; hence the complete solution is t:i

y(x) = he2ll t*fflfrg,

Now to find the particular solution, differentiat e y(q with respect to x

y'(x) = 2cte2* + c2e2x +,-,Zc2wzx = (Zcr * c2lezx * Zcrxezx =
''.' '

The substituting the given conditionJ"'lnto tlie'equations for y and y', respectively, we have

3 = c ,  a n d 4  =  2 c 1 *  4 c 2

Hence,  c t=3 ,add c2. ,=, , -?
.,!

Then the require$:solution is' y(x) = 3e2, - Zxezx

H.WS :' ' :

l- Fiqd u .o.piit" solution of each of the following equations:
' l:::. 

.,,i'

a- i'"W"'Sy, - 0
b- (9D' - LZD + 4)y = 0

c2xezx/3

c- y" +'J.\y' * Z6y - g

Answer y(x) = c1* c2e-sx
Answer y.(x) - cre2*/3 +

' '  
Answer y(x) = e-sx(Acos x +

Bstnx)

2- Find a particular solution of each of the following equations which satisfies the given conditions:


