General Solution of Homogeneous Equation of Second Order

Equation with right hand member is zero

Case (i) : If the roots are distinct : Suppose m,, m, are all distinct roots, then the

general solution is
y = C,e™* + C,e™2* where C;, C, are arbitrary constants.

Case (ii) : If the roots are equal : Suppose m; = m, = m (say), then the general
solution is

y = (C;+Cyx)e™ where (C;, C, are arbitrary constants.

Case (iii) : If the roots are complex numbers : Suppose m; = a + if,

m, = a — iff having a pair of complex roots, then the general solution is

y = e*[A cos Bx + B sin fx] where A, B are arbitrary constants.

Exercise

d?y dy _
1. ﬁ +5 a + 4y =0
Solution : Given equation is,
@y cay -
dx2+5dx+4y—0 ........................ (i)
Suppose, y = e™* is the trial solution of the given equation.
~m*e™ 4+ 5me™* + 4e™* =0
> (m?2+5m+4)e™ =0
>m?+5m+4=0 [+ e™ #0]
>(m+4)(m+1)=0

>m=-—4,-1



= The general solutionisy = Cie™* + C e~

d?y dy _
ZE—7E+12}/—O

Solution : Given equation is,

X Answer

Suppose, y = e™ is the trial solution of the given equation.

~m?e™ — 7me™* + 12¢™* =0
> (m?—-7m+12)e™ =0
>m?—7m+12=0 [+ e™ % 0]
>(m—-4)(m-3)=0

>m=4,3

= The general solution is y = C;e*™* + C,e3*

dzy dy
3.——3—
dx? dx

+2y=0
Solution : Given equation is,

d?y dy _ .
E—Sa+2y— .......................... (I)

Answer

Suppose, y = e™* is the trial solution of the given equation.

~m?e™ — 3me™* 4 2e™* =0
=>(m?-3m+2)e™ =0
>m?—-3m+2=0 [+ e™ # 0]

>(Mm-2)(m—-1)=0



>m=2,1
~ The general solutionis y = C;e?* + C,e*  Answer
2y

d dy .
4.E+(a+b)a+aby—0

2

Solution : Given equation is,

Suppose, y = e™ is the trial solution of the given equation.
~m?e™ + (a + b)yme™ + abe™ =0

=>{m?+ (a+b)m+ab}e™ =0

>m?+(a+b)m+ab=0 [+ e™ % 0]
=>(m+a)(m+b)=0

>m=—a,—b

bx

=~ The general solutionisy = Cie”** + C,e~ Answer

o o d%y dy _
5'(')2de 3dx+y—0
Solution : Given equation is,

d? d
&y _ 3%
dx? dx

Suppose, y = e™* is the trial solution of the given equation.
~ 2m?e™* — 3me™* + e™¥ = (
=>(2m?-3m+1)e™ =0

=>2m?—-3m+1=0 [+ e™ % 0]



=>02m-1)(m—-1)=0

X

~ The general solution isy = C;ez + C,e* Answer

. d%y dy .
(ii) dx2+2dx+y— 0
Solution : Given equation is,

2
d—y+23—";+y=0 .......................... (i)

dx?

Suppose, y = e™ is the trial solution of the given equation.
s~ m?e™ + 2me™ 4+ e™¥ = ()

>m?+2m+1)e™ =0

>m?+2m+1=0 [~ e™ # 0]

>(m+1)?%=0

>m=-1.—-1

~ The general solution isy = (C; + C,x)e™ Answer

8.(D? —2mD +m? +n?)y =0

Solution : Given equation is,

(D? —=2mD +m? + n?)y =0

= D%y —2mDy + (m? + n?)y = 0 cccevevrvecre (i)

Suppose, y = e** is the trial solution of the given equation.

~ ke — 2mke™™ + (m? + n?)e** =0



= {k? — 2mk + (m? + n®)}e"* = 0

= k? —2mk + (m?+n?) =0 [+ e % 0]

_ —(-2m)+/(-2m)2-4.1.(m2+n?)

>k =
2.1

2m+vVam2—4m2—4n?

>k =
2

2m+V—4n?

= f = 2Vt
2

2m+2in

>k =

2
>k=m=in

>k=m+inm-—in

- The general solution is y = C;e™MTx 4 (,e(Mm-in)x

Or, The general solution is y = e™*(Acosnx + Bsinnx) Answer

9.() (D?—4D +13)y =0

Solution : Given equation is,

(D?—-4D +13)y =0

= D?y — 4Dy + 13y =0 cceverve e ()

Suppose, y = e** is the trial solution of the given equation.
~kZe*® — 4ke** + 13e** =0

= (k? — 4k + 13)e*™* =0

=>k?—4k+13 =0 [+ e** = 0]

_ =9/ (=9?-4113

21

>k




>k =
2
- k — 44++/-36
2
k= 4+6i
2
>k=2+3i

=>k=2+3i,2—-3i
- The general solution is y = C;e?+30% 4 (,e(2=30x

Or, The general solution is y = e**(Acos3x + Bsin3x) Answer

(i) (D* —n?)y =0

Solution : Given equation is,

(D?> —n*)y =0

>D%2Y —n2Y =0 e, (1)

Suppose, y = e** is the trial solution of the given equation.
o k2ekx — p2ekx —

= (k? —n?)e™* =0

=>k?—n?=0 [+ e % 0]

>k =42n

>k=n-n

nx

~ The general solutionisy = C;e™ + C,e~ Answer



2
1o.(i)§+4§+135=0

Solution : Given equation is,

d?s

4T 4135 = O (i)

Suppose, s = e*t is the trial solution of the given equation.
~ k%e + 4ke*t + 13e*t =0
= (k% + 4k + 13)et =0

=>kZ+4k+13 =0 [+ ekt # 0]

—4++V42-4.1.13
>k =
2.1

N k — —4 4++/16-52

2
o hEVTEG

2
Sk = -4+ 61

2

=>k=-2+3i
= The general solutionis, s = C,e(72*30t 4 (C,e(-2-30¢

Or, The general solution is, s = e **(Acos3t + Bsin3t) Answer

(i) (D +3)*y =0

Solution : Given equation is,
(D+3)*y=0

= D%y + 6Dy +9Y =0 v (i)

Suppose, y = e** is the trial solution of the given equation.



~ k%e** + 6kek* + 9e** =0

= (k? + 6k +9)e*™* =0
Sk24+6k+9=0 [+ ek % 0]
=>k+3)?2=0

=k =-3,-3

= The general solution is y = (C; + C,x)e™3*  Answer

11. Solve in the particular cases :

\d’y | dy — Q. _ _ ay _
(|)w+a—2y—O,whenx—O,y—3and ™ =0

Solution : Given equation is,

d’y . dy _ i
E-|-a—2y—0 ................... (i)

Suppose, y = e™* is the trial solution of the given equation.
SmZe™ 4+ me™ —2e™* =0

>m2+m—2)e™ =0

>m?+m—-2=0 [+ e™ % 0]

>m-1)(m+2)=0

>m=1.-2

. The general solutionisy = C;e* + C,e ™% .............. (ii)

When x = 0,y = 3 then from (ii), we get



d
When x = O,% = 0 then from (iii),we get

From, (iv) & (v), we get ;=2 & (C, =1

v (i) ® y=2e*+e % Answer

. d?y Al . . _n .
(ii) ﬁ+y—0, whenx =0,y =4andx = Y= 0
Solution : Given equation is,

&4_}/:0 ................... (|)

dx?

Suppose, y = e™ is the trial solution of the given equation.
Lmfe™ +e™ =0

= (m?+ 1)e™ =0

>m?+1=0 [+ e™ # 0]

>m=0%1

The general solutionis, y = Acosx + Bsinx .............. (i)
When x = 0,y = 4 then from (ii), we get

4 =Acos0+Bsin0

=>4=A

When x = g,y = 0 then from (ii), we get

0 = Acos— + B sin—
= COSZ Slnz



=0=8B
Putting A = 4 and B = 0 in (ii), we get
y =4cosx + 0.sinx

=y =4cosx Answer.

d%x
dat?

(iii)

d d

3Z 4+2x=0; whent=0,x=0and == 0
dt dt

Solution : Given equation is,

d%x

d .
ﬁ_3d_f+2x=0 ................... (i)

Suppose, x = e™ is the trial solution of the given equation.
~m2e™ — 3me™t + 2™t =0
=>(m?—-3m+2)e™ =0
>m?—-3m+2=0 [+ e™ # 0]
>(m-1)(m-2)=0
>m=1,2
t

~ The general solution is x = C;et + C,e?t .............. (ii)

When t = 0 and x = 0, then from (ii), we get

(ii) = % = L8 4 2C2%0 oo (iv)

Whent = 0 and % = 0, then from (iv), we get

Solving (iii) & (v), we get



Cl == 0, Cz =0
Putting values of C; & C, in (ii), we get

x =0 Answer



