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HIGHER ORDER DIFFERENTIAL EQUATION
(i) Definition
The general form of linear equation is

dny dn—].y dn—Zy _
+P +P t..+Py=Q,
dxn 1 dxn—l 2 dxn—2 n

where Q and Pq, Pp, P3, ........ , P, are all constants or functions of X/

If Pl, P2, P3, ........... , Prl are all constants (Q may not be co , th e eqgiration is

said to be a linear differential equation with constant coeffici

Note. The general solution of (i) isy = C.F. + P.l. w mentary

function and P.1. is particular Integral.

Let us consider the equation —2Z dy +Pp—2 d” y +P,

dx" 1d n-1 2 * Pny =0, ---(iD)

P D" le 4P ly=0

ting eMX for y in (i) we have

X =0, which is true if

...(iii)

the auxiliary equation. If the roots of (iii) are m4, m,, ..., my and

S are all different and linearly independent.

ence the general solution of (i) isy = C; €™ +C, €™+ . +C_ e™

Note. Symbol D. The symbols D and D™ are generally used for the operators d_ and
X
dn

—— respectively.
dx"
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2 d
+ 3—y— 5y = 0 can be written in symbolic form as (4D2 +3D -

dx? dx

Thus the equation 4
5)y=0.
Solved Examples

Ex.l1 Solve (D3 +6D2 + 11D + 6)y = 0.

| o dy
Sol.  Here D stands for—d and so the given equation is _d 7t 66—
X X

Its auxiliary equation is m3 +6m2 + 11m+6 =0

or (M+1)(M+2)(m+3)=0 or
O The required solutionis y = Cle_X +Coe™
constants.
(i).  Auxiliary equation having equal ro
If the auxiliary equation has equal r S 1 = My, then general solution
y=(Cq+Cyx) €™+ Cae™t ...+ Cje™

Ex.2

Sol.

equired solutionis y = (c{ X + 02)eX + c3e_x, where ¢4, C,, cg are arbitrary

constants.
(iii).  Awuxiliary equation having imaginary roots

Let a +if and a — i be a pair of imaginary roots, then the solution
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corresponding to these roots will be Cle(o‘ +iB)x . Cze(“ —iB)x = e""X[CleiBX + Cze_iBX] =

e®X[C4'cospx + C'psinpx], ..(i)

where C’q and C’,, are arbitrary constants = AeXXcos(Bx + B). Similarly AeXsin(Bx + B)

2

(d y\ _ dy
Ex.3 Solve L ZJ +4y =0, giventhaty=2and | — | =0when x =0.
dx dx
Sol.  The auxiliary equation is m2+4=0or m=*2i
(i)

0 The solution of the given equation is y = ¢, cos2x % in2x,

where ¢, ¢, are arbitrary constants

d
Also from (i) we getd—y = —2¢4 sin2x + 2c, cos (i)
X

dy X = From (i) and (ii) we get

Now giventhaty =2, — =
dx

2c2 cosOor 2= C1 and 0 = 2c2

logical mani tion. There are two kinds of complements for any base-r system.
(a 's complement
(b) The (r-1)'s complement

When the value of the base is substituted, the two receive the name 2's and 1's complement

for binary system and 10’s & 9's complement for decimal system.
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R’s COMPLEMENT

Given a positive number N, in base r, with an integer part of n digits, the r's complement of

N is defined as " = N for N #0 and 0 for N =0

The following example will explain it more.

The 10’s complement of (52520)4  is 10° — 52520 = 47480 %
The number of digits in the numberisn=5
The 10's complement of (0.3267), is 1 — 0.3267 = 0.6733
No integer part, so 10" =100 =1

The 10’s complement of (25.639)4 is 102 — 25.639 = 74.361

The 2's complement of (101100), is (26)10 -1 1000000 — 101100), = 010100

positive number N in base r with an integer part of n digits and a fraction part of m

digits, the (r — 1)’'s complement of N is defined as r"" — ™™ — N. Some numerical examples

are as follow:

The 9's complement of (52520)4 is (105 —1-52520) = 99999 — 52520 = 47479
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No fraction part, so 100M =100 =1
The 9's complement of (0.3267)4 ¢ is (1 — 1074 - 0.3267) = 0.9999 — 0.3267 = 0.6732
No integer part, so 10" =109 =1

The 9's complement of (25.639) o is (102 — 1075 — 25.639) = 99.999 — 25. 0

The 1's complement of (101100), is (26 —1)-(101100) = (1111

The 1's complement of (0.0110) is (1 — 2_4)10 —(0.0110),& (0

digit. The 2's complement o0fi10110100 is
adding 1 to give 01001100.

ed from the 1's complement 01001011 by

It is worth mentioni ent of the complement restores the number to its

original value. The r's ement of N is r'" = N and the complement of (' = N) is r"" — ("' —

N)=N,and s the I's complement.
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