Initial VValue Problem (IVP)
[An ODE with Given Relation(s) between value of x and value of y (and its Derivatives)]

Type Problem Explanation Geometric Graph
Meaning
L, I. (I) gives a One-parameter | ,
y'=T(X¥) | family of solutions | |
1st (1) g(x,y,c)=0 The solution curve i,\/\'
Order | Subjectto defined on an Interval I. of the ODE Passes | (x0.)0) :
VP y(Xo) =Y, | iI- Condition (I1) when used in ETOUgh) the Point I I x
..(I1) [ the Solution of (I) gives the 05 J0)- |
value of constant c.
I. (I) gives a Two-parameter | . :
family of solutions . The f tEOIUCSISE | |
y=f(x, ) g (XY, C,C)=0 curve ot the | |
N0 Passeg through : :
ond | ii. Two Initial Conditions given by | th€ POINt(xo» Yo)- | | (xy 0/ 2N
Order | SUPIECLTO | (1) when used in the Solution of | | |
IVP | y(X) =Y, | (1) gives the value of constants | iIl. ~ Slope  of | | |/ 7/m =y,
y/(%) =y; | €1 and co. Slope m of Tangent Tangent Line to : :
...(I) | Line to the solution curve at|the solution curve | | Lx
(Xo , Yo) is Y1. at  (xo,¥0)isy1 |
Example 1. Example 3. Show that

Solve y’= 2 x subjectto y(1)=-3
Solution: y=x2+c. IC=>-3=1+c¢

Ans: y=x2—4

y=ccosdx+c,sin 4x
IS a two-parameter family of solutions of
y”+16y=0

Theorem: Sufficient Condition for
Existence & Uniqueness of Solution for IVP

Given
Condition
‘Sufficient’

1.RegionR={(x,y):a<x<b; c<x<d}.
2. (xo,y0) is point contained inside R
3.f(x, y) and f; (x, y) are continuous on R.

Conclusion: The IVP y "= f(x, y) Subject to y(x¢) = yo
has a Unique Solution in an interval | containing Xo.

Example 4. Find the Solution of the IVP
y”+16y=0
subjecttoy(n/2)=-2;y’(n/2)=1.

Solution: Consider the solution

y = c1cos4x + c,sin 4x ( Example 3)
Use the given Initial Conditions to find c;
and c,. [Ans: ¢, =-2;c¢c,=Y%]

Example: i. Both functions are the solutions of

the IVP: ' = y\x Subjectto 1(0) =0 (Check!)
11. f(x, y) and £, (x, y) are continuous on
R={(x,y): -0 <x<ow,; 0<x<ow} (Check!)
[Note: (0, 0) ¢ R]

iii. Explain why the IVP: ' = y \x Subject to y (0) =2

has a unique solution on an interval centered at 0.

Exercise: Determine a Region R in xy-plane in
which the ODE (3* — x%) — y’ = »* has a unique

solution through a point (x, , 1) €R..




