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1 Ordinary Differential Equations
1.1 Euler Method
1.2 Higher Order Taylor Method
1.3 Runge Kutta Methods
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Differential Equations

Ordinary Differential Equations
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Differential Equations

Ordinary Differential Equations
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Differential Equations

Ordinary Differential Equations
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Differential Equations

Ordinary Differential Equations
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Suppose
D={(t,y):a<t<b, —co<y< oo},

and let f(t,y) be continuous on D. If f satisfies a Lipschitz condition in y
on D, then the initial value problem has'a unique solution y(t) for
a<t<h.
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One Step Method

Ordinary Differential Equations
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Euler Method

Ordinary Differential Equations
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Euler Method
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Euler Method

Ordinary Differential Equations

Theorem

Suppose that f is continuous and satisfies a Lipschitz condition in y with Lipschitz constant L on the set * o)
D= {(t,y):a<t<b, —c0 <y< oo}. -1
-l D01
Assume further that the exact solution y(t) of the initial value problem . \{'_\1
Dol
y'(t) =f(t,y), a<t<b, y(a)=a, 2
.,
is twice continuously differentiable on [a, b], and that there exists a constant M > 0 such that l{_ 6 l<-11—

Iy (t)] <M forallt € [a,b].
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Let {y; lf’:o be the numerical approximations generated by Euler’s method with step size h = = and mesh points
ti = a + ih. Then, foreachi = 0,1, 2, . . . , n, the global error satisfies
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Higher Order Taylor Method

Ordinary Differential Equations
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Higher Order Taylor Method

Ordinary Differential Equations
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Higher Order Taylor Method

Ordinary Differential Equations
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Higher Order Taylor Method

Ordinary Differential Equations

Higher Taylor Method
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Figure 1: Taylor methods of order 2 and 3.
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Higher Order Taylor Method

Ordinary Differential Equations

Theorem
If the Taylor method of order n is used to approximate the solution of

y'(t) = f(t,y(t)), a<t<b, y(a)=aq,

with step size h, and if y € C"*'[a, b], then the local truncation error is
of order O(h").

Abhinav Jha ) T Gandhinagar
MA 203, 9t April 2026 MATHEMATICS




Runge Kutta Methods

Ordinary Differential Equations

Suppose that f(t, y) and all its partial derivatives of the order less than or equal to n + 1 are continuous on
D= {(t,y):a<t<b,c<y<d}andlet (ty,yp) € D. Forevery (t,y) € D there exist a & between t and ty and p
between y and yq with

f(t,y) = Pn(t,y) + Rn(t,v),

where
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Runge Kutta Methods
Ordinary Differential Equations
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Runge Kutta Methods

Ordinary Differential Equations
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Runge Kutta Methods

Ordinary Differential Equations
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Runge Kutta Methods

Ordinary Differential Equations

Midpoint Method Modified Euler Method
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Geometrical view of the Midpoint and Modified Euler methods.

) Abhinav Jha (/) IIT Gandhinagar
/" MA 203, oth April 2026 " MATHEMATICS




Runge Kutta Methods

Ordinary Differential Equations
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Runge Kutta Methods

Ordinary Differential Equations
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Runge Kutta Methods

Ordinary Differential Equations
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