
Explicit and implicit

Runge�Kutta methods�

an overview

S�M�A� Bruin

����������



Introduction

Quadrature Problem�

y� � f	x


y	x�
 � y�

Midpoint rule

y� � y�� hf

�
x��

h

�

�

�



Introduction

Initial Value Problem�

y� � f	x� y


y	x�
 � y�

Midpoint rule

y� � y�� hf

�
x��

h

�
� y

�
x��

h

�

��

How do we compute y
�
x��

h
�

�
�

Use Euler for� y
�
x��

h
�

�
�

This results in�

k� � f	x�� y�


k� � f

�
x��

h

�
� y��

h

�
k�

�

y� � y�� hk�

�



General de�nition

Let b�� � � � � bs
 aij	i� j � �� � � � s
 be real num�

bers� Let ci �
P

j aij� The method

ki � f

�
�x�� cih� y�� h

sX
j��

aijkj

�
A

y� � y�� h
sX

i��

biki

is called an s�stage RK method�
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Order conditions

� stage Explicit Runge�Kutta method
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Order conditions

Error�
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Order conditions for order � approximation�
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Order conditions
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