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#  Solve  for  the  exact  answers
#  S y s t e m  x ' = 3 x - 2 y ,  y ' = 5 x - 4 y ,  x ( 0 ) = 3 ,  y ( 0 ) = 6
d e 1 : = d i f f ( x ( t ) , t ) = 3 * x ( t ) - 2 * y ( t ) ; d e 2 : = d i f f ( y ( t ) , t ) = 5 * x ( t ) - 4 * y ( t ) ;
i c : = x ( 0 ) = 3 , y ( 0 ) = 6 ;
d s o l v e ( [ d e 1 , d e 2 , i c ] , [ x ( t ) , y ( t ) ] ) ;

A n s : = t - > e v a l f ( < 2 * e x p ( - 2 * t ) + e x p ( t ) ,  5 * e x p ( - 2 * t ) + e x p ( t ) > ) ;  #  E x a c t  
answers

# Approximate methods are Euler,  Heun, RK4. 
#  N o t a t i o n  f o r  t - v a l u e s :  t 0 = i n i t i a l  p o i n t ,  t 1 = t 0 + h ,  t 2 = t 1 + h ,  . . .
#  N o t a t i o n  f o r  u - v a l u e s :  1u 0 = u ( t 0 ) = i n i t i a l  v a l u e s ,  u 1  a p p r o x  u
( t 1 ) ,  u 2  a p p r o x  u ( t 2 ) ,  . . . .

#  Solve for approximate answers using Euler 's Method
F : = ( t , u ) - > < 3 * u [ 1 ] - 2 * u [ 2 ] , 5 * u [ 1 ] - 4 * u [ 2 ] > ;  

h : = 0 . 1 ;  t 0 : = 0 ;  u 0 : = < 3 , 6 > ;

u1:=u0+h*F( t0 ,u0) ; t1 := t0+h;Ans( t1 ) ;

u2:=u1+h*F( t1 ,u1) ;t 2 : = t 1 + h ; A n s ( t 2 ) ;

http://www.math.utah.edu/~gustafso/s2016/2280/maple/numerical-4.3-systems-example1.pdf
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# Solve for approximate answers using Heun's Method
h : = 0 . 1 ;  t 0 : = 0 ;  u 0 : = < 3 , 6 > ;

w:=u0+h*F( t0 ,u0) ;t 1 : = t 0 + h ;u1 :=u0+h* (F ( t0 ,u0 )+F ( t1 ,w ) ) / 2 ;Ans ( t1 ) ;

w:=u1+h*F( t1 ,u1 ) ; t2 := t1+h;u2:=u1+h* (F ( t1 ,u1 )+F( t2 ,w) ) /2 ;Ans( t2 ) ;

# Solve for approximate answers using the RK4 Method
h : = 0 . 1 ;  t 0 : = 0 ;  u 0 : = < 3 , 6 > ;

k 1 : = h * F ( t 0 , u 0 ) ; t 1 : = t 0 + h ;
k2:=h*F( t0+h /2 ,u0+k1 /2 ) ;
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k3 :=h*F( t0+h /2 ,u0+k2 /2 ) ;
k4 :=h*F( t1 ,u0+k3) ;
u1:=u0+(k1+2*k2+2*k3+k4)/6;Ans(t1);

k 1 : = h * F ( t 1 , u 1 ) ; t 2 : = t 1 + h ;
k2:=h*F( t1+h /2 ,u1+k1 /2 ) ;
k3 :=h*F( t1+h /2 ,u1+k2 /2 ) ;
k4 :=h*F( t1 ,u1+k3) ;
u2:=u1+(k1+2*k2+2*k3+k4)/6;Ans(t2);
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