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R : = 0 . 3 :
x p h u g : =  [  d i f f ( t h e t a ( t ) , t )  =  (  v ( t ) ^ 2  -  c o s ( t h e t a ( t ) ) )  /  v ( t ) ,
        d i f f ( v ( t ) , t )      =  - s i n ( t h e t a ( t ) )  -  R * v ( t ) ^ 2  ,
        d i f f ( x ( t ) , t )      =  v ( t ) * c o s ( t h e t a ( t ) ) ,
        d i f f ( y ( t ) , t )      =  v ( t ) * s i n ( t h e t a ( t ) ) ] :

w i t h ( D E t o o l s ) :  w i t h ( p l o t s ) :
D E p l o t (  x p h u g ,   [ t h e t a ( t ) ,  v ( t ) , x ( t ) ,  y ( t ) ] ,  t = 0 . . 1 0 ,
    t h e t a = - P i / 2 . . P i ,  v = 0 . . 3 ,  x = - 1 . . 4 ,  y = - 1 . . 4 ,  
   [ [ t h e t a ( 0 ) = 0 ,  v ( 0 ) = 2 ,  x ( 0 ) = 0 ,  y ( 0 ) = 1 ] ] ,
   s c e n e = [ t h e t a , v ] ,  l i n e c o l o r = b l a c k ) ;
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D E p l o t (  x p h u g ,   [ t h e t a ( t ) ,  v ( t ) , x ( t ) ,  y ( t ) ] ,  t = 0 . . 1 0 ,
    t h e t a = - P i / 2 . . P i ,  v = 0 . . 3 ,  x = - 1 . . 1 0 ,  y = - 1 . . 4 ,  
   [ [ t h e t a ( 0 ) = 0 ,  v ( 0 ) = 2 ,  x ( 0 ) = 0 ,  y ( 0 ) = 1 ] ] ,
   s c e n e = [ x , y ] ,  l i n e c o l o r = b l a c k ) ;
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c r a s h : = [  D ( t h e t a ) ( t )  =  p i e c e w i s e (  y ( t ) > 0 , v ( t )  -  c o s ( t h e t a ( t ) ) / v
( t ) , 0 ) ,
        D ( v ) ( t )      =  p i e c e w i s e (  y ( t ) > 0 , - s i n ( t h e t a ( t ) )  - R * v ( t ) ^ 2 ,
0 ) ,
        D ( x ) ( t )      =  p i e c e w i s e (  y ( t ) > 0 , v ( t ) * c o s ( t h e t a ( t ) ) , 0 ) ,
        D ( y ) ( t )      =  p i e c e w i s e (  y ( t ) > 0 ,  v ( t ) * s i n ( t h e t a ( t ) ) , 0 ) ] :
D E p l o t (  c r a s h ,   [ t h e t a ( t ) ,  v ( t ) , x ( t ) ,  y ( t ) ] ,  t = 0 . . 1 0 ,
    t h e t a = - P i / 2 . . P i ,  v = 0 . . 3 ,  x = - 1 . . 1 0 ,  y = - 1 . . 4 ,  
   [ [ t h e t a ( 0 ) = 0 ,  v ( 0 ) = 2 ,  x ( 0 ) = 0 ,  y ( 0 ) = 1 ] ] ,
   s c e n e = [ x , y ] ,  l i n e c o l o r = b l a c k ) ;
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Increasing the angle goes less far.
D E p l o t (  c r a s h ,   [ t h e t a ( t ) ,  v ( t ) , x ( t ) ,  y ( t ) ] ,  t = 0 . . 1 0 ,
    t h e t a = - P i / 2 . . P i ,  v = 0 . . 3 ,  x = - 1 . . 1 0 ,  y = - 1 . . 4 ,  
   [ [ t h e t a ( 0 ) = 0 . 2 ,  v ( 0 ) = 2 ,  x ( 0 ) = 0 ,  y ( 0 ) = 1 ] ] ,
   s c e n e = [ x , y ] ,  l i n e c o l o r = b l a c k ) ;
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D E p l o t (  c r a s h ,   [ t h e t a ( t ) ,  v ( t ) , x ( t ) ,  y ( t ) ] ,  t = 0 . . 1 0 ,
    t h e t a = - P i / 2 . . P i ,  v = 0 . . 3 ,  x = - 1 . . 1 0 ,  y = - 1 . . 4 ,  
   [ [ t h e t a ( 0 ) = - 0 . 2 ,  v ( 0 ) = 2 ,  x ( 0 ) = 0 ,  y ( 0 ) = 1 ] ] ,
   s c e n e = [ x , y ] ,  l i n e c o l o r = b l a c k ) ;
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crash;

s o l 2 : = d s o l v e (  { o p ( c r a s h ) ,  t h e t a ( 0 ) = - 0 . 2 ,  v ( 0 ) = 2 ,  x ( 0 ) = 0 ,  y ( 0 ) = 1 } ,
numeric);

s o l 2 ( 1 ) ;
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(3)(3)
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s o l 2 ( 7 ) ;

Initial condition theta=-0.2 goes 6.05... units in x.
s o l 3 : = d s o l v e (  { o p ( c r a s h ) ,  t h e t a ( 0 ) = - 0 . 3 ,  v ( 0 ) = 2 ,  x ( 0 ) = 0 ,  y ( 0 ) = 1 } ,
numeric);

s o l 3 ( 7 ) ;

m y x : =  s u b s ( d s o l v e (  { o p ( c r a s h ) ,  t h e t a ( 0 ) = - 0 . 3 ,  v ( 0 ) = 2 ,  x ( 0 ) = 0 ,  y
( 0 ) = 1 } ,  n u m e r i c ,  o u t p u t = l i s t p r o c e d u r e ) ,  x ( t ) ) ; ;

myx(5);
4.50239678786362

myx(7);
5.97035557175574

d i s t : =  t h e t a 0  - >  d s o l v e (  { o p ( c r a s h ) ,  t h e t a ( 0 ) = t h e t a 0 ,  v ( 0 ) = 2 ,  x
(0 )=0 ,  y (0 )=1} ,  numer ic ,  ou tpu t= l i s tp rocedure ) ;

d i s t ( 0 ) ;

d i s t ( 0 ) [ 4 ] ( 1 0 ) ;

d i s t ( - 0 . 3 ) [ 4 ] ( 1 0 ) ;

f : =  t h e t a - > d i s t ( t h e t a ) [ 4 ] ( 1 0 ) ;

f ( - 0 . 3 ) ;

p l o t ( f ( t h e t a ) ,  t h e t a = - 0 . 5 . . 0 . 5 ) ;
W a r n i n g ,  T h e  u s e  o f  g l o b a l  v a r i a b l e s  i n  n u m e r i c a l  O D E  p r o b l e m s  
i s  d e p r e c a t e d ,  a n d  w i l l  b e  r e m o v e d  i n  a  f u t u r e  r e l e a s e .  U s e  t h e  
' pa rame te rs '  a rgumen t  i ns tead  ( see  ?dso l ve ,numer i c , pa rame te rs )
E r r o r ,  ( i n  d s o l v e / n u m e r i c )  t h e t a ( t )  a n d  t h e t a  c a n n o t  b o t h  a p p e a r
i n  t he  g i ven  ODE

r h s ( d i s t ( - 0 . 3 ) [ 4 ] ( 1 0 ) ) ;
5.97035557175574
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f : = t h e t a - > r h s ( d i s t ( t h e t a ) [ 4 ] ( 1 0 ) ) ;

f ( - 0 . 3 ) ;
5.97035557175574

f ( 0 ) ;
6.02160894819366

f ( 1 ) ;
3.15678789024954

p l o t ( f ( w a l r u s ) , w a l r u s = - 0 . 5  . .  0 . 5 ) ;
W a r n i n g ,  T h e  u s e  o f  g l o b a l  v a r i a b l e s  i n  n u m e r i c a l  O D E  p r o b l e m s  
i s  d e p r e c a t e d ,  a n d  w i l l  b e  r e m o v e d  i n  a  f u t u r e  r e l e a s e .  U s e  t h e  
' pa rame te rs '  a rgumen t  i ns tead  ( see  ?dso l ve ,numer i c , pa rame te rs )
E r r o r ,  ( i n  u n k n o w n )  p a r a m e t e r  ' w a l r u s '  m u s t  b e  a s s i g n e d  a  
n u m e r i c  v a l u e  b e f o r e  o b t a i n i n g  a  s o l u t i o n

p l o t ( f , - 0 . 5  . .  0 . 5 ) ;

0

6

f ( w a l r u s ) ;
W a r n i n g ,  T h e  u s e  o f  g l o b a l  v a r i a b l e s  i n  n u m e r i c a l  O D E  p r o b l e m s  
i s  d e p r e c a t e d ,  a n d  w i l l  b e  r e m o v e d  i n  a  f u t u r e  r e l e a s e .  U s e  t h e  
' pa rame te rs '  a rgumen t  i ns tead  ( see  ?dso l ve ,numer i c ,pa rame te rs )
E r r o r ,  ( i n  u n k n o w n )  p a r a m e t e r  ' w a l r u s '  m u s t  b e  a s s i g n e d  a  
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n u m e r i c  v a l u e  b e f o r e  o b t a i n i n g  a  s o l u t i o n
p l o t ( f , - P i  . .  P i ) ;

4 2 4

1

2

3

4

5

6

p l o t ( f , - P i  . .  P i ,  d i s c o n t = t r u e ) ;
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d s o l v e (  { o p ( c r a s h ) ,  t h e t a ( 0 ) = 0 . 5 7 ,  v ( 0 ) = 2 ,  x ( 0 ) = 0 ,  y ( 0 ) = 1 } ,  
numer ic ) (10) ;

Why the discontinuity????   How would we know what is going on here?

you think about it....  different question:  what initial angle goes 5 units?

f ( 0 . 4 9 8 ) ;
5.00031414847021

f ( 0 . 4 9 7 ) ;
5.00358250716599

f ( 0 . 4 9 9 ) ;
4.99704188554361

s o l v e ( f ( x ) = 5 ,  x ) ;
W a r n i n g ,  T h e  u s e  o f  g l o b a l  v a r i a b l e s  i n  n u m e r i c a l  O D E  p r o b l e m s  
i s  d e p r e c a t e d ,  a n d  w i l l  b e  r e m o v e d  i n  a  f u t u r e  r e l e a s e .  U s e  t h e  



(25)(25)

(26)(26)

>  >  

>  >  

(29)(29)

(3)(3)

>  >  

>  >  

>  >  

>  >  

>  >  
(27)(27)

>  >  

(17)(17)

(28)(28)

>  >  

(30)(30)

' pa rame te rs '  a rgumen t  i ns tead  ( see  ?dso l ve ,numer i c , pa rame te rs )
E r r o r ,  ( i n  d s o l v e / n u m e r i c )  x ( t )  a n d  x  c a n n o t  b o t h  a p p e a r  i n  t h e  
given ODE

f ( 0 . 4 9 8 5 ) ;
4.99867837488214

f ( 0 . 4 9 8 2 5 ) ;
4.99949651042563

f ( 0 . 4 9 8 1 7 5 ) ;
4.99974167290558

f ( 0 . 4 9 8 0 8 5 ) ;
5.00003641872253

b i s e c t i o n : =  p r o c (  f ,  y ,  x h i ,  x l o ,  e p s )
   l o c a l  x m i d ;
   x m i d : = ( x h i + x l o ) / 2 ;

   w h i l e   ( a b s ( f ( x m i d ) - y )  >  e p s )  d o
      i f  ( f ( x m i d ) >  y )  t h e n
           x h i : = x m i d ;
      e l s e
           x l o : = x m i d ;
      f i ;
   e n d  d o ;
   r e t u r n ( x m i d ) ;
end;
   

g:=x->x^2;

b i s e c t i o n ( g ,  2 ,  0 ,  2 ,  0 . 0 0 1 ) ;
E r r o r ,  ( i n  b i s e c t i o n )  i l l e g a l  u s e  o f  a  f o r m a l  p a r a m e t e r

b i s e c t i o n : =  p r o c (  f ,  y ,  x h ,  x l ,  e p s )
   l o c a l  x m i d ,  x h i ,  x l o ,  n ;
   x h i : = x h ;
   x l o : = x l ;
   x m i d : = ( x h i + x l o ) / 2 ;
   n : = 0 ;
   w h i l e  ( n < 1 0 0  a n d  ( a b s ( f ( x m i d ) - y )  >  e p s ) )  d o
      p r i n t ( x l o , x m i d , x h i , f ( x m i d ) ) ;
      i f  ( f ( x m i d ) >  y )  t h e n
           x h i : = x m i d ;
      e l s e
           x l o : = x m i d ;
      f i ;
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      x m i d : = ( x h i + x l o ) / 2 ;
      n : = n + 1 ;
   e n d  d o ;
   r e t u r n ( x m i d ) ;
end:
b i s e c t i o n ( g ,  2 ,  2 ,  0 ,  0 . 0 0 1 ) ;

181
128

e v a l f ( % ) ;
1.414062500

Note that the following is a problem:
b i s e c t i o n ( g ,  2 ,  0 ,  2 ,  0 . 0 0 1 ) ;
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