
(2)(2)
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>  >  

>  >  

>  >  

(1)(1)

>  >  
w i t h ( p l o t s ) :
wi th (DEtools ) :
p h u g : = R - > [ 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 ] ;

xphug:=R-> [op(phug(R)),
            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 ) ) ] :
xphug(R);

D E p l o t ( p h u g ( 0 . 2 ) ,  [ t h e t a , v ] ,  t = 0 . . 8 ,
      [ [ v ( 0 ) = 2 . 3 , t h e t a ( 0 ) = 0 ] ,  [ v ( 0 ) = 2 . 2 , t h e t a ( 0 ) = 0 ] ] ,
      t h e t a = - P i . . 3 * P i ,  v = 0 . . 3 ,  
      l i neco lor= [b lack ,b lue ] ,  numpoin ts=150 ,  obsrange=fa lse ) ;

D E p l o t ( p h u g ( 0 . 2 ) ,  [ t h e t a , v ] ,  t = 0 . . 8 ,
      [ [ v ( 0 ) = 2 . 3 , t h e t a ( 0 ) = 0 ] ,  [ v ( 0 ) = 2 . 2 , t h e t a ( 0 ) = 0 ] ,
       [ v ( 0 ) = 2 . 2 2 , t h e t a ( 0 ) = 0 ] ,  [ v ( 0 ) = 2 . 2 3 , t h e t a ( 0 ) = 0 ] ] ,
      t h e t a = 0 . . P i / 2 + . 1 ,  v = 0 . . 2 . 2 ,  
      l i n e c o l o r = [ b l a c k , b l u e ,  r e d ,  g r e e n ] ,  n u m p o i n t s = 1 5 0 ,  
obsrange=false);



>  >  

Can see that initial condition which stalls has initial velocity between 2.2 and 2.3, angle 0.
Can keep refining if I want.

Can do better by starting near the behavior I want.
D E p l o t ( p h u g ( 0 . 2 ) ,  [ t h e t a , v ] ,  t = 0 . . 8 ,
      [ [ v ( 0 ) = 0 . 1 , t h e t a ( 0 ) = P i / 2 - . 0 2 ] ,  
       [ v ( 0 ) = 0 . 1 , t h e t a ( 0 ) = P i / 2 - . 0 1 ] ,
       [ v ( 0 ) = 0 . 1 , t h e t a ( 0 ) = P i / 2 ] ,  
       [ v ( 0 ) = 0 . 1 , t h e t a ( 0 ) = P i / 2 + . 0 1 ] ] ,
      t h e t a = P i / 2 - . 1 . . P i / 2 + . 1 ,  v = 0 . . 0 . 2 ,  
      l i n e c o l o r = [ b l a c k , b l u e ,  r e d ,  g r e e n ] ,  n u m p o i n t s = 1 5 0 ,  
obsrange=false);



>  >  

>  >  
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>  >  

>  >  

>  >  

D E p l o t ( p h u g ( 0 . 2 ) ,  [ t h e t a , v ] ,  t = - 1 . . 1 ,
      [ [ v ( 0 ) = 0 . 1 , t h e t a ( 0 ) = P i / 2 - . 0 2 ] ,  
       [ v ( 0 ) = 0 . 1 , t h e t a ( 0 ) = P i / 2 - . 0 1 ] ,
       [ v ( 0 ) = 0 . 1 , t h e t a ( 0 ) = P i / 2 ] ,  
       [ v ( 0 ) = 0 . 1 , t h e t a ( 0 ) = P i / 2 + . 0 1 ] ] ,
      t h e t a = P i / 2 - . 1 . . P i / 2 + . 1 ,  v = 0 . . 0 . 4 ,  
      l i n e c o l o r = [ b l a c k , b l u e ,  r e d ,  g r e e n ] ,  n u m p o i n t s = 1 5 0 ,  
obsrange=false);

Vec torCa lcu lus [Jacob ian ] ( [ (v^2 -cos ( the ta ) ) / v ,  - s in ( the ta ) -R*v^2 ] ,
[ t h e t a , v ] ) ;

eva l (%, { the ta=P i /2 ,v=0 ,R=0 .2 } ) ;
E r r o r ,  n u m e r i c  e x c e p t i o n :  d i v i s i o n  b y  z e r o

VectorCa lcu lus [Jacob ian] ( [ (v^2 -cos( the ta ) ) ,  v * ( -s in ( the ta ) -R*v^2)
] ,  [ t h e t a , v ] ) ;

A:=eva l (%, { theta=Pi /2 ,v=0 ,R=0 .2} ) ;

wi th(L inearAlgebra) :



(7)(7)
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(6)(6)

>  >  

>  >  
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Eigenvectors(A);

v p h u g : = R - > [ d i f f ( t h e t a ( t ) , t )  =  ( v ( t ) ) ^ 2  -  c o s ( t h e t a ( t ) ) ,
            d i f f ( v ( t ) , t )      =  v ( t ) * ( - s i n ( t h e t a ( t ) ) - R * v ( t ) ^ 2 ) ] ;

D E p l o t ( v p h u g ( 0 . 2 ) ,  [ t h e t a , v ] ,  t = 0 . . 8 ,
      [ [ v ( 0 ) = 2 . 3 , t h e t a ( 0 ) = 0 ] ,  [ v ( 0 ) = 2 . 2 , t h e t a ( 0 ) = 0 ] ,
       [ v ( 0 ) = 2 . 2 2 , t h e t a ( 0 ) = 0 ] ,  [ v ( 0 ) = 2 . 2 3 , t h e t a ( 0 ) = 0 ] ] ,
      t h e t a = 0 . . P i / 2 + . 1 ,  v = 0 . . 2 . 2 ,  
      l i n e c o l o r = [ b l a c k , b l u e ,  r e d ,  g r e e n ] ,  n u m p o i n t s = 1 5 0 ,  
obsrange=false);

D E p l o t ( v p h u g ( 0 . 2 ) ,  [ t h e t a , v ] ,  t = - 7 . . 8 ,
      [ [ v ( 0 ) = 2 . 3 , t h e t a ( 0 ) = 0 ] ,  [ v ( 0 ) = 2 . 2 , t h e t a ( 0 ) = 0 ] ,
       [ v ( 0 ) = 2 . 2 2 , t h e t a ( 0 ) = 0 ] ,  [ v ( 0 ) = 2 . 2 3 , t h e t a ( 0 ) = 0 ] ,
       [ v ( 0 ) = 0 . 0 1 , t h e t a ( 0 ) = P i / 2 ] ] ,   #   T h i s  i s  n e a r l y  s t a l l .
      t h e t a = 0 . . P i / 2 + . 1 ,  v = 0 . . 2 . 2 ,  
      l i n e c o l o r = [ o r a n g e , b l u e ,  r e d ,  g r e e n ,  b l a c k ] ,  n u m p o i n t s = 1 5 0 ,  



(6)(6)

>  >  
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obsrange=false);
W a r n i n g ,  p l o t  m a y  b e  i n c o m p l e t e ,  t h e  f o l l o w i n g  e r r o r s ( s )  w e r e  
i s s u e d :
   c a n n o t  e v a l u a t e  t h e  s o l u t i o n  f u r t h e r  l e f t  o f  - . 6 2 5 2 9 8 9 5 ,  
p r o b a b l y  a  s i n g u l a r i t y
W a r n i n g ,  p l o t  m a y  b e  i n c o m p l e t e ,  t h e  f o l l o w i n g  e r r o r s ( s )  w e r e  
i s s u e d :
   c a n n o t  e v a l u a t e  t h e  s o l u t i o n  f u r t h e r  l e f t  o f  - . 7 0 6 2 6 4 5 3 ,  
p r o b a b l y  a  s i n g u l a r i t y
W a r n i n g ,  p l o t  m a y  b e  i n c o m p l e t e ,  t h e  f o l l o w i n g  e r r o r s ( s )  w e r e  
i s s u e d :
   c a n n o t  e v a l u a t e  t h e  s o l u t i o n  f u r t h e r  l e f t  o f  - . 6 8 8 7 1 7 4 9 ,  
p r o b a b l y  a  s i n g u l a r i t y
W a r n i n g ,  p l o t  m a y  b e  i n c o m p l e t e ,  t h e  f o l l o w i n g  e r r o r s ( s )  w e r e  
i s s u e d :
   c a n n o t  e v a l u a t e  t h e  s o l u t i o n  f u r t h e r  l e f t  o f  - . 6 8 0 2 1 5 7 1 ,  
p r o b a b l y  a  s i n g u l a r i t y
W a r n i n g ,  p l o t  m a y  b e  i n c o m p l e t e ,  t h e  f o l l o w i n g  e r r o r s ( s )  w e r e  
i s s u e d :
   c a n n o t  e v a l u a t e  t h e  s o l u t i o n  f u r t h e r  l e f t  o f  - 5 . 8 8 5 5 6 1 3 ,  
p r o b a b l y  a  s i n g u l a r i t y

D E p l o t ( v p h u g ( 0 . 2 ) ,  [ t h e t a , v ] ,  t = - 7 . . 8 ,
      [ [ v ( 0 ) = 2 . 3 , t h e t a ( 0 ) = 0 ] ,  [ v ( 0 ) = 2 . 2 , t h e t a ( 0 ) = 0 ] ,



(6)(6)
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>  >  
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       [ v ( 0 ) = 2 . 2 2 , t h e t a ( 0 ) = 0 ] ,  [ v ( 0 ) = 2 . 2 3 , t h e t a ( 0 ) = 0 ] ,
       [ v ( 0 ) = 0 , t h e t a ( 0 ) = P i / 2 - . 1 ] ] ,   #   T h i s  i s  n e a r l y  s t a l l .
      t h e t a = - P i . . 3 * P i ,  v = 0 . . 2 . 2 ,  
      l i n e c o l o r = [ o r a n g e , b l u e ,  r e d ,  g r e e n ,  b l a c k ] ,  n u m p o i n t s = 1 5 0 ,  
obsrange=false);

W a r n i n g ,  p l o t  m a y  b e  i n c o m p l e t e ,  t h e  f o l l o w i n g  e r r o r s ( s )  w e r e  
i s s u e d :
   c a n n o t  e v a l u a t e  t h e  s o l u t i o n  f u r t h e r  l e f t  o f  - . 6 2 5 2 9 8 9 5 ,  
p r o b a b l y  a  s i n g u l a r i t y
W a r n i n g ,  p l o t  m a y  b e  i n c o m p l e t e ,  t h e  f o l l o w i n g  e r r o r s ( s )  w e r e  
i s s u e d :
   c a n n o t  e v a l u a t e  t h e  s o l u t i o n  f u r t h e r  l e f t  o f  - . 7 0 6 2 6 4 5 3 ,  
p r o b a b l y  a  s i n g u l a r i t y
W a r n i n g ,  p l o t  m a y  b e  i n c o m p l e t e ,  t h e  f o l l o w i n g  e r r o r s ( s )  w e r e  
i s s u e d :
   c a n n o t  e v a l u a t e  t h e  s o l u t i o n  f u r t h e r  l e f t  o f  - . 6 8 8 7 1 7 4 9 ,  
p r o b a b l y  a  s i n g u l a r i t y
W a r n i n g ,  p l o t  m a y  b e  i n c o m p l e t e ,  t h e  f o l l o w i n g  e r r o r s ( s )  w e r e  
i s s u e d :
   c a n n o t  e v a l u a t e  t h e  s o l u t i o n  f u r t h e r  l e f t  o f  - . 6 8 0 2 1 5 7 1 ,  
p r o b a b l y  a  s i n g u l a r i t y

D E p l o t ( x p h u g ( 0 . 2 ) ,  [ t h e t a , v , x , y ] ,  t = 0 . . 2 5 ,
      [ [ v ( 0 ) = 2 . 3 , t h e t a ( 0 ) = 0 ,  x ( 0 ) = 0 ,  y ( 0 ) = 1 ] ] ,   
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      t h e t a = - P i . . 3 * P i ,  v = 0 . . 2 . 2 , x = 0 . . 1 0 ,  y = - 1 . . 3 ,  
      l i n e c o l o r = b l a c k ,  
      numpoints=150 ,  obsrange=fa lse ,
        s c e n e = [ x , y ] ) ;

Does increasing velocity make it go further?
D E p l o t ( x p h u g ( 0 . 2 ) ,  [ t h e t a , v , x , y ] ,  t = 0 . . 2 5 ,
      [ [ v ( 0 ) = 2 . 3 , t h e t a ( 0 ) = 0 ,  x ( 0 ) = 0 ,  y ( 0 ) = 1 ] ,
       [ v ( 0 ) = 2 , t h e t a ( 0 ) = 0 ,  x ( 0 ) = 0 ,  y ( 0 ) = 1 ] ,
       [ v ( 0 ) = 1 . 3 , t h e t a ( 0 ) = 0 ,  x ( 0 ) = 0 ,  y ( 0 ) = 1 ] ] ,   
      t h e t a = - P i . . 3 * P i ,  v = 0 . . 2 . 2 , x = 0 . . 1 0 ,  y = - 1 . . 3 ,  
      l i n e c o l o r = [ b l a c k , r e d ,  g r e e n ] ,  
      numpoints=150 ,  obsrange=fa lse ,
        s c e n e = [ x , y ] ) ;



(6)(6)
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D E p l o t ( x p h u g ( 0 . 2 ) ,  [ t h e t a , v , x , y ] ,  t = 0 . . 2 5 ,
      [ [ v ( 0 ) = 2 . 3 , t h e t a ( 0 ) = 0 ,  x ( 0 ) = 0 ,  y ( 0 ) = 1 ] ,
       [ v ( 0 ) = 2 , t h e t a ( 0 ) = 0 ,  x ( 0 ) = 0 ,  y ( 0 ) = 1 ] ,
       [ v ( 0 ) = 1 0 3 , t h e t a ( 0 ) = 0 ,  x ( 0 ) = 0 ,  y ( 0 ) = 1 ] ,
       [ v ( 0 ) = 0 . 8 , t h e t a ( 0 ) = 0 ,  x ( 0 ) = 0 ,  y ( 0 ) = 1 ] ] ,   
      t h e t a = - P i . . 3 * P i ,  v = 0 . . 2 . 2 , x = - 1 . . 1 0 ,  y = - 1 . . 3 ,  
      l i n e c o l o r = [ b l a c k , r e d ,  g r e e n , v i o l e t ] ,  
      numpoints=300 ,  obsrange=fa lse ,
        s c e n e = [ x , y ] ) ;



(6)(6)
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>  >  

>  >  
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D E p l o t ( x p h u g ( 0 . 2 ) ,  [ t h e t a , v , x , y ] ,  t = 0 . . 2 5 ,
      [ [ v ( 0 ) = 2 . 3 , t h e t a ( 0 ) = 0 ,  x ( 0 ) = 0 ,  y ( 0 ) = 1 ] ,
       [ v ( 0 ) = 2 , t h e t a ( 0 ) = 0 ,  x ( 0 ) = 0 ,  y ( 0 ) = 1 ] ,
       [ v ( 0 ) = 0 . 1 , t h e t a ( 0 ) = - P i / 2 ,  x ( 0 ) = 0 ,  y ( 0 ) = 1 ] ,
       [ v ( 0 ) = 0 . 8 , t h e t a ( 0 ) = 0 ,  x ( 0 ) = 0 ,  y ( 0 ) = 1 ] ] ,   
      t h e t a = - P i . . 3 * P i ,  v = 0 . . 2 . 2 , x = - 1 . . 1 0 ,  y = - 1 . . 3 ,  
      l i n e c o l o r = [ b l a c k , r e d ,  g r e e n , v i o l e t ] ,  
      numpoints=300 ,  obsrange=fa lse ,
        s c e n e = [ x , y ] ) ;
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>  >  

>  >  

>  >  

>  >  

>  >  

How do I stop it when y<= 0???     Want a function defined in one way for y>0, another for y<=0.

y p h u g : = R - >  [ 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 ) ) ] :


