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w i t h ( p l o t s ) :
wi th (DEtools ) :
x 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 ) ) ] ;

Plot4 := proc(vmin, vmax, numv,  { y r a n g e : = 0 . . 4 ,  R : = 0 ,  x r a n g e : = - 1 .
. 4 })
 l o c a l  i n i t s , v i , i , c o l s ;
 i n i t s : =  [ s e q (  [ t h e t a ( 0 ) = 0 ,  v ( 0 ) = v i ,  x ( 0 ) = 0 ,  y ( 0 ) = v i ] ,
   v i=vmin. .vmax,  (vmax-vmin) /numv ) ] ;
 cols:=  [seq(COLOR(HUE, i ) , i=0 . .1 ,1 /numv)] ;
 d i s p l a y (  
 A r r a y ( [ D E p l o t ( x p h u g ( R ) ,  [ t h e t a , v , x , y ] ,  t = 0 . . 8 ,
      i n i t s ,
      t h e t a = - P i . . 3 * P i ,  v = 0 . . 3 ,  x =xrange,  y =yrange,
      l ineco lor=co ls ,  numpoin ts=150 ,  obsrange=fa lse ,
      s c e n e = [ t h e t a , v ] ) ,
  D E p l o t ( x p h u g ( R ) ,  [ t h e t a , v , x , y ] ,  t = 0 . . 8 ,
      i n i t s ,
      t h e t a = - P i . . 3 * P i ,  v = 0 . . 3 ,  x =xrange,  y =yrange,
      l i n e c o l o r = c o l s ,  s t e p s i z e = 0 . 1 ,  o b s r a n g e = f a l s e ,
      s c e n e = [ x , y ] ) ] ) )
 e n d :
P lo t4 (1 ,3 ,10 ,R=0 .2 ,y range=0 . .5 ,x range=0 . .5 ) ;

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

c o n v e r t ( s o l v e ( { p h u g [ 1 ] = 0 ,  p h u g [ 2 ] = 0 } ,  { v , t h e t a } ) ,  r a d i c a l ) ;

F i x : = R - >  [ a r c t a n ( s q r t ( R ^ 2 / ( 1 + R ^ 2 ) ) ) ,  1 / ( R ^ 2 + 1 ) ^ ( 1 / 4 )  ] ;
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F i x ( 0 ) ; F i x ( 1 . 2 ) ;

xphug(R);

From multivariable calculus, when I have 

F (x,y) = < f(x,y), g(x,y) >

F( a+eps, b+delta) =   F(a,b) +  Matrix*<eps,delta> + O(eps^2, delta^2)
(The Matrix is the derivative matrix, or the Jacobian evaluated at (a,b)

If F(a,b) = (0,0), then this says that F(a+eps,b+delta) is approximately a matrix*(eps,delta).

So here, we need to look at the Jacobian.

phugfunc:=unapply(phug,(theta,v)) ;

J :=VectorCalculus[Jacobian] (phugfunc( theta ,v ) , [ theta ,v ] ) ;

can examine this matrix near fixed points.
F i x ( 0 ) ;

eva l (J , { the ta=0 ,v=1 ,R=0} ) ;

F i x ( 2 ) ; e v a l f ( % ) ;

eva l (J , { the ta=0 .7297 ,v=0 .668 ,R=2} ) ;
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Claim it is worth understanding     

for matrix A.

A : = <  <  2 , 0 >  |  < 0 , - 3 >  > ;

What is solution of DE   (dx/dt, dy/dt) = A(x,y)?

Simpler:  solve dx/dt = 2x
d s o l v e ( D ( x ) ( t )  =  2 * x ( t ) ) ;

<  D ( x ) ( t ) ,  D ( y ) ( t ) >  =  A  .  < x ( t ) ,  y ( t ) > ;

D E p l o t (  [  D ( x ) ( t )  =  2 * x ( t ) ,  D ( y ) ( t )  =  - 3 * y ( t ) ] ,  
  [ x ( t ) , y ( t ) ] ,  t = - 2 . . 2 ,  
   [ s e q (  [ x ( 0 ) = i ,  y ( 0 ) = 1 ] , i = - 2 . . 2 ,  . 2 ) ] ,
   x = - 2 . . 2 ,  y = - 2 . . 2 ,  l i n e c o l o r = b l a c k ,  o b s r a n g e = f a l s e ) ;
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D E p l o t (  [  D ( x ) ( t )  =  2 * x ( t ) ,  D ( y ) ( t )  =  3 * y ( t ) ] ,  
  [ x ( t ) , y ( t ) ] ,  t = - 2 . . 2 ,  
   [ s e q (  [ x ( 0 ) = i ,  y ( 0 ) = 1 ] , i = - 2 . . 2 ,  . 2 ) ] ,
   x = - 2 . . 2 ,  y = - 2 . . 2 ,  l i n e c o l o r = b l a c k ,  o b s r a n g e = f a l s e ) ;
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MatToSys:=proc(A)
  l o c a l  s t u f f ;
  s t u f f : = A . < x ( t ) , y ( t ) > ;
  r e t u r n (  [  D ( x ) ( t )  =  s t u f f [ 1 ] ,  D ( y ) ( t )  =  s t u f f [ 2 ] ] ) ;
end:
MatToSys( <<1,2>|<3,4>>);

DEplot(  MatToSys(<<2,0>|<0, -3>>) ,  
  [ x ( t ) , y ( t ) ] ,  t = - 2 . . 2 ,  
   [ s e q (  [ x ( 0 ) = i ,  y ( 0 ) = 1 ] , i = - 2 . . 2 ,  . 2 ) ] ,
   x = - 2 . . 2 ,  y = - 2 . . 2 ,  l i n e c o l o r = b l a c k ,  o b s r a n g e = f a l s e ) ;
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DEplot(  MatToSys(<<2,1>|<0, -3>>) ,  
  [ x ( t ) , y ( t ) ] ,  t = - 2 . . 2 ,  
   [ s e q (  [ x ( 0 ) = i ,  y ( 0 ) = 1 ] , i = - 2 . . 2 ,  . 2 ) ,  
    s e q (  [ x ( 0 ) = i ,  y ( 0 ) = - 1 ] , i = - 2 . . 2 ,  . 2 ) ] ,
   x = - 2 . . 2 ,  y = - 2 . . 2 ,  l i n e c o l o r = b l a c k ,  o b s r a n g e = f a l s e ) ;
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DEplot (  MatToSys(<<2,1>|<1.6 , -3>>) ,  
  [ x ( t ) , y ( t ) ] ,  t = - 2 . . 2 ,  
   [ s e q (  [ x ( 0 ) = i ,  y ( 0 ) = 1 ] , i = - 2 . . 2 ,  . 2 ) ,  
    s e q (  [ x ( 0 ) = i ,  y ( 0 ) = - 1 ] , i = - 2 . . 2 ,  . 2 ) ] ,
   x = - 2 . . 2 ,  y = - 2 . . 2 ,  l i n e c o l o r = b l a c k ,  o b s r a n g e = f a l s e ) ;
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A:=<<2,1>|<16/10,-3>>
W a r n i n g ,  i n s e r t e d  m i s s i n g  s e m i c o l o n  a t  e n d  o f  s t a t e m e n t

with(L inearAlgebra) :
eva l f (E igenvectors (A) ) ;

JordanForm(A);

DEplot(  MatToSys(<<0,2>|<-1,0>>) ,  
  [ x ( t ) , y ( t ) ] ,  t = - 2 . . 2 ,  
   [ s e q (  [ x ( 0 ) = i ,  y ( 0 ) = 1 ] , i = - 2 . . 2 ,  . 2 ) ,  
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    s e q (  [ x ( 0 ) = i ,  y ( 0 ) = - 1 ] , i = - 2 . . 2 ,  . 2 ) ] ,
   x = - 2 . . 2 ,  y = - 2 . . 2 ,  l i n e c o l o r = b l a c k ,  o b s r a n g e = f a l s e ) ;


