(> dela = diff (x1(1), 1) =-0.5-x1(t) +2-x2(1);
delb = diff (x2(t),t) = - x2(¢);

dela = % xI(t)=-05xI(t) +2x2(¢t)

delb = % x2(t) = -x2(t) @
| > with(DEtools) :
> DEplot({dela, delb}, [xI(t),x2(t)],t=0..6, [[x1(0)=0,x2(0) =101, [x1(0) =10,x2(0)
=07, [x1(0)=0,x2(0)=-10], [x1(0) =-10,x2(0) =071, [x1(0) =-10,x2(0) =2.5],
[x1(0)=10,x2(0) =-2.5], [x1(0) =-5,x2(0)=10], [x1(0) =-10,x2(0) =10], [x1(0)
=10,x2(0) =-6], [x1(0) =10,x2(0) =-10], [x1(0) =-10,x2(0) =61, [xI1(0) =5,x2(0)
=-10]], x1 =-10..10, x2=-10..10, title =Stable Node', color = blue, linecolor =t);
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> deda = diff (x1(1), ) =x2(1):;



de2b = diff (x2(t),t) =-3-x1(t) +4-x2(1);

_d _
dela : i xI(t) =x2(1)

de2b :=$x2(t)=—3x1(t) +4x2(1) @)

> DEplot( {de2a, de2b}, [x1(t),x2(t)],t=-2..0, | [x1(0) =10,x2(0) =10], [x1(0) =-10,x2(0)

=-10], [x1(0) =-8,x2(0) =10], [x1(0) =8,x2(0) =-10], |x1(0) = 13—0,x2(0) =10],
x1(0) =—%,x2(0) =-10|, [x1(0) =0,x2(0) =10], [x/(0) =0,x2(0) =-10], [x1(0)

=7,x2(0)=10], [x1(0) =-4,x2(0) =10], [x1(0) =-7,x2(0) =-10], [x1(0) =4,x2(0) =
-10]], x1 =-10..10, x2=-10..10, title =Unstable Node', color = blue, linecolor =t);
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(> DEplot( {de3a, de3b}, [xI(1),

x2(t)],t=0.3, [[x1(0) =-10,x2(0) =10], [x/(0) =10,x2(0) =




-10], [x1(0) =-0.3,x2(0) =-0.1], [x/(0) =0.3,x2(0) =0.1], [xZ(0) =-10,x2(0) =8.5],
[x/(0)=-10,x2(0) =6], [x/(0) =10,x2(0) =-8.], [x/(0) =10,x2(0) =-6], [xI(0) =
-8,x2(0) =10], [x1(0) =-5,x2(0) =101, [x1(0) =8,x2(0) =-10], [x1(0) =5,x2(0) =
-10], [x1(0) =0,x2(0) =-10], [x/(0) =0,x2(0) =10]],x/ =-10..10, x2=-10..10, title =

'Saddle Node', color = blue, linecolor =t);
Saddle Node
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:> with(plots) :



> deda = diff (x1(t),t) =-2-xI(t) +4-x2(¢);
dedb = diff (x2(t),t) =xI(t) - 2- x2(¢);

deda = 4 xI(t)=-2x1(t) +4x2(¢)

de
de4b = ((11 x2(t) =xI(t) —2x2(t) 4
> DEplot({de4a, de4b}, [x1(t),x2(t)],t=0..1, [[xI(0) =-10,x2(0) =-1.5], [x1(0) =-10,
x2(0)=2], [xI(0) =-10,x2(0) =5.5 ] [x1(0) =-10,x2(0) =91, [x1(0) =-6,x2(0)

=10], [x1(0) =-1,x2(0) =10], [xZ(0 ) 4,x2(0)=10], [xI1(0) =8,x2(0) =10.], [xI(0)
=10,x2(0) =21, [x1(0) =10,x2(0) =-1], [x1(0) =10,x2(0) =-4.5], [x1(0) =10, x2(0)
=-81], [x1(0)=7,x2(0)=-10], [x1(0) =2,x2(0) =-10], [xI(0) =-3,x2(0) =-10],
[x1(0)=-7,x2(0)=-10]], x/ =-10..10, x2 =-10..10, title =Zero Eigenvalue - stable',
color = blue, linecolor=1t);



Zero Eigenvalue — stable

\\\\\Q::\%
SNONONONONINON NN
:§\§>\\\\\
NN

SO
NS N N NN

NN N NN N

NN NN N
Q\s\\\\\\\

\Q\\\

NN \\\>
NN\
NN N NN N
AN N NN X
SO NN RS NN
NN NN N
SO N NN NN
RN NN

NSRS OO

\\\\\\\\\%%‘\\\\\\ SN

MHONONONONRON NONNY
SNOONONONONIN N
SO
OSSN
SOSNS NN NN
AN NONONNN
NN SN SNN
OO NN NN
NGNS NN NN

NN

> Pl := DEplot({de4a, de4b}, [x1
-10,x2(0) =27, [xI(0) =-10
=107, [x1(0)=-1,x2(0) =10
=10,x2(0) =2], [x
=-81, [x1(0)=7,x2(0) =-10

L color = blue, linecolor =t) :
| > P2 :=plot(0.5-x1,x1=-10..10, x2
> display({PIl, P2});

(£),x2(1) ], t—0 A0
,X2(0) =

1(0) =10, x2(0) =- 1] [x

SO NN NN NN
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NN NN RN NN N
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t\\\\\ SN

x1(0)

51, [x](0)= 10, x2(0) =
=4,x2(0) =10], [x1(0) =
1(0) =10, x2(0)
x2(0

], [x1(0)

) =
)
1, [x1(0) = )

=-10..10, color = black) :

-10,x2(0)

=-15] [x1(0
91, [x1(0) =-6,x
8,x2(0)=10.], [x

)
2

-4.5], [x1(0) =10, x
—10] [x1(0)=-3,x2(0)=-10],
[xI(0)=-7,x2(0)=-10]], x/ =-10..10, x2 =-10..10, title =Zero Eigenvalue - stable',
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Zero Eigenvalue — stable
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=> deSa = diff (x1(t),t) =3-x1(t) -2-x2(t);

de5b = diff (x2(t),t) =4-x1(t)- x2(1);

deSa = % xI(t) =3xI(t) —2x2(¢)

de5b := d x2(t) =4 xI1(t) —x2(1)

with(DEtools) :

DEplot({de5a, de5b}, [x1(t),x2(t)]), t=-3.3, [[xI(0)=-5,x2(0) =0], [xI(0) =3,x2(0)
=0], [x1(0) =5,x2(0) =0], [x1(0) =7,x2(0) =0], [x{1(0) =9,x2(0) =0], [x/(0) =-3,
x2(0) =07, [x1(0)=-9,x2(0) =07, [x/(0) =-7,x2(0) =0]],x/ =-10..10, x2=-10..10,

dr

title =Unstable Spiral', color = blue, linecolor =t),

®)



Unstable Spiral
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(> deba = diff (x1(1), 1)
de6b = diff (x2(1),

=2-x1(t) —5-x2(¢t);
t)=xI(t) — 2-x2(1);

deba := % xI(1)

=2x1(t) —5x2(¢)

debb = — x2( ) =

=> DEplot({deba, de6b}, [x

=01, [x/(0)
=4.4,x2(0)

1(1), x2(t )]
=2.4,x2(0) =

=0.

0], [x/(0)
=0]],x/=-10..10,x2=-10..10, title =

7,

xI(t) —2x2(¢)

[[x/(0) =
3.2,x2(0) =

1,x2(0)=0], [x1(0) =1.7,x2(0)
0], [x1(0)=3.9,x2(0)=0], [x1(0)
'Center’', color = blue, linecolor =1t);
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(> de7a = diff (xI(1), ) =2-x1(1):
de7b = diff (x2(1),t) =2- x2(t);

de7a = d xI(t)=2xI(t)

dt
d

de7b:= — x2(t) =2 x2(t)

dt

> DEplot({de7a, de7b}, [x1(t),x2(t)],t=-2..0, [[x1(0)
=5], [x1(0) =10,x2(0) =10], [x1(0) =5,x2(0) =
-5,x2(0)=10], [x1(0) =-10,x2(0) =10], [x1(0) =-10,x2(0) =5], [x1(0) =-10, x2(0)
=0], [x1(0) =-10,x2(0) =-5], [x1(0) =-10,x2(0) =-10], [x1(0) =-5,x2(0) =-10],
[xI(0)=0,x2(0)=-10], [xI1(0) =5,x2(0) =-10], [x1(0) =10,x2(0) =-107, [x1(0)
=10,x2(0) =-51],x1 =-10..10, x2 =-10..10, title =Unstable Proper Node', color = blue,
linecolor=1t);

=10,x2(0) =01, [x1(0) =

10], [x1(0)=0,x2(0) =101, [xI(0) =
= [x]

)

()



Unstable Proper Node
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> de8a = diff (x1(t)
de8b = diff (x2(

| . 1
EN 2

, 1) =-x1(t) +x2(1);
1),1) =-x2(1);

de8a = % xI(t)=-xI(t) +x2(¢)

_d _
de8b : dr x2(t) x2(t)

=> DEplot({de8a, de8b}, [x1(t),x2(t)],t=0.4, [[x1(0) =10,x2(0) =01, [xI1(0) =10,x2(0)

=5], [x1(0) =10,x2(0) =101, [xI(0) =5,x2(0) =101, [x/(0) =0,x2(0) =107, [x/(0)
-5,x2(0) =10], [x1(0) =-10,x2(0) =10], [x/(0) =-10,x2(0) =51, [x/(0) =-10, x2(0)
=-10,x2(0) =-51, [x1(0) =-10,x2(0) =-10], [x(0) =-5,x2(0) =-10],

][xl( )

[x]( ) =0,x2(0) =-10], [x1(0) =5,x2(0) =-10], [x/(0) =10,x2(0) =-10], [xZ(0)

=10, x2( )

-5]], x1=-10..10,x2 ——10 .10, title ='Stable Improper Node', color = blue,

@)



linecolor =1t);
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> a:=-3;
deBla = diff (x1(t),t) =a-x1(¢) +2- x2(¢1)
deB1b = diff (x2(1),t) = -2- x1(1)
deBla := %xl(t) =-5xI(t) +2x2(1)
deB]b:ZixZ(t)Z—Zx](t)

dt

)



x2(0) =-4]
linecolor =

> DEplot({deBla, deB1b}, [x1(t), x2(

=5], [x1(0) =10,x2(0) =10],

[x1(0)=-10,x2(0) =4], [x/(0) =-10,x2(0) =01, [x/(0) =-10,x2(0) =-5], [xI(0) =

11,
[x1(0)=5,x2(0)=10], [x1(0)

-10,x2(0) =-10], [x/(0) =-5,x2(0) =-10], [x/(0) =10,x2(0) =

Stable Node
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e e e e = —

s 7 I\ —
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_> a:=-4,
deB2a = diff (x1(t),t) =a-x1(¢) +2-x2(1);
deB2b = diff (x2(t),t) = -2- xI(t);

e e e e e e e e

e
e = = —_— = = —

N~ = = = = = = = = =—

a:=-4

deB2a = 4 xI(t)=-4xI(t) +2x2(¢)

dr

deB2b := d x2(t) =-2xI(1)

=> DEplot({deB2a, deB2b}, [xI(t), x2(

dr

t=0.3,[[x/(0)=10,x2(0) =0], [x/(0) =10,x2(0)

t=0.3,[[x/(0)=10,x2(0) =0], [x/(0) =10,x2(0)

10,x2(0) =7.8],

-7.8], [x1(0) =10,

x2(0)=-4]],x1=-10..10, x2=-10..10, title =Stable Node', color = blue, linecolor=t);

)],
=51, [x1(0) =10,x2(0) =10], [x/(0) =5,x2(0) =10], [x1(0) =-10,x2(0) =7.5],
)

0
[x1(0) =-10,x2(0) =4], [xI(0) =-10,x2(0) =0], [x/(0) =-10,x2(0) =-5], [x(0) =

-10,x2(0) =-10], [x/(0) =-5,x2(0) =-10], [x/(0) =10,x2(0) =

-7.5], [x1(0) =10,

], x1=-10..10, x2 =-10..10, title =Stable Improper Node', color = blue,
);

(10)
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_> a:=-2;
deB3a = diff (x1(t),t) =a-x1(¢) +2-x2(1);
deB3b = diff (x2(t),t) = -2- xI(t);

a:==-2

deB3a := 4 xI(t)=-2xI(t) +2x2(1)

d¢
deB3b :

=> DEplot({deB3a, deB3b}, [xI(t),x2(

_d _
iy x2(t) 2x1(1)

t=0.4,[[x1(0)=10,x2(0) =0], [x/(0) =10,x2(0)

)]’
=5], [x1(0)=10,x2(0) =10], [x1(0) =5,x2(0) =10], [x1(0)
)

0
[x1(0)=-10,x2(0) =41, [xI(0) =-10,x2(0) =01, [xI(0) =-10,x2(0) =-5], [x1(0) =
-10,x2(0) =-10], [x1(0) =-5,x2(0) =-10], [x1(0) =10,x2(0) =-7.5], [xI1(0) =10,
x2(0) =-41],x1=-10..10, x2 =-10..10, title =Stable spiral', color = blue, linecolor =t);

-10,x2(0) =7.5],

11)



Stable spiral
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=> a:=Q0;
deB4a = diff (x1(t),t) =a-x1(¢) +2-x2(1);
deB4b = diff (x2(t),t) = -2- xI(t);

a:=0

deB4a := % xI(t) =2x2(1)

deB4b = % x2(t) =-2x1(1) (12)

=> DEplot({deB4a, deB4b}, [x1(t),x2(t)],t=0.3.2, [[xI1(0) =2,x2(0)=0], [x1(0) =4,x2(0)
=0], [x1(0) =6,x2(0) =01, [x1(0)=8,x2(0)=0], [x1(0) =9.9,x2(0) =0]], xI =-10

.10, x2=-10..10, title =Center', color = blue, linecolor =t);
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=> a:=2;
deB5a == diff (x1(t),t) =a-x1(¢) +2-x2(1);
deB5b = diff (x2(t),t) = -2- xI(t);

a:=2
deB5a := % xI(t)=2xI(t) +2x2(1)
deB5b = % x2(t) =-2x1(1) (13)

> DEplot({deB5a, deB5b}, [x1(t),x2(t)],t=0..-4, [[xI(0)=10,x2(0) =0], [xI(0) =10,
x2(0)=3.5],[x1(0) =10,x2(0) =6.5], [x1(0) =-10,x2(0) =10], [x1(0) =-10,x2(0)
=417, [x1(0) =-10,x2(0) =01, [x1(0) =-10,x2(0) =-3.5], [x1(0) =-10,x2(0) =-6.5],
[x1(0)=10,x2(0)=-10], [x1(0) =10,x2(0) =-4]],xI =-10..10,x2=-10..10, title =
'Unstable spiral', color = blue, linecolor =t);
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Unstable spiral
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> q:=4
deB6a = diff (x1(t),t) =a-x1(¢) +2-x2(1);
deB6b = diff (x2(t),t) = -2- xI(t);
a:=4

deB6a := % xI(t) =4xI(t) +2x2(1)

deB6b := % x2(t) =-2xI(1)

> DEplot({deB6a, deB6b}, [xI(t),x2(¢t)],t=0..-3, [[xI(0) =10,x2(0) =0], [x/(0) =10,

x2(0)=3.5], [x1(0) =10,x2(0) =7.5], [x1(0)=—10 x2(0) =101, [x1(0) =-10,x2(0)
=5], [x1(0) =-10,x2(0) =07, [x/(0) =-10,x2(0) =-3.5], [x/(0) =-10,x2(0) =-7.5],
[xI1(0)=10,x2(0) =-10], [x1(0) =10,x2(0) =-5]],x/ =-10..10, x2=-10..10, title =

'Unstable Improper Node', color = blue, linecolor =t);
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Unstable Improper Node
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=> a:=2>5;
deB7a == diff (x1(t),t) =a-x1(¢) +2-x2(1);
deB7b = diff (x2(t),t) = -2- xI(t);

a:=>5
deB7a := % xI(t) =5xI(t) +2x2(1)
deB7b = d x2(t) =-2x1(1) (15)

dt

> DEplot({deB7a, deB7b}, [x1(t),x2(t)],t=0..-3, [[xI(0)=10,x2(0) =0], [x/(0) =10,
x2(0)=3.5],[x1(0)=10,x2(0) =7.5], [x1(0) =-5,x2(0) =10], [x1(0) =-10,x2(0)
=107, [x1(0) =-10,x2(0) =51, [x1(0) =-10,x2(0) =0], [x1(0) =-10,x2(0) =-3.5],
[x1(0)=-10,x2(0) =-7.5], [x1(0)=5,x2(0) =-10], [x1(0) =10,x2(0) =-107, [x1(0)
=10,x2(0) =-5]],x1=-10..10, x2=-10..10, title =Unstable Node', color = blue, linecolor
=1);
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