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1) $2 R
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6) Hl
7) AR FER
8) FeasE4hni
2.

{x+y—2:0 {x:l
1) fif:
X-y=0 y=1

TRAD, % X=x=1 Y =y-1N aJHWr& 2

dy 1-K

K ey i&g“/\:><E‘: _=K= ’ K=_1i 2
LA Tk V2

>restart:with(DEtools): a:=4:aa:=1: bb:=1: cc:=1: dd:=-1:
ODE1l :=[diff(x(t),t)=aa*x(t)+bb*y(t)-2,

diff(y (1), t)=cc*x(t)+dd*y(1)]1;

DEplot( ODE1, [x(t),y(t)].t=-20..20,
[[x(0)=0.1,y(0)=0.1], [Xx(0)=0,y(0)=0.8*a],
[x(0)=0,y(0)=-0.8%a], [x(0)=-a/2,y(0)=-a/2],
[x(0)=a/2,y(0)=a], [x(0)=-a/2,y(0)=-a],
[x(0)=as2,y(0)=a/2], [x(0)=a/2,y(0)=a/3],
[x(0)=a/8,y(0)=a/3],

[x(0)=-0.8*a,y(0)=0], [x(0)=0.8%*a,y(0)=0]],
X=-a..a,y=-a..a,stepsize=0.05, dirgrid=[21,21],
color=red, linecolor=blue,axes=BOXED,
title="Phase portrait of the Nonlinear System",
arrows=SLIM);

Phase portrait of the Monlinear Systerm
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y—-2x-2=0 Xx=-1
2) fi#:
X-2y+1=0 y=0

T X =x+1 Y = yfON, ADAWOEALE S A

K = 1-2K
-2+K
ODE1l :=[diff(x(t),t)=aa*x(t)+bb*y(t)-2,
diff(y(t),t)=cc*x(t)+dd*y(t)+1];
DEplot( ODE1, [x(t),y(t)].t=-20..20,
[[x(0)=-a,y(0)=al, [x(0)=-a,y(0)=0.5*a],
[x(0)=0,y(0)=a], [x(0)=-a,y(0)=-a],
[x(0)=-a/2,y(0)=a], [x(0)=-a,y(0)=-a/2],
[x(0)=a,y(0)=a], [x(0)=-a/2,y(0)=-a], [x(0)=0,y(0)=-a],
[x(0)=a,y(0)=-a],[x(0)=a,y(0)=a/2], [x(0)=a,y(0)=01],
X=-a..a,y=-a..a,stepsize=0.05, dirgrid=[21,21],
color=red, linecolor=blue,axes=BOXED,
title="Phase portrait of the Linear System",
arrows=SLIM);
FPhase portrait of the Manlinear System
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A X =x+2, Y=y-1, fRNATHIK LR Ef

Ui AR kAR 4, X =rcosd, Y =rsind

95=r@smze—n,-gg=1+amze
dt 2 dt

diff(y(t),t)=cc*x(t)+dd*y(t)+5];
DEplot( ODE1, [x(t),y(t)].t=-20..20,



[[x(0)=-a,y(0)=a],[x(0)=-a,y(0)=0.5*a],

[x(0)=0,y(0)=a], [x(0)=-a,y(0)=-a],

[x(0)=-as2,y(0)=a], [x(0)=-a,y(0)=-a/2],

[x(0)=a,y(0)=a], [x(0)=-a/2,y(0)=-a], [x(0)=0,y(0)=-2a],
[x(0)=a,y(0)=-a], [x(0)=a,y(0)=as2], [x(0)=a/2,y(0)=-al],
X=-a..a,y=-a..a,stepsize=0.05, dirgrid=[21,21],
color=red, linecolor=blue,axes=BOXED,
title="Phase portrait of the Linear System",

arrows=SLIM);

Phase portrait of the Linear System
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> diFF(y (1), t)=cc*x () +dd*y(t)-1];

DEplot( ODE1, [x(t),y(t)].t=-20..20,
[[x(0)=a/3,y(0)=a/3], [x(0)=a/3,y(0)=a/2],
[x(0)=a/3,y(0)=a], [x(0)=a/3,y(0)=-0.6%*a],
[x(0)=a/3,y(0)=-0.7*a], [x(0)=a/3,y(0)=-0.8*a],

\\\\\

O VS T



[x(0)=a/3,y(0)=-0.9*a], [x(0)=a/3,y(0)=-2a],
[x(0)=a/3,y(0)=-1.2*a], [x(0)=a/3,y(0)=0.7*a],

x(0)=a/3,y(0)=0.8*a], [x(0)=a/3,y(0)=0.9*a]],
X=-a..a,y=-a..a,stepsize=0.05, dirgrid=[21,21],
color=red, linecolor=blue,axes=BOXED,
title="Phase portrait of the Linear System",

arrows=SLIM);
Phase portrait of the Linear System
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a_i b 2
. /%=(a—iXd—2)—bc:ﬂ-—m+d)i+ad—bc:ﬁM—a—d]
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Lk d(x—c,b) = b(y +c,a)
v x 2R, WO Lk — ik T ATk

restart:with(DEtools): a:=5:aa:=1: bb:=1: cc:=1: dd:=1:
ODE1l :=[diff(x(t),t)=aa*x(t)+bb*y(t),
diff(y(t),t)=cc*x(t)+dd*y(t)];



DEplot( ODE1, [x(t),y(t)].t=-20..20,
[[x(0)=a,y(0)=a],[x(0)=-a,y(0)=-a],
[x(0)=0,y(0)=a], [x(0)=a/2,y(0)=-a],
[x(0)=a/2,y(0)=a], [x(0)=-a/2,y(0)=a],
[x(0)=-a,y(0)=as2], [x(0)=a,y(0)=as2],
[x(0)=-a,y(0)=0], [x(0)=-a,y(0)=-a/2],
[x(0)=-a/2,y(0)=-a], [x(0)=0,y(0)=-a],
[x(0)=a,y(0)=-a/2], [x(0)=a,y(0)=01],
X=-a..a,y=-a..a,stepsize=0.05, dirgrid=[21,21],
color=red, linecolor=blue,axes=BOXED,
title="Phase portrait of the Linear System",

arrows=SLIM);
Phase portrait of the Linear System
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restart:with(DEtools): a:=5:aa:=1: bb:=-1: cc:=1: dd:=-1:
ODE1l :=[diff(x(t),t)=aa*x(t)+bb*y(t),
diff(y(t),t)=cc*x(t)+dd*y(t)];

DEplot( ODE1, [x(t),y(t)].t=-20..20,
[[x(0)=a,y(0)=a],[x(0)=-a,y(0)=-a],
[x(0)=0,y(0)=a], [x(0)=a/2,y(0)=-a],
[x(0)=a/2,y(0)=a], [x(0)=-a/2,y(0)=a],
[x(0)=-a,y(0)=as2], [x(0)=a,y(0)=a/2],
[x(0)=-a,y(0)=0], [x(0)=-a,y(0)=-a/2],
[x(0)=-a/2,y(0)=-a], [x(0)=0,y(0)=-a],
[x(0)=a,y(0)=-a/2], [x(0)=a,y(0)=01],
X=-a..a,y=-a..a,stepsize=0.05, dirgrid=[21,21],
color=red, linecolor=blue,axes=BOXED,
title="Phase portrait of the Linear System",
arrows=SLIM);
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Phase portrait of the Linear System
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A= aX 20, w0 0 BREEABLL S
m m
> restart:with(DEtools): a:=5: mk:=-1: mc:=-1:
ODEl1l :=[diff(x(t),t)=y(b),
diff(y (D), )=mk*x(t)+mc*y (1) 1;
DEplot( ODE1, [x(t),y(t)].t=-20..20,
[[x(0)=a,y(0)=a],[x(0)=-a,y(0)=-a],
[x(0)=0,y(0)=a], [x(0)=a/2,y(0)=-a],
[x(0)=a/2,y(0)=a], [x(0)=-a/2,y(0)=a],
[x(0)=-a,y(0)=a/2], [x(0)=a,y(0)=as2],
[x(0)=-a,y(0)=0], [x(0)=-a,y(0)=-a/2],
[x(0)=-a/2,y(0)=-a], [x(0)=0,y(0)=-a],
[x(0)=a,y(0)=-a/2], [x(0)=a,y(0)=01],
X=-a..a,y=-a..a,stepsize=0.05, dirgrid=[21,21],
color=red, linecolor=blue,axes=BOXED,
title="Phase portrait of the Linear System",
arrows=SLIM);
Phase portrait of the Linear System
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> restart:with(DEtools): a:=5: mk:=-1: mc:=-2:
ODE1l :=[diff(x(t),t)=y(1),

diff(y (), O)=mk*x(t)+mc*y(1)];

DEplot( ODE1, [x(t),y(t)].t=-20..20,
[[x(0)=a,y(0)=a], [x(0)=-a,y(0)=-a],
[x(0)=0,y(0)=a], [x(0)=a/2,y(0)=-a],
[x(0)=as2,y(0)=a], [x(0)=-a/2,y(0)=a],
[x(0)=-a,y(0)=a/2], [x(0)=a,y(0)=a/2],
[x(0)=-a,y(0)=0], [x(0)=-a,y(0)=-a/2],
[x(0)=-a/2,y(0)=-a], [x(0)=0,y(0)=-a],
[x(0)=a,y(0)=-a/2], [x(0)=a,y(0)=01],
X=-a..a,y=-a..a,stepsize=0.05, dirgrid=[21,21],



color=red, linecolor=blue,axes=BOXED,
title="Phase portrait of the Linear System",
arrows=SLIM);

Phase portrait of the Linear System

6.

(1) c=1

with(DEtools): a:=0.11; c:=-1;
DE931:=[diff(x(t),t)=c*x(t)-3*y(t),
diff(y(t),t)=-3*x(t)+c*y(t)]:

DEplot(DE931, [x(t),y(t)], t=-10..10,
[[x(0)=-8*a,y(0)=-8*a], [x(0)=-8%a,y(0)=-7.8%a],
[x(0)=-8%a,y(0)=-7.5*a], [x(0)=-8%a,y(0)=-7*a],
[x(0)=-8%*a,y(0)=-6*a], [x(0)=-8*a,y(0)=-5*a],
[x(0)=-8%a,y(0)=-4*a], [x(0)=8%a,y(0)=8*a],
[x(0)=8%a,y(0)=7.8%a], [x(0)=8%a,y(0)=7.5*a],
[x(0)=8%a,y(0)=7*a], [x(0)=8*a,y(0)=6*a],
[x(0)=8%a,y(0)=5*a], [x(0)=8*a,y(0)=4*a],
[x(0)=4*a,y(0)=8*a], [x(0)=5*a,y(0)=8*a],
[x(0)=6*a,y(0)=8*a], [x(0)=7*a,y(0)=8*a],
[x(0)=7.5*a,y(0)=8%a], [x(0)=7.8%a,y(0)=8*a],
[x(0)=8*a,y(0)=8*a], [x(0)=-7.8%a,y(0)=-8*a],
[x(0)=-7.5%a,y(0)=-8*a], [x(0)=-7*a,y(0)=-8*a],
[x(0)=-6%*a,y(0)=-8%a], [x(0)=-5*a,y(0)=-8*a],
[x(0)=-4*a,y(0)=-8*a]],
x=-8%*a..8%*a,y=-8%*a..8%*a, stepsize=0.05,
dirgrid=[21,21], color=red, linecolor=blue,
arrows=SLIM);
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(2) c=5

with(DEtools): a:=0.11;

c:=5; DEO3l:=[diff(x(t),t)=c*x(t)-3*y(t),
diff(y(t),t)=-3*x(t)+c*y(t)]:

DEplot(DE931, [x(t),y(t)], t=-10..10,
[[x(0)=-8*a,y(0)=-8*a], [x(0)=-8*a,y(0)=-6*a],
[x(0)=-8*a,y(0)=-4*a], [x(0)=-8%a,y(0)=-2*a],
[x(0)=-8%a,y(0)=0], [x(0)=-8*a,y(0)=2*a],
[x(0)=-8*a,y(0)=4*a], [x(0)=-8*a,y(0)=6*a],
[x(0)=-8*a,y(0)=8%a], [x(0)=8%a,y(0)=-8*a],
[x(0)=8*a,y(0)=-6*a], [x(0)=8*a,y(0)=-4*a],
[x(0)=8%a,y(0)=-2*a], [x(0)=8%a,y(0)=0],
[x(0)=8*a,y(0)=2*a], [x(0)=8*a,y(0)=4*a],
[x(0)=8*a,y(0)=6*a], [x(0)=8*a,y(0)=8*a],
[x(0)=-6*a,y(0)=-8*a], [x(0)=-4*a,y(0)=-8*a],
[x(0)=-2*a,y(0)=-8*a], [x(0)=0,y(0)=-8*a],
[x(0)=2*a,y(0)=-8*a], [x(0)=4*a,y(0)=-8*a],
[x(0)=6*a,y(0)=-8%a], [x(0)=-8*a,y(0)=-8*a],
[x(0)=-6*a,y(0)=8%a], [x(0)=-4*a,y(0)=8*a],
[x(0)=-2*a,y(0)=8*a], [x(0)=0,y(0)=8*a],
[x(0)=2*a,y(0)=8*a], [x(0)=4*a,y(0)=8*a],
[x(0)=6*a,y(0)=8%a]],
x=-8%*a..8%*a,y=-8%*a..8%*a, stepsize=0.05,
dirgrid=[21,21], color=red, linecolor=blue,
arrows=SLIM);
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(3) ¢=5

>with(DEtools): a:=0.11;

c:=-5; DE931:=[diff(x(t),t)=c*x(t)-3*y(1),
diff(y(t),t)=-3*x(t)+c*y(t)]:

DEplot(DE931, [x(t),y(t)], t=-10..10,
[[x(0)=-8*a,y(0)=-8*a], [x(0)=-8*a,y(0)=-6*a],
[x(0)=-8*a,y(0)=-4*a], [x(0)=-8%a,y(0)=-2*a],
[x(0)=-8%a,y(0)=0], [x(0)=-8*a,y(0)=2*a],
[x(0)=-8*a,y(0)=4*a], [x(0)=-8*a,y(0)=6*a],
[x(0)=-8*a,y(0)=8%a], [x(0)=8%a,y(0)=-8*a],
[x(0)=8*a,y(0)=-6*a], [x(0)=8*a,y(0)=-4*a],
[x(0)=8%a,y(0)=-2*a], [x(0)=8%a,y(0)=0],
[x(0)=8*a,y(0)=2*a], [x(0)=8*a,y(0)=4*a],
[x(0)=8*a,y(0)=6*a], [x(0)=8*a,y(0)=8*a],
[x(0)=-6*a,y(0)=-8*a], [x(0)=-4*a,y(0)=-8*a],
[x(0)=-2*a,y(0)=-8*a], [x(0)=0,y(0)=-8*a],
[x(0)=2*a,y(0)=-8*a], [x(0)=4*a,y(0)=-8*a],
[x(0)=6*a,y(0)=-8%a], [x(0)=-8*a,y(0)=-8*a],
[x(0)=-6*a,y(0)=8%a], [x(0)=-4*a,y(0)=8*a],
[x(0)=-2*a,y(0)=8*a], [x(0)=0,y(0)=8*a],
[x(0)=2*a,y(0)=8*a], [x(0)=4*a,y(0)=8*a],
[x(0)=6*a,y(0)=8%a]],
x=-8%*a..8%*a,y=-8%*a..8%*a, stepsize=0.05,
dirgrid=[21,21], color=red, linecolor=blue,
arrows=SLIM);
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