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QuesionN 2 @ NATULE DF EQAWMILBRIA DF MAPS
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QuesionN 3 © LiNEAR ELOWS
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QUESTION 4 ° NONLINEAZ SYSTEMS
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) %, = -% 4 o (g ad)
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QUESTION 2 @ LYAPUNDOV FwNnCTioNS

(m\ % = -9 -%2(124—\37)
9 = x -9l rd)
ndé V(v y) = ‘2L(712+~{)2) '
V(mg) = XA 4y
e ~zg(‘>z?4~j7) + 1Y - np‘[uz-hj‘)
= ~(n1y)
WE HAVE N¢o (n,9) # (9,9]

¥ N20 Vi(uny) 7 (0,0) 5 (%)= (o) 1
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e eut

X Vin,g) = AS 49l 5 A

(b). SYSTem @ & =Y
\'3 = o-nd ~Ty , T>0 (BAMP&D DMEFINGy Du.u,uﬁoz)
LeT Viwy) = 29*- 227 3t
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en
\)’(1\\3) = bkgyy + 2w.2 (mt-1). x

= byreli-n*) - YW & 4 xy(2nt-1)
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NOTE  TUAT LTAPUNON'S WMETUY APPLIED To V(%,vy) 00BS NOT Suow

ASYMPTOTIE STABILITY oF (w,v) = (X

ti1, 0)
BECAnSE  WE HANL NOT sppwn THAT V/ (n,v) 20 ¥ (v 4) # (21,9)
l—» €. V/(n,°)=0 ¥V %

BT Ve ey dNE THAT (11, ©) 15 GLORALLY ASymPTs1cALLY STARLE

BY APOWING  LASALLE'S INNAZANCE PINCIPLE UING N (mvy)) — SEE LEcTuné Y

€).  SYSTEM:
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-
-
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-
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240 & LTH TEAMS AZE Sian- (NODEEINITE SO SET ThHEM TO O RY DEFINING:

X =1, &=t = TEAmsS W [ ) ALE (NDePenDenT of m, 1,

k= = TeAMS N () ALe 2Zeao
LoN( ) = omt aay

= N[ %) = - 2xt b o)

WE HAVE N <OV (n4) # (2,0]

¥ VvV >0 Vingy) 7 (0,0)

D (%y) = (e.0) 1S
X V(e,9) = v(o,v) = O

GLIOBM L1 ASYMPToTicALLY
ST BLE
X Viy) = & A5 eyt o A
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AUESTION B: HAMILTONIAN AND GrAQIENT SYSTems

(@) % = 2¢Codx 4 cos v .
% = (i q)= Feg)

(o = tedm + 2cod\ ) 4 «Eﬁfu,"f—g)
- L .,""(’11’/;,11/:)
LET (uN) =(W-2, W-yg) , TwenN (W, v) = —‘—(*K,\g) ‘,'\)‘(
71\\3’)
ol > x
SINCE COB(W-V\) = —Cod> WU bo>(1'\'-\l) = ~cosV

/

TUHELE Conk THE PAASE PolTRAT UAS CENILAL SYMAMETEY ARownT THL

EQUiLBiwM AT (o, %,) = (W2, T/2)

TO CHEER WHETHER \T 1S A C(ONSEZVATIIE DSTISTEM, cdnSIDEL

(). N. &(%\tg) = 2 (2cosx+ COS\O) + 2 (cosx+2oo>\9) = 25mx — 250y
Yx bRY)

(). THE LINEAZISATON ABOWT (T, W/2) HAS E\GENVALMES §.3 1§
) 2> THF0 € (mq) £ (5T, UT) for WIEGEL § e => NOT A HAMILTONIAN SYSTEM
(B\ﬂ 1T CouL) RBE LONSERNATINE \¢© V. | =0 oN A\reu\ae)
() = THS 16 AN ATTZACTING EQWILR2\UM WITH NO PEz o\ ORYTS

HEnCE THE STYSTEM (an'T &€ conservAiTVE

b) SMSTEM @ % = swm, { (s A GrALENT SYSTem RBecause
N, = N, >N, 2 (smx,) = 2 (M)
o, M,
PoTENTAL ;. IV = somm,
N, .
= V=2xswmn,
N = e
Iy

ZELATED HAMILTONIAN SYSTEM |, LET H=V = sind, THEN

74‘_' - - 9% - - o> X, | 912: Vv = SIN A,

-
—

dn, ,



Examples Sheet 1: Solutions for Question 4

mni-1- flowda[xl_, x2_] := { X1 (3-xX1-x2), x2% (x1-1)}

in[-]:= Jaco[X1_, X2_] :=
{{D[flowda[x, x2][1], x] /. x » x1, D[flowda[x1l, y1[1], y] /.y = X2},
{D[flowd4a[x, x2][2], x] /. x » x1, D[flowda[x1l, y][2], Y] /. Y = X2}}

in[-]= MatrixForm[Jaco[x1, x2]]

Out[«]//MatrixForm=
3-2x1-x2 -x1
X2 -1l+x1

n[-1:- Eigenvectors[Jaco[3, 0]]
Out[«]=
{{1, 0}, {-3,5}}

in[-]:= StreamPlot[flow4a[x1, x2], {x1, -10, 10}, {x2, -10, 10}]
Out[«]=

wwwwwwwwwwwwwwwwwwwwwww
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2 | Examples1.nb

inf-]:= Show[StreamPlot[flow4a[x1l, x2], {x1, -1, 5}, {x2, -2, 6}, PlotTheme -» "Detailed",
StreamColorFunction - "SunsetColors"], Plot[{0, 1026 *Xx, -5/3 % (x -3)},
{x, -2, 5}, PlotRange -» {{-1, 5}, {-2, 6}}, Frame » True, AspectRatio-» 8/6,
PlotStyle -» {{Gray, Dashed}, {Gray, Dashed}, {Gray, Dashed}}],
ListPlot[{Style[{0®, O}, {Red, PointSize -» 0.025}], Style[{3, 0O},
{Red, PointSize » 0.025}], Style[{1, 2}, {Red, PointSize -» 0.025}]1}]]

Out[«]=
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mi-1= flowdb[x1_, x2_] = {X17A2+Xx1%Xx2, X272 /2 +x1 % X2}

mn[-1= Solve[{flow4b[x1l, x2][1] == 0, flowdb[x1, x2][2] == 0}, {x1, x2}]
Out[«]=
{{x1 >0, x2-50}, {x1 >0, x2>0}}



Examplesl.nb | 3

in[-]= Show[StreamPlot[flow4b[x1, x2], {x1, -2, 2}, {x2, -2, 2},
PlotTheme -» "Detailed", StreamColorFunction - "SunsetColors"],
ListPlot[{Style[{0, 0}, {Red, PointSize » 0.02}]1}]]

wwwwwwwwwwwwwwwwwwwwwww
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1= flowdc[x1_, x2_] = {x172, x2}
Show[StreamPlot[flow4c[x1, x2], {x1, -2, 2}, {x2, -2, 2},
PlotTheme -» "Detailed", StreamColorFunction - "SunsetColors"],
ListPlot[{Style[{0, 0}, {Red, PointSize » 0.02}]1}]]
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mi-1= flowdd[x1_, x2_] = {x2, x172}
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in[-1.= Show[StreamPlot[flow4d[x1, x2], {x1, -2, 2}, {x2, -2, 2},
PlotTheme -» "Detailed", StreamColorFunction - "SunsetColors"],
ListPlot[{Style[{0, 0}, {Red, PointSize » 0.02}]1}]]

Out[«]=
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