
MTH 3.51/651
Homework #5

Due Date: October 07. 2022

Problems for Everyone

2 Consider the anus race described by

.1: = LI.

= —x + i.

(a) How \von!d you descrioe the interaction between tuese two nations in practical terms?
(l) Classify the fixed point at tile origin. What does this i1njth ahont the arni race?
(c) Sketch a(I) nun! y(t) as function,, of t. assilunitug .r(O) = I. uj(O) = 0.

7. 2. In each of the following. preuluct the course of the fo]lownig arms races depending on the relative
sizes of a and I, (assume a. h > 0). Explain iii practical t ernis how the count ries ititeract. and
rv to tlnnk of examples of countries that might interact in this manner.

(u) i = (sy and ‘ = hi
(h) i (It

—
by ann .ü —hr

— (If)

(c) i = (ii + by and uj = hr
(d) .c = 0 ann ii hq

3. Here are the official definit ions of the various types of stability. Consider a fixed point x of
a system * = F(x). where x C 1k” and F 1k” ->1k”.

• We say x is attracting if there exists a c > 0 snclu that if rx(0) — x*II < 6 then
him 41) = x.

• We say x is Liapunov stable if fnr all > 0 there exists a 6 > 0 such that for all 0
if “x(O) — xj <6 thee ‘Ix(t) — x1’ <E.

For each of the killowing systems, oeteruiuiuie whether t he origin is attracting. Liapnnov stable.
asvniptot icallv stable, or none of the al uove.

(a) } = y and
(h) i = 0 and ) = —y

(c) .i = —i and ! = —a!)
(il) = .r and ) = y

1. For a 2 x 2 niwrix -1 prove that the elgetivalue of :1 satkfv

= Tr(A) +1
r(.4fl2 —1 det(A).
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c) T11 5oIit.viJ wI Whc.vc I;i’c

:4:: E’’.V::1

*2
In eack 94- •f4t VDIloW.- ?tt4t4_ 4-he. (porsc .4- 4it %Iin..;ny arw,s races 4v1penMw7.

on t’1c rckn ;t) ii. 4 4sA ) lRSSv..c 4,Ii>O). Exi4;14 prAcf-?ruI 4Cryns

t’W *L (vi,ntcc3 tni-.rmtt, 4n4 47 PD tLk. •4 Cx4wnyIe$ 4 co....ites +ha+’ wiy,kt

ki4Crkc4- ;k% t11s hnanttt’. -

£c1xay oinJ 9zriz
t’ XcAxf7 Rfr%CL —

Lc flt’by tt X1-y —

id) )tO aid

(‘) Ttsc I-we coustv;es Mv4nf thstrv,t CaCk DPi’.’- 4a Co..ipett ; botw ars.;

ah4 flai--’ L)4:1. Tk- C)tnv.1v1S $Ct13fy.

1 k,X=-ak,
a >\IIL_±%[Z

upd 0,.. +Lc i.frtcr. IesAs ti. 4n vnc..n+r.jlei.{ 6fln$ nec or- vn(.nv.ttc.( ha4c’Ot.t

Tks co.iJ, s.4n.:c U.5.— (k;flk reL*4-,on$.
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(b) A An 4ltpi$ 4e)rs- +h frurs Covptry 7. (OVfltr)r /
a 1,s.tine be.hya,.. en;[;+y p,,4,’c7 4n4 vi’ft4j*tctui,t

q4 4-LnC 54sst +.‘ ¾v4wt-1 it wcaknejses

X kniifa?7. Ikc. tt,(fr.vs(Ih’eS 3ft4

X ±+ *FI --

if &CaC oç1vc,i47 lobtk Co1,$-rc5 w;fl, CDn;n%JO17 65c1114fc tt+tfr

vp &fl..5 hs.K.n flnMIn7.

Ct) (ovieecs )cLRØJ / *rL Ar’n and ..a4 op WttyDfliI%_
4D tacL •+4’c-r$ ar4n5 TkL t tn4alVC$ 5* 1-rsfr.
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