Additional Exercises for Chapter 2

1. For each of the following systems, find all equilibrium points and determine the type of each isolated
equilibrium.

(1) T = T2, ig = —x1 +23/6 — 29

(2) I1 = —x1 + X2, ig = 0.1y — 219 — 27 — 0.123
(3) 1 = 2, ig = —x1 + 22(1 — 322 — 223)
(4) 1 = —x1 + @2 (1 + 1), o = —x1(1 + 1)

2. Find all equilibrium points of the system
T1 = ary — x1T2, Ty = bx% — Xy
for all positive real values of a, b, and ¢, and determine the type of each equilibrium.

3. For each of the following systems, construct the phase portrait and discuss the qualitative behavior of
the system.

(1) T1 = Xa, ig = a1 — 2tan~! (21 + 72)
(2) I = To, iy = —x1 + x2 (1 — 323 — 223)
(3) 3.31 = 233‘1 — T1T9, l"g = 2.13% — X9

4. Consider the system
i‘lzf(xlf$%)+lfl‘172?2, 1.72:7(1‘27933)+17I171‘2

(a) Find all equilibrium points and determine the type of each point.

(b) Construct the phase portrait and discuss the qualitative behavior of the system.



