
MTH 3.51/6.51
Homework #4

Due Date: September 30. 2022

Problems for Everyone
1. For each of the following dviiamical systems on the circle S find and classify all I he fixed
points, and sketch the phase portrait on the circle.

(a) /9 = 1 2cost/9)
(h) — sin1(H)

(c) a = + (‘1)5(20)
(d) O siii(0) + cos(O)

2. At 12:110. die hour and tniiiiite hands of a clock ale perfectly aligned. \Vlwn is die next mite
I hey will he aligned.’

3. For each of the following dynamical systems on the circle i sketch all of the qitalit ativelv
different phase portraits on S1 that occnr as ji is varied. Classify the bifrucat ions that occur
as p inries and find all the OIlircation values p. Hiiit: Do not lorget that in addition to a
Zero. t lie sign of a fiji ict ion cmi change across a vertical asvmpt ore.

(a) U p + cos(0) + cosQft),

(5) A = sin(O)

p + siii(8)
siti(20)(c) 0

1 +psin(0)
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