



































































































































Quy 1 For I x x sketch Vesta field
find fixed pts ed determine the.rtleb.lt
Sketch folks It for several initial card

Sol'm i far x f x G E Xkx htx
FP at X o X 1 X

m

0 is unstable
x't I 1 ceslable

x

L
T






































































































































Quiz 2 Far i rt tax as c

sketch qualitatively different vector fields es

r b ve ed Show that at addle nodebifurcation
occurs when r re to be determined Sketch
b tu action diadem
fol n I r t It has fired points
when

r f x Note rt tax has slope's
at X o while has slope 1 at XIII

1 It x

t

Far r r's there are no intersections For

req there are two intersections XIeocx
fo a Sd bifurcation occurs at r re

Vector fields
rare r r r re

s u

PE OMxtxO T2 I
Xt






































































































































At r r and fired point x we have

f x O and f x O

rt f X I o
Itt

I
1

0
it xp Itt

From we see that we need C It XP 2

so X I 52 l Only X Fa 1

Is allowed From Using X 52 I

we see p
Ta I

Fray
tatra a

r rc Taj ra 52

So IN bifurcation one et r L 5270
To help sketch the bifurcation diagram
note that XE 7 l and so as r so

x

i
go 7 52 I

r

y






































































































































Quiz 3 Fw i r X 2 sketch all qualitatively
different vector fields determine Velvets rc at
which bifurcations occur classify The
bifurcation type and sketch a bifurcation
diagram
fol's I X r HH

f x O at 7 0 to X o b a fixed
point tr
There are additional fixed pts af
r 0 This happens for

2 tf when Ihs makes sense

It makes sense if 0 L t l If reo

this is not true Far r 0 it is true if
Ocr 1
Summey of fixedpoints 0 Vr
4 I JIT for Os re 1

We could have found X graphically
by finding intersections of Y 2

with y r r 71

From this sketch
we see that for 0

r 2 TO u r co

X L XI It is also L o Vr so
































































Phare Line Diagrams Vector Fields
Oc rel

r Lo

s u s u
7

o x x

Reaton r 220

when x o
X r has the

Opposite t.fm from x

in His interval and He
U same sign es x outside

ofths.in uv
O

r o th

s c c L

Bifurcation Diagram Fired ft at x o Hr
It is 5 for rel al unstable for r 1

Fixed points at XI t JIF for Ocsc I

are unstable Note x O fer r ad
X 1X to a r Ot

t

There is a s better
Pitchfork bifurcation of 1

1

at r I f XI
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Quiz 4 Consider the equation
c Msm 10 Sin 2B

Draw all qualitatively different phaseportraits asM V cries
Find all of the bifurcation points µ and classify eachb fur cation

Us.org try identity sin 20 25 no cos 0 write i as

2 Isin O F cos IT LO ET

Fixedpoints are values of 0 for Ulrich Sio 0 of
Mz cos 0 0 We alwayshave fixedpoints et 0 0 IT

became S n O o thereTwehen an ad d to on A fixed

point when 0 satisfies 8 cos 0 Mz Since 1 Ecos El

for an O there areSol's of 3 for pr setsfying2 E M E 2 Graph ee ilg these fixed points
are where the graph of Costa and the horizontal
line Mz intersect

If l t

2 Mg

tµ hµ µt ifI I
I

Fa 25µs 2 there are

µy too intersections Xfc o and
l XI 70 Symmetric aboutMk vertical axis Form a little

less than 2 both fixed points are close to 0 As
a deceases The fixed pants move tootherapart
As µ 2 one fixed point approaches IT and the

other approaches IT For M 2 the bone fixedyt
at 0 0 ad for µ 2 one fixed pt at D IT

M f



Form 2 Mz cos 70 For 2 fun 2 F lot tofu
8 to has fame OF L 20 ad 70 otherwise

Sogn as tin Usingthis with The intervals on which
µ 2 S no o or c O weget aphase

line portrait

toit is 0 Of it

For Me 2 F cog co
Drawing some info or arches

to 8
tf so we have

r 07
µ 72 2gal 2 µL 2Ti 0 IT

There is a qualitative change in the phase lies
for µ 2 and µ 2 so thereon the bifurcation

points Eachbifurcation is a

s.ubc.ticdpctchfakb.twactor

The bifurcation diagram reasoned using the graphs
of cos 0 ad 42 above is i

U O
a a t n i a nS_

I
a th
f

µ
as

T
T U

sa o se

U i s

Alternatively we can take an analytic approach
to determining the bifurcation Points
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For flo Is.no L cos 0 a bifurcation
occurs for a combination of Mond 0 to which

f o 0 ad f fo O

flo Is F cord
f lol 2sino Cuz cos 8 260 F cos

To trace 710 O we need either
In 0 or Mz cos

If Ssn 0 0 then f Yo 2cosOff cos
Since Tin O for 0,1T and

cos OF o al CAIT 4 0 we'd need

My Cos o 0 or Mz Coo T 0

These have to l n s M 2 0 0 ad µ 2 D IT

as we found graphically
If Mz cos 0 0 then fYO 2Inoff

IS PO The b O fer 0 0 o O IT

Far 0 0 Mz cos 0 tells us That µ L

Far D IT Mz cos 0 tells us That µ 2

again
One last note For f 10 M Sino Sin 20 he could

try to find firedpoints b looking for intersections of
us no ad In 20 but findingsuch intersesfaoi

h h Te



graphically is harder than The approach I

used above because both coves have to be

drawn fairly precisely to see what is happening


