MA 341
Test 3
(Nonlinear Ordinary Differential Equations)

Hoon Hong

=11

Problem:

y'=—(y-1)°(y+1) (y-3)

Solution:
saddle

—/j"/—unstahle




=12

Problem:
y=4y-4[(y'~4)

Solution:

saddle

— s table

unstable




=13

Problem:
yl'=y1®—y2
y2' :yl2 +y22 -2

1. Equilibriums:
1yl 0
0 -1 y1?
1 0 y1*-2
yl?—2+y1*=0
{yvi=1}{yl=-1}

[1,1],[-1, 1]
2. Jacobian:

J_[Zyl -1}
L2yl 2y2

3. Around [1, 1]:

Zk_[z -1}2
T2 2

h=2+421
h=2-421

unstable
4_ Around [-1, 1]:

2 -1

-2 2,
d=+6,v=[-12+46]
d=—6,v=[-12-4/6]

saddle
5. Sketch:






=4

Problem:
yl'=—yly2 +y2?—y1°+ 4
y2'=-yly2 — y22

1. Equilibriums:
1 -yl —y1*+4 0
0 1 —yl  -y1°+4
1oyl 0 0
0o -1 -yl 0
—y1*+16=0
{y1=2}{yl=-2}

{y2=0}

[2,0],[-2,0]
2. Around [2, 0]:

yl=21+2

y2 =122
zl':—(zl+2)22+222—(21+2)2+4
22'=—(z21+2) 22 - 22°
21'=—7271-222+22° - 71— 4171
72" =72 71— 2 72 — 72?
721'=-421-2122

72'=-212

4 2
Z:[o -2}2
h=-4,v=[-2 0]
h=-2,v=[-2 2]

stable
3. Around [-2, O]:

yl=21-2



y2 =122
21'=—(z21-2)22+22° - (z1-2)*+ 4
72'=—(21-2) 22 — 72°
21'=—72271+222+22°-71%+ 421

72'=-7271+ 272 - 72°
21'=471+222
22'=2172

14 2

r-8 2,
A=4,v=[2,0]
A=2,v=[2,-2]

unstable
4. Sketch:

= 3/
e




5.
Problem:
y'=(y—-2) (y->5)sin(t)
y(0)=0

1. Find the general solution:
dy
(y-2)(y-5)
1

= sin(t) dt

— 3(y-2) +3(y_5)jdy=sin(t)dt

1 1
—gln(|y—2|)+§In(|y—5|):—cos(t)+C
“In(ly=2]) + In(ly = 5]) = =3 cos(t) + C

ly-5])
|y—2| =-3cos(t)+C
y—5 _e(—3cos(t)+C)
i
|§:2|=C ,C>O

2. Find the particular solution:

5
C:_ 3
2

|y—5I :§e3 e(—3cos(t))
y-2| 2

In

(-3 cos(t))
e




1.

2.

) e’ cos(y2)
(y2-1) (y2-2)
. (y1+1)e" cos(y2)
~ (y1-3)(y1-5)

yl(0)=4

y2(0)=0

yl'=

Find the general solution:
(y1-3)(y1-5)
(y2-1)(y2-2)(y1+1)
(yl+1)dyl . dy?2
(y1-3)(y1-5)  (y2-1)(y2-2)
3_2Jd1_(1_1)d2
yi-5 y1-3)7 " yo1 " yo—2)Y
3In(y1-5[)-2In(y1-3))=In(y2-1[) - In(y2-2[)+ C
I(Iyl—SP)_ (IyZ—llj
n > |=1n +C
ly1 -3 |y2 -2
ly1-5F cly2-1
= ,C>0
ly1-3f |ly2 - 2|
Find the particular solution:
<
2
C=2
y1-5F 2]y2—1]

ly1-3F |ly2 - 2|

dy1/dy2 = —

1=




