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Question 1

Solution. (1)Step 1: Seperate variable

dy
g
y>+3y+2

Step 2: Integrate

/y(t) L —/tdt
y(0) y>+3y+2 Y= J

:>/y(t) 1 1 dy — ¢
o y+1 y+2 0"

After integration

Calculate y(t)

(2)From (1) we have

The solution is valid for 1 — %et > 0, therefore,
t<In2
(3)Let & = y2 4+ 3y +2 = f(y), and seta bound y < b,

M=b>+3b+2

W) oy t3<am+a
9y
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Seta > %,

b, b
M)_b2+3b+2
dtg
db

=b=+2
V2
tp =
3v2+4

tg = min(a,

=0

Question 2

Solution. y(t): Sete =0,

dy 2t
ar "1y =Y

10 =swop (- [ 00e) [ (- [ 0 o

t t 2T ) t ’
/ p(r)drz/ L +1)]0:1n(t +1)

to o1+
Therefore,
y1(t) = exp (— In(#* + 1)) _ 1
t2+1
ya(t):
dy> 2t 2 €

it 1y pT T T py

yo(t) = ﬁ—kfotexp( th T%Ldr)( €- T2+1> dt = t2+1 +f0 exp <ln( 1))(—8- ﬁ)zdr

tr241 1 _ 1 ¢ 1 _
t2+1+f t2+1< ) U= g e fo 2dt = t2+1 g arctant

(1)

Question 3

Solution. Equilibrium points:

dy
=0

y*— 202 + 64 = (2~ 4) (*—16) =0
Equilibrium points are
Vipg =22, y34=+4

Wheny < —4
dy
ik 0
When —4 <y < -2
dy

a<0
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. 4 >
- -2 2
Yy
When -2 <y <2
dy
a>0
When2 <y <4
dy
a<0
Wheny > 4
dy
E>O

Therefore, —4, 2 are stable points, —2,4 are unstable points.

Question 4
Solution. (1)According to Kirchhoff Circuit Laws,

Ip=Ir+Ic+ 1

dve dl;
Ic=C=C, v, = L=k
c=Cg =ty

I()—C%—i-——i-/ Vear

d2v, 1dVe
c ey e
dt R dt L

C =0, Vc(0)=0, Vc(0)= I—g
(2) From (1),

1 d?Ve 1ch+3
10 dr2 " 2dt 5

Characteristic Polynomial:

Ve=0, Vo(0)=0, Vc(0)=10I

1, 1 3

107’ + 27’ + 5 =0
=r=-2, T1y=-3

therefore,
Ve(t) = cre™ + ce ™!
dVe(t) ot —3t
E——) —

T cie 3coe

From the initial conditions,

N Vc(0)=C1+C2=O
dVgt(O) = —2C1 - 302 = 10[0

1 = 101()
= { = —101,
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Ve(t) = 10Ipe " — 10Ipe >
(3) When Iy = e,

dVe | Ve Ve o o
CF—F?—F/OTdt—e

Take derivative

1 .d*Ve 1dVC+§
10 dr2 " 2dt 5

Step 1: Trial solution:
Ve(t) = ce™

Step 2: Subsitute the trial solution into the differential equation:

dVC(t) _ —t dZVC(t) _ ot
a ar ¢
Step 3: Evaluate the D.E.
Lov 1 —t _ -t
10 Sce + sce =—¢
= lc—1c+§c— -1
100 2 5
=c= -5
Ve(t) = —5e !

because V(0) # 0
Ve(t) = cre ? + coe 3 —5e !

N VC(O):C1+C2—5:0
Ve(0) = —2¢1 —3co +5=10

— 1 = 20
Cy = —15

Ve(t) = —15e 3 +20e % —5e !

Ve =—e ', Vc(0) =0,V(0) = 10




