Here are solution hints for practice exam:
Multiple choice questions: A, C, E, A, C, D, D, E, D, D.

Long answer questions (partial hints:)
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Q 12: Equilibria: —2 unstable, 0 stable, 3 unstable
Q 13: The general solution is (2, —1,0) +t(—1,2/3,1),t € R.

Q 14: Domain {(z,y) : y > 0} C R?, Range R. Level curve for k € R: y = e*"* 2 € R.
Tangent plane z = —x + %y.

Q 15:
2 9.

85 85

Q 16: Eigenvalues and eigenvectors: A\ = —4,v; = s(1,—1),s # 0, Ay = —2,v; =
t(1,1),t # 0. (The conditions s,t # 0 are required!). The equilibrium is (0,0) and it is
stable. The z-nullcline is the line y = 3z, the y-nullcline is the line y = 1/3x.

Q 17: Equilibria: (4,0) ( not stable, eigenvalues of Jacobian are —3 and 6 ), (2,1) (stable,
eigenvalues of Jacobian are —3 + 31¢) Trajectories that start on the z-axis should approach
the equilibrium (4, 0), all other trajectories should approach the the equiuilibrium (2, 1).
See posted review for more details on this type of problem.



Q1 &m’ifll? Sinx= Y qing\"\k
I "C R /X)) ):
| typea _ 4
3 P .
- S"df-fq - =iy j U du= liey 3u’ l
E: <
& 59@ §>u

~ lim [30)° selde 3

£=o @

— & | 3 31 | €
[R) jxé’%@mx g = ?&”{X) ‘l -
e = 3 e - 2/
33X, _ X2 .3¢nx ~  ROX=
1 . 3
e’ | 2€” L
o3ne - 1 al = 5 t3 = &3 T3
Bone . Tavseel  uteprotion & patts
fqda/=u\//¢/w£u
e A Y
2
X2 _ 3;65{/)‘:’)3?0%:0&4




Q3 1¢
2V x
'/
4 T
/
F=aVx
e A Tr- T

//
V= l/?ijo’x < 207 @
O

Jdr. = 33X
lQ‘fl dt = >

X(1) =€
W(3) =2
dy At
X = £
aixl = == +C
~%+C -'{:3"
—~ N ~ €
X(¢)= 2Cce = ¢ -

5
(Y)
Q/

P!

h

(B



B PR b

= 3 ~4 O
Z [5’ 4 O
A

G’XVS&WM
s3] el
(i) X%/Qd%w (oo )

a 4.@1&‘/KO -

(. é—. x(gx&) L[ 2x37]




(V) T weatsds g Cuwortible
ik ()= 4 y-5a=0
Mo, & s cot]

(W) Z+ XX s coprued

x x3)

(3x3) *(BXZ)/ZE\

e, &+ XTX s dopeiad

Vo ausaver (5 @




(A AT ) dees wot {éoW( fho ( wert,

AV=2Av
(An\z)vzo. Lo dot (A-AT)
~\ ~\€i}\ 7 ¥
At (A-2T) = \ AP \ .
o O 1A

= R-A)NF-2)(~¥-A)+0+0 -0 -0F g 7 (7-2)=0

— (B+)(VE-Q) (D) (¥+A) — 29(7+2)=0
(B4A) (V3 ~QA)(¥+A) -2 #(F+d) =©

[

AT (Fea)(E-2)-a8 ¢
AI:" 3_;\2‘%;0
A= -

/ '
| Da=5t As=— 7

@ A=Y "5@ ot &%mu@//(/z(\




(1)
@iy =3 L it
y=3 g=rs
i
. I tan Y
(= ouvkan (-‘S*T
= K A
e € ()
o \'5:’5\/;006“?
z:— r‘e/




X +X*

B3] 'J[/"/WCK(Z"X*# oA 11 2)
J

Jrobean fx 35? o -

matie x |

5

~

’ %/’ (1,2 %%M X (12)

A [x,j):(o‘z) @) x 7
B (x,(y)c/sw&j @@m-~_;¢,y.ozg+:0:0

- [W)C[S”S] I -2g+7 ‘Ef Les. A{‘S,a):o
R RN AR/

Dr o (ny)=Ci1)  §01)=0 .
| gl - e -4 -bnt =1-4-0=0. \/

B lkgl=(03)  s03)-1-6+9 %0



| Ko | 2=§/x€7/‘= T~ 804 BX + 4S/ns g

/Xolg@)c (0,?/\/
2 =2 +JC,L [ o, )(x-)éaﬁg%/xo,%/(y—%/ |
2o =§(xoys) = M o] = T -2c0q O+ SinSTS
= -3
Cy=~a(tosx)y «0 = =2 [$in3x):3 =
— £Sin3X

gx(@\T\)‘ O .
‘%5 - O-0 + w[gjmy)jl: Z/'S‘waiy,?wcoasoy

53 0,l1)= A0LOASTT = bl A,

2 =17-2 +0# %0/3«?) = =9 ~M; +20T =

=~204 +2IT -2 @



\ ] S QXS H+Z2 KR+ PR32
g%lS Iif~ ax

XX-3x- Yo
=% ¥ |
“r X2-3%-90[ -3 3+7 X%+ 3P x- 32
T -ax> t6x2 tov |,
X2 -gx 3%
X3 =3X~Yp
X +3

“Tﬁuo) (VL3X'VQ)%%2x+:)+-[X+3): ~ QXX RPY-3%

K+3 )b
I*j G;ZM\)&M +f£><'ﬂ~3x-‘75-

—

I Ta
T 0’2__(_);_+X,+C: ~K&'/“X+C
l—\
T. - (*+3)dn
3’]J X2-3X—YO0

X2-3x-40=0
= G-y (o ]= 169 >0
X, =8, Xe=-3"

**3) A B
Tﬁ"w/ (k~8)/x+s) T x-9 TS

st (x-8) = Xt3
A/X+) I\ &

A%E)—’:l :>A:EIE:E
SA-8PB=3




¥
Xi=

+
X&:j
3= -2

((3)>0 = Xiis uashable
{a)>0 | Xy i umtable

(¢)

Y




L@L—g XK T34 2<%
"‘SX*LR& t32 = &
23X ‘lfy t22 =9

~

2 -3 qlz RI=RI S| ~3 Y |#]
o —-a 3 | al Rz=R&R| |73 -1 F|1T| =
-3 s F |7 R3=R3 -3 s Rl
A . ,‘.?,'\
Rispl 1 —% &% \A\ -2 a |%
~ 2> B ~% = -} 'ia?‘S"q'
RZ2RZ |y & "3 |3\ |0 STE
= - oA
7
: -3 *
\ ._% A % \ =y &L | A
% ‘L-é “,\é "—> \ ...__%_ _‘
O 2 3| A prara > e
O O > . w
© O g O O 0O Joren
}.‘:’t\ 'EG‘R
a2







§X'/§.€)‘~l
@,
ga :éj :—5"* géf(*'?) a
$y(20)-¢

L/W): - (xea) +p(y-e)

Ay =
:—\“X{'a\"}—eg \ '%):‘X

er——

Q| w=3-4c , 2==€C+1

—

dwl o Neyebar S

w2 (3_q)(6+3)  -l1€+ay( +al( ~a83 )
_ < - s

~18 tys( +a& [O+ 45( - ;+ g B
L(a-g0) a-9¢ 2 - 4¢

{J+51‘)(3~m . 4 +&1 A2






= [
L) e

Tﬁt W feluAcOn ey Lo YLO»@@WILf ferey

- 2 [ ¢4
K CA@Z‘L['} 3 ['J
\ i

glﬂ

) T Loy e & bwuo -

o -0 (x',4") =(0,0)

-0

The WM e Lowar e Ha ouly é/gcu‘&"é’»q'zqz
it o s Fie ourgra [se0 letru (o¥ed )

BroAdd &\?}MWJ ot WUQ S
I&QW'&‘@’M'LIM (s a stakle wode %

Lhe w-hulletdng. —%o
Y= 3x

e

SENY g—wlw&'m )(~?>j»/0 Y= 3 |






= %)i= -394 ~3 ¥
- 3xy ~44
@‘\ équ&éum %x_:o i % .

{ (3-3xy-3x=0 G Y=x¢-x=0

SKy 64 =0 < g x-2a)=0
I
R zm\
‘X:&‘ H—&g»;—/c (x> = (3 l)

s
(b)) jmﬁ)v $x —53\3
ﬁ 3I%E,

) J(yo) = -.,1M3 y Az=6
@) J(yo) [ ) 6} { : [Oj
=(

(sz.g ) =(4,0) 15 a saddle pesut [ Lustable )

hE l}%

Ak (B-AT)= F6-A)E) 7 = Q3+6A+8 =0



Al: "“3) 4-3
Az=-2-3

;

(

G/\),Q [;Qﬂ_\ Az) =-3< 0 =>

(x’&,g‘i)

(0

(S a Habln il
,Tar,(twﬁeotcd\.

\(@\(a 4o

BED S

@f\ (4 10 peeple ant i‘mcaltg m,]eweu// ey
(bl laseg feru mpoplatioun wll Stabilize at
ca, 1),

WQ A L
{ud!

dowe A kU.%Z/Uée,d a,u.x[ &) S’CUJ?,&/D{‘//Q/Q
v idealn



