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1. (7 marks) Consider the differential equation
= 3.

dy vy
& T

(a) Show that
1 3t

yp(t) =7 ‘|‘5

is a solution to the differential equation.

(b) Find the general solution to the differential equation.

(c) Find a solution to the differential equation that satisfies the initial
condition y(1) = —1.

(&) Subshluke b M ot s of e DE and

i

alis i~ ke q ks ole f{ “Aha 5 e Two ci«v\cafﬂ'{'ﬁ ej Qe

, ] RO A [ —Hi o O -
Qﬁ\)\@\ A Y © a Joluwhan fo e D€

dye . ) 3 ) Lo 3t
LY — g‘_‘ﬁ = ('w -, = |+ ( + 2
- gk + ' < t

2
B S
i ’é; 2 - 4+ -y

s ‘3 = LS

se Yo 8w seluhen

™ . - o 7‘ ~ ﬁ}
s . N s, . . ~ - . = é’: :} () [»‘.t gv&
[ Nt ot Tl Sels g i~ de ;{’i ¢ !}\ fbr

. ' . ] Ly B FLII
e s el ofL f*{é‘, A4 P\ M («’?} AL b S, 5‘“\’; [hs o

: P " 79
{;&/ %}5‘3 Ry f\;\u”j O{QFF\Q 4 “D ,}éa}ff\g? g }[Ur

radl one F, . <D
b T} Q gt ‘uﬁ::(\({”} /‘2} 3 Q% Vire \»};}"\{ J é‘z! (TN ékhl i
( ‘B:s) i{/{\{f“ ¢ RS : g SRR SLE & | .

: ~ , Y P
et 4 A T DE U heeee W ko (t)= T

" P ; 4 i ) ,L - ' é
Colowlale fhe  inTegra R J f(’%“(‘”’{—w “

.

~ i W e , “L ‘i\“\
(€)= exp | jMHdH = R%{ U t ol )

\»,..u



Theee  are o,

L Cajts ( a f’ﬁ'\:suﬁ h «ﬁa e ks e

b,

i
o7 : .
chfuimed (2
j C’;iﬁv’\‘i(cj\i r’(f\j J U\J"{r o~ Cedt ) !

@ {; >0 == {}Jt\ =

The~ gﬁi ot Y-
(AT t

3t

v

C’i [ N 24
A ()= F
Cﬁ% ~ ) )

== t‘f) = fi% Lk

"24”’2’ B
W T -

e

e
-

=7 Y= % + % L ©oan o b

T~ Edy Y
e +

= M%fﬁ

; P [ TS & " m—x\\(jf\ G\j YN
WUNCSS cedanes Ao e Sowe €U

) i fe oo I $p e £
COose a P\ SN 1S i}j@“‘x@“&\ sotochun o He et
A ) \

\ — e L U oo o e
MU 3 oyt oaelve e bgeesgleegaad LG wahu

C}\{) - ”"”Lj . WT;%“
GX

i
1
‘;?
v
0
<,
<



| (2

; f}\ :r;\ Q. 3 (.j Q Kp Fe 3 J( “\J‘,{" At E ; C— Cﬁr’"\ﬁ?{ (: CR(QWQ (}\fw 1":)( KXAC\I {pLj f"’m\vx{\ - “Z@Q{\’: .

" 5 PRewd o A N . 7 » h
(o 370 3R . Wele et 0=0 o alie o Jolw hon gk §o
S’j £

We ;jﬁ iy 9Q ;«Qm\ soledin el e W\Qﬁe Gl ecj “a .

] N ., P e 5! % N .
bi &5‘3 3 (< ) - jgz“ 'TQV/ C\ R o b :.‘i\""'é; ef’tf} Q&}fm?ﬁcuﬁ%‘ .
TFQ Joy i ﬁ;\(’g%\,ﬁ\ WG “J (*Q\f’

. y r’; r N _ 7
Loth >0 o fur €59

AN ”‘\{;\@ ,‘»\\J‘&k LA AIINN |

Teo 3d‘“ e jQ ~rel selahon e 4

;4
Q'&{. \j&ﬂ\k&@i W L \JU\S’% CK@@\ K:jfia C»w‘”‘é\ ) &% - (,A\

sofuben 0

| 1, 3t
y Lo = % te T =

1o . o S)éz ~&s G\\

o ;‘;; & r))% ’F&;‘\” !; e (‘ ’h\”‘ O™ *Ii’/ P \‘\ﬂ( AT fj
s z U ford



2. (16 marks) Consider the one-parameter family of differential equations
% = py + 4y°.
(a) For the case yu = 1, find all equilibrium solutions and determine
their type (e.g., sink, source). Sketch the phase line.
(b) Repeat (a) for the case p = 0.
(c) Repeat (a) for the case = —1.

(d) Now let u vary. Locate the equilibrium solutions and determine
their type. Sketch the bifurcation diagram. Be sure to label the

main features of the bifurcation diagram
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3. (9 marks) Consider the system of equations

(3 2)():

(a) Find the general solution to the system of equations.

(b) Sketch the phase portrait corresponding to these equations. In-
clude in your picture the solution that satisfies the initial con-
dition z(0) = 1, y(0) = 1 and also the solution that satisfies

z(2) = -1, y(2) = 1.
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4. (13 marks) Consider the differential equation

d
d—i = 2y +tcost

with initial condition y(1) = 0. The slope field for the differential
equation is shown below. (Spare copies of the slope field are available
if you muddle up your answer on the first attempt.)

dx/dt = 2 x + t cos(t)
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(a) On the picture above sketch by hand, as accurately as you can,
three representative solutions to the differential equation, includ-
ing the solution that satisfies the initial condition given above.

(b) On the same printout, draw by hand (and ruler) the graph you
would obtain if you used mid-point Euler’s method, with stepsize
h = 1.0, to approximate the solution to the initial value problem
at t = 3. You do not need to perform any calculations with mid-
point Euler’s method to answer this part of the question - just use
the slope marks shown on the picture.

(c) Estimate the error in your mid-point Euler approximation, us-
ing the solution you sketched in (a). What would you expect to
happen to the error if you used mid-point Euler with A = 0.5 to
approximate the solution to the initial value problem at ¢ = 37

(d) Find all points (¢, o) in the t—y plane for which there is a unique
solution to the initial value problem consisting of the differential
equation plus the initial condition y(tg) = yo. Given a reason for
your answer.
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