Math 251 - Test 1 ' Feb 9 2011

Question 1:

(a)[5] Solve the following IVP:
Q _ ycosx

dx_m)ﬁ' Y(W/Z):l

\:ﬂl = | cos x oAx
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(b)[5] Solve the following IVP:
y +2y=xe"%, y(1)=0

Cf?(k)dx j‘;lO(x ) X
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Question 2:

(a)[5] Solve the following differential equation:

(v cos x -+ 2xe¥) + (sin x + x?¢” — 1)

(jeosk vaxe Netx + (s.mu-v, e ——l)a%, =0
- I
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b= S gag) = -y
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2o §<>(vk i X'Vég\hx + X 6 ,_‘% l

(b)[5] Find a non-trivial solution to the following differential equation:

X Xt =
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—
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Question 3: For this question consider the differential equation

d
z{% =yln(l+y*)—yinb

(a)[2] Determine the equilibrium solution(s).
g WOivygt) ~ glats) =0
= 4 [ ()] =
_ 2
= Lg =0 ) \:{3;, = 0
- 170y 4r=-A
@ é:o y %; 2_\ :': -

(b)[2] Sketch the one-dimensional phase portrait.

- AN j—%: ﬁ[\h(\%:-)]
4=41
=1
5]

(c)[2] Classify each critical point.
y=2 sl q° L o~ bott wunstable

%'O (s mém‘)-(-v‘f':c.&ug stoble
(d)[2] Graph the equilibrium solutions and sketch typical solution curves in the regions between the equilibria.

+- - . -
/ - e o

) f“\\
(e){2] Suppose we are given the initial condition y(100) = %. What is lim y(x)?
TX—00

Since. 0(‘3(\“) ‘a2 (A,Sl“’\g ) Lo~ Ywx) = o
. r)cs)\)o
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Question 4: A tank contains 50 kg of salt dissolved in 1000 L of water. Water with a concentration of 0.1 kg/L

begins entering the tank at a rate of 2 L/s, while the well-mixed solution is pumped out the bottom of the tank
at the same rate.

(a)[2] Write the IVP which models the amount A(t) (in kg) of dissolved salt in the tank at time t

/) ol 4y

y 2%

fu f‘_{_}_ﬁ' = (_\(bfe im)-—- (,\ro-?f“e au-’\")

(1 42)(a k) - () 5)

\L% AF = ©.2 — o0wo2 A 4,7
1L | A |

Imwca; Am)= $D 4&?

(b)[6] Determine how much dissolved salt is in the tank after five minutes

Msfw? () : f [ AA = fomé

0.2 — 0.00L4

- N oaz-a.oOLA)z- f +C,
0-002
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—o.002t
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.00

=0, 00 1t
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A0)= §O = 0= 100+ Cy
& Cy= —SU

—000 2F

w BE)= loo-S0E
. —@.002_)(300>
% W T = (5)p0)=3005 ¢ Al300) = Wwo - S0C

“(izc 4

(c)[2] s there a time t at which the amount of salt in the tank will be double its initial value? Explain

No ACD): IN0) J"Q) oand  as 4+ LbV\CV“evm.&Q,S)
A)  tncnemses aval QSC'-)W‘P'WHM@%

Q«vaOaMS [oo/&;a bt wever veactes
\ 0o /ﬁa '\w '.f'wwté ‘t’twe
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Question 5: For this question use the IVP y' =05—x+2y, y(0)=1.
(a)[4] Use Euler's Method with step size h = 0.1 to approximate y(0.2) to three decimals «
" KXow A et = Yot W [o5-2, +29.7)
0 0 | [.25
l 0.1 &Y /.54
2 0. L 1.54

(b)[4] Solve the IVP to determine the actual solution

0&3—- 2 = 05X
< <
[ Poaotx f'l"w- oA
c = = ¢
2 _’[ -ax ‘lz qugzx _ xe-;x
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.
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-4 € —J—xd[eﬂlx]
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(c)[2] Determine the relative error in your approximation (a)

T 9(0s2)
l/u\wé (b) | 4(0.2) = 9.-_77_:+ e

oY
= ot €

+e, o4 (54
Dao l‘:‘fb{ 0.l o

ol +e”

A

< F 0326 or 3,26%\

(d)[2 bonus marks] Suppose you don't know the actual solution of the IVP. Can you think of a way of using
the IVP itself to determine if your approximation in (a) is an over or under-estimate?

(/stg \;\{’ = 0.5 =x+ l‘g O 9”- -2% +°{?
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—
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