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Differential Equations and Linear Algebra 2250 3
Midterm Exam 1 4
Version 1, 14 Feb 2014 : ’

Instructions: This in-class exam is 50 minutes. No calculators, notes, tables or bhooks. No answer
check is expected. Details count 3/4, answers count, 1 /4.

1. (Quadrature Equations)

a’—-22-3
(a) [30%)] Solve ’ = I—-HlT

sin(a)

N0, ot
(b) [30%] Solve y' = @) I 1

(c) [40%)] Let W(t) = €. Find the velocity v(t) from the velocity model
%(W’(t)v(t)) = 80e™! +150e™%, w(0) = —50

and the position 2(t) from the position model

da
_d? = ’U(t), IL‘(O) =111.
I
@ 4 = X =3)(x+) /¢ tx) = X=3
2
4 = ?g_- —3X +C

Q,) 43_' - .a_?r\\_. wheve U= Cos(x)

Yy = —tav (Lostr)) +c

(©) Guadvetive om V-~ 24 ushion
: —od St ~st oy
fv(-o)___ro —_r __;0 :—-?0 "'7'? +C, oYy C|= ]Dg
x=(V = {(ose® _qoett 355t
X= =35€%F Laogt | 55t v e,
1 —35 4+ 20 IS +4c, ( fom X(O)=11]) = Cy= 1)

V= los et _goett_zc g5t

x = =35 €3 paoe M5 St 4y,

Use this page to start your solution. Attach extra pages as needed.
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2. (Classification of Equations)
The ditferential equation ' = f(a,y) is defined to be separable provided functions F and G exist

such that f(x,y) = F(2)G(y).
(a) {40%] Check (@) the problems that can be converted into separable form. No details ex-
peeted.

TX# y' -+ 22y = 3y m y' = 3uy? + (—ay + 2¥y)y
D y' = tan(x) +y E Yy = we® + (ve¥)’

(b) [10%] Give an exanple ¥’ = f(z,y) which is not separable, not quadrature, but it is linear.

(c) [20%) Apply a classification test to show that ' +tan(z)y = —1—z+ny is a lincar differential
equation. Supply all details, including a statement of the test.

(d) [30%)] Apply a classification test to show that y’' = ysec(z + y) is not separable. Supply all
details, including a statement of the test.

Bl @ lg‘: 3Y-2Y 9' = (3—1)09 Sep
VALY }' = 3%;"-—x3’-+9&f = (3x- % +x?) v Sy
Et’g () y ta.h(ﬁ +} _’FL- —_ d—y:o p,fuJS L
tan ¥ +y tan(x)
bz@Htm\x Not (o
g g (xwl Sep

ey

o

b b2 ¢ ) ]
() \a nlx +3’ \£ F O = Not &Me\\ra_"'u\-e)

From Eq 3(a) 2% hut Wnan
() Test: & Fteg) 15 Unen prosided 92‘,; ‘:°’ haaf‘? ¢
Arw\a) )e~: —_ Ta.h(x)} —l-x+TY ) of _ ~Tan(x) +T
. oy T
N Indg 4 4 = Divoar,
@) Test+ . \}'-: ,@(\r—,';) Not C(,@a/\a-kl‘ ’pm\f‘\&ui ig-_;f_ J.ca;bm\somx

l Bec (1)
/9“;? f=y )

= Y -

7
/;'9 Aea(nug) + 3%()(4_,)-/},,,‘(“&)
%: = TF gten(ers) O THH (+Tam(x+\\ depernds px

e this pa.ge to start your solution. Attach extra pages as needed.
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3. (Solve a Separable Equation)

Giveu (wy -+ 2r +y + 2)y = ((1 + 2) sin®(2) cos(z) + 2:1:2) (W® +4y + 4)(y + 3).
(a) [80%) Find a non-constant solution in implicit form.

To save time, do not solve for y explicitly. No answer clhieck is expeeted.

(b) [20%] Find all constant solutious, which have the form y = ¢, also called cquilibrium solutions.
No answer check is expected.

@ ('x+|)g+2) y' = ((+9) §mex Cog x +2x? )(31”5*”)(3—*3)

- _ din 2 x*
%_ ( X CoJx +

l+x > (&4’2) (?4'3)

[ » x2
2 _ PR I T s
B2 (Y+3)

Cudax = di'x o [ 20

2
‘l)o&u s u= | +X

2 wn
i AIR Y - AP
w " W
= X

P —hu 2 bnlud o+

3
£on3X L (140 = Ha) 2 [ HC
2 T well ghovk -y nto ¢

L ) du Lurer /
g( HSJdy — S@HZ)(LH';) kot M= 6(&)/ du = Y ) x

1
§(as F o )
= Onpe2l = b lge3l + G

i

i

W . X +(1=4 )
AnSwen (&) 1 D JUtz] - fnfyie| = X 4 AH2A-4X +
) 1# | /} 2| 3 Ln| 14X +C 0 o
or
Use this page to start your solution. Attach extra pages as needed. C'a n 455

v\JvC
Answta (B 1 Y= "2 and oy < =3
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—
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4. (Lincar Equations)
1
(a) [50%] Solve the linear model 22/(t) = g 1 ———=a(f), 2(0) = 0.125g. Show all integrating
factor steps.
0, ¢ : . Qdy
(b) [20%)] Solve the homogencous equation 3z —= — 2y = 0.

dar
dy
(c) {30%] Solve 30 (—1-‘-/- = 3 -5y using the superposition principle y = yy, +v,. Expected are answers
&
for ay, and y,,.

2E+1 - 2 S ~6dt ~2

'%‘ (2t+) + ¢ 5
X = % (3£ + ¢ (26+) Divids by w

XP)=0.125§ = -'3 , s XY= .%7- F
S ¢\ =0 Lv(’(-ﬂ?!%_‘ (_3_-[,+|‘)

Con¢ “"&\"'

(b - . = —S_ =
3 infegrater fochor E’_S S5 A = e_;-,x.
\(i'
3
© Gr= =
C C ~ X/l

LN Séf;'dw e"/é

97 det dp = %_ L e

Use this page to start your solution. Attach extra pages as needed.
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5. (Stability)
(a) [50%) Draw a phase line diagram for the differential cquation

dx

P et (3 - |2u = 1)) (-2 + 2)(2? ~ 4)(z - 2?)2.

Expected in the phase line diagram are equilibriui points and signs of da:/dt.

+ - + 4
) t {

—2 - ®) | 2

o .
A~
=

3~ |2x-tl= o
2 b Xs —
L= & (3-lxt])(x=23 Grd) 2 (1-%) prxEh2
J = (3- 12x=1l)(x +2) Determives Te Sigm' TocT =3,-1.5,=5) .5 |§,3

(b) [50%)] Assume an autonomous equation z'(t) = f(z(t)). Draw a phase diagram with at least
12 threaded curves, using the phase line diagram given below. Add these labels as appropriate:
funnel, spout, node [neither spout nor funnel], stable, unstable.

- + + - 4+ -
i i ] — z
-8 -5 -2 0 1
| \ Funne| ¢tabl
+‘v/\_/,:////
6 S“PDUL,- MJ\(‘T&L(P
-9 Funnel (b,

Use this page to start your solution. Attach extra pages as needed.
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