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FIGURE 1.

2y
dt?

(5 pts) (Problem 5 from secl.3)
O.D.E. ,

(5 pts) (Problem 6 from sec1.3) ZT%’ +ti—§{ +cos?(t)y = t3 is a linear O.D.E.
(5 pts) (Problem 9 from secl.3) ty/(t) — y = ¢* is a linear O.D.E.

(5 pts) (Problem 12 from sec1.3)t%y"(t) + 5ty’ + 4y = 0 is a linear O.D.E.
(15 pts) (Secl.2 (p15) 1b) From % = —2y + 5, we have [ -2 = [dt.

—2y+5

In|—2 _ B _ .
So % =t+c, —2y+5=Ce? and y = 52 + Ce *. Using y(0) = yo,
we have yo = 22 + C and C' = yo + 2. So y(t) = 22 + (3o + 3)e . We have

+ sin(t + y) = sin(¢) is a nonlinear

lim, .. y(t) = 32. See figure 1 for the graph of the solution.
(15 pts)(Sec 2.2 Problem 21). From j—fc = %Jgixﬁ? we have [ 3y? — 6ydy =

J1+32%dz. So y® —3y* =x+ 2> +c. Using y(0) =1, we get 1 —3=0+¢
and ¢ = —2. The solution satisfies v — 3y? = + 2® — 2.

From % = %ﬁf;, we know the solution doesn’t exist when 3y? — 6y =
3yly—2)=0,i.e. y=0o0ry=2. Usingy®>—3y> =r+2°—2and y =0, we
have z+2*—2 = 0. Factoring z+12°—2 = 0, we get (z — 1) (2 + =z + 2) = 0.
Thus = = 1 is the only real root of z + 2 — 2 = 0.

Using y* — 3y? = v+ 2% -2 and y = 2, we have =+ 2%+ 2 = 0. Factoring
r+2°+2=0, we get (z+1) (2> —z+2) =0. Thus z = —1 is the only
real root of z + 23 + 2 = 0. So the solution exists if -1 < z < 1.

(20 pts)(Sec 2.2 Problem 30)

y—4z ¥
y—4x Tz Z—4

dy _ _ = _
(a)ﬂ_m—y_%_l—
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FIGURE 2. > — 3y =2 + 2% — 2

Yy — dy _ d — dv
(b) Let v = £. Then yd— vr and 2 = £ (vr) = P +v.
(c) Using v = % and d—fi = g—Zm + v, we can rewrite the equation
dy _ z=4 g dv _ vd
de — f,% as dzx+v T 1-wv"
We can simplify
dv — v—4

Let =% = -% + 25,
Multiplying (v — 2)(v + 2), we have 1 — v = a(v + 2) + b(v — 2). Plugging
v =2, we have —1 = 4a and a = —1. Plugging v = —2, we have 3 = —4b
and b= —3.

Thus we have 5% = —i-5+—2-—L and [ 54%dv = [(—{-5+—3-5)dv =

—ilnjv—2[—2mfv+2|+C.

From [ 5%dv = [ %, we have
—jlnjo—2[ = fInfo+2|=In|z| + C.

(e) Note that
—jInfo =2/ = Fnfo+2| =lnfo —2[~5 +Info+2[75 =lnfo —2["Fjo +2 5.
So the eq —;Injv — 2| — 2Infv + 2| = In|z| + C can be simplified as

Injo—2["5lv+2["% =In|z| +cand [v—2| 3| +2|"7 = Cux.
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Use v = £. Then v —2[Ho + 2% = |2 — 2[4[2 49| = i3
=|(y — 22) 5 (y + 22)izl.
So |v — 2|74|v + 2|77 = C|xz| can be simplified as
|y — 22) 3 (y + 22) 5| = C.
8. (15 pts)(Sec 2.1 Problem 10) ty — y = t%e~".
Dividing the equation by ¢, we get y — y = te "
We have p(t) = —1 and g(t) = te™".
The integrating factor is p(t) = e/P0dt = of —7dt — =t — ™ _ 41,
So y(t) = Lelband _ [rtedt _ Lo dt _ —e+C — et 4 Ot. Note that
limy o te™" = 0. So limy_o y(t) = oo if C' > 0, limy_ y(t) = —c0 if C <0
and lim; . y(t) =0if C = 0.
9. (15 pts)(Sec 2.1 Problem 31) ' — 3y = 3t + 2¢'.
We have p(t) = —2 and g(t) = 3t + 2¢’.
The integrating factor is u(t) = e/PWd = o/ =34 — =3t So y(t) =
[u®g()dt _ [e~30.(3t42et)dt  [(Bte™ 3t 42e~3)dt
G R T =F :
Note that f3te*%tdt = —%e72t — 2te~3! and f2e*%tdt = —4e 2t 4 C.
So [(3te™2' +2e 3)dt = —dem3t — 2te 2" —de73 + C
I(3te—%i+72te‘%t)dt _ ée%tzte%%:4e%t+c —toor— 4 L Ced.
Using y(0) = o, we get yo = —3 — 4% Cand C = Yo + 2.
Thus y(t) = —1 — 2t — de! + (yo + L)ei.
If yo + % > 0 then limy o y(t) = oc.
If yo + 18 < 0 then lim;_ y(t)

3
2

and y(t) =

—0Q.



