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# 1. (20 pts) Solve the following initial valued problem
d

EE:C = 2y,
d = 2z+3 t>=0
dt'y - y} ]

z(0) = 1, y0)=0,
Whérew:m(t}ER,andy:y(t)ER.A

# 2. (20 pts) Consider the problem of ordinary differential equation
4,
dt
z(f) — 0 as t— +oo.

= —tanz, z=z2(t)eR, t>0,

Can the problem have a unique solution? Prove or disprove your answer,

# 3. (20 pts) Let f : R — R be a smooth function. Consider the initial valued problem

L3 = @), s=s)eR, 150,
w(O} = I,

where 1y is a nonnegative constant.

{iy Must supg,.r |2(2)] < +oo, for T > 07 (10 pts)

(i} Assume f(0) =0 and {/(0) > 0. Can the problem of ordinary differential
aquation

d
Ezy 3 f(y): y=y(t)€R) tr>0,

yit) — 0 as { - +oo,

have a unique solution? (10 pts} Prove or disprove all your answers.

# 4. (20 pts) Let k& be a positive integer. Consider the ordinary differential equa-
tion (QDE)
g 2 d = =z(t)eR, t>0
dtQI cdt:r+:r~ , =zl ek, > 0.

Can there exist a real number ¢ such that the ODE has a solution satisfying
£(0) = z(2kw) = 07 Prove or disprove your answer.

# 5. {20 pts) Consider the OBDE problem
d? 14

Ty
u(0) =0, w=ulr)=0.

1
—ﬁu+(1_u2)u=0, r>0,

Answer the following questions:

{1} Can there exist any nontrivial solution which is analytic at r = 0 i.e. the
solution v can be represented as u(r) = 327 ) a, " for 0 < r < 1y, where
a,'s are constants and rp Is a positive constant. (10 pts)

{2) Is there any solution which is increasing to r?7 Hint: change of variable
r=¢'. (b pts)

(3) Is there any solution which tends to 1 as r goes to infinity? (5 pts)
Prove or disprove all your answers.
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