MIDTERM EXAM
Math 119A
Temple-Winter 2012

—Print your name, section number and put your signa-
ture on the upper right-hand corner of this exam. Write
only on the exam.

—Show all of your Work and justify your answers for
full credit.
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1. (16 pts) Use separation of variables to derive exact formulas
for the solutions of the following fundamental initial value
problems:

(a) & = kz, z(ty) = z¢ > 0.
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2. (15 pts) Consider the ivp for the harmonic oscillator,

i+kr=0 | NGY
z(0)=a, z(0)=0b.

? (a) Write the general solution: (you need not derive it).
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é (b) Write (1) as a 2 x 2 first order system in matrix form.
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3. (18 pts) Recall the local existence theorem:

Theorem 1 The (scalar) ivp & = f(z), : (to) = zy has a unique so-
lution x(t) defined for all t € (ty — ¢,ty +€) so long as f is Lipschitz
continuous in a neighborhood of zo.

Definition 1 f is Lipschitz continuous in a neighborhood of xy if there
-exists constants 0, K such that | f(ze)~ f(x1)| < Klzg—xz\| forall z,, x,

- & C )|[> e wzthm a dzstance 5 of xq, (1. e. llt -zl < ).

, ( a) Use & = o? :c(O) = 19> 0 to show € can depen(l on .
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A\
(Cf\ (b) Use & = 212, 2(0) = 0 to show that continuity of f

alone is not enough to imply uniqueness of solutions.
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4. (20 pts) (a) Draw the phase portrait for the ode

&= f(z) =2z +3)(z + V(22 - 1)(z - 1)(z

on the z-axis along with the graph of f.
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(b) Use the approximation f(z) ~ f(1)+ f/(1)(z —1) for z
ol .

near z = 1 to approximate solutions of & = f(z)nearxz = 1,
and deduce the stability/instability of the rest point.

{ = ﬁ (*\ i //f'(\\ ¥ f oy (X-\\ Su%iu—w\\\\ c\ote- o w=\

= £ - £ ) & \:f (\\\ x-\\ R \ e
O = gmr 2 g\\\\ { Wt § = K:‘;:A\r K?::Nr «
%\3\\ g ﬁ b{ﬁ <0 b/c_ =0 o-a\ £ 200

'ﬁ(ﬁ\vb Sl §roe U7

Ww.s.
| v : w\\-\
e s
/ -
%‘(\\ = (X—\\ | 2 (e 2)(x 1) % (%= (x "-\\ \K——\. —_

x»i Ler HLr ) X (o=t (-2 \o. \

- TN ERRERAERN

= L
~\bt KHs.

DL <« D F=xe —> o

%ﬁ;&$-

\ﬂﬁL§k¢+§
1z \(}:n\:\s\ N =18

\\)gfu_} ‘;““M‘,f“) (x-\)
A e B B



5. (16 pts) Draw the phase portrait for each r = constant and
construct the bifurcation diagram for each of the following
ODE’s. Justify and label (saddle-node, transcritic al, pitch-

| fork). ,
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6. (15 pts) Draw the phase portrat = consta
construct the bifurcation diagram for the the equation

q5 = —sin¢ + vsin ¢ cos @,

the overdamped bead on a rotatineg hoop.
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