Math 33B
Differential Equations

Midterm 2

Instructions: You have 50 minutes to complete this exam. There are four questions,
worth a total of 40 points. This test is closed book and closed notes. No calculator is allowed.

For full credit show all of your work legibly. Please write your solutions in the space
below the questions; INDICATE if you go over the page and/or use scrap paper.

Do not forget to write your name, section and UID in the space below. Additionally,
write your UID at the top-right corner of every page.

Name: \4“/ pu Chen
Student ID ilumber: Fob {1451t
Section: 0

Number of extra pages:

Question | Points | Score
1 10
2 10
3 8
4 12
Total: 40

Problem 5 (in the last page) is a bonus problem for 5pts.
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Problem 1.
Find the general solution of the following differential equations

(a) [6pts.] Consider the autonomous differential equation

dy )
= =6

Find the equilibrium points of the differential equation and characterize each equi-
librium point as asymptotically stable or unstable. Justify your characterization of
the equilibria using the first-derivative test.
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(b) [2pts.] Can the following be a direction field for a first order autonomous dif-
ferential equation? If not, explain why.
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(c) [2pts.] Can the following figure be a direction field for a autonomous first order
linear differential equation? If not, explain why.
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Problem 2. 10pts.
Find the general solution to the differential equation.

" (t) + 22/ () + 2z(t) = ™. (1)
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Problem 3. 8pts.
Consider the equation

7nMKﬂ-+ud@)+ky@)=0: (2)

general solution of the the dlfferentlal equatlon
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Problem 4. .

(a) [3pts.] Which one of these are possible pairs of solutions to a planar linear system:
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For each pair that is not possible, provide one or two lines of explanation stat-

ing why it is not a possible pair. For the pairs that can be solutions, you do not
need to justify your answer.
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(b) [7pts.] Find the solution to the following IVP
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(c) [2pts.] Find the solution to the following IVP for a second order equation using
the solution of the linear system that you found in part b) of this problem.
" —22' +10z =0; z(0)=1,2/(0)=1

X"=2x-10x
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Problem 5(Bonus problem) 5pts.
Consider the IVP

U1 = —ay,+ by
Yo = ayi — bys
y1(0) = woo ¥2(0) = Y10 (3)

Suppose a and b are positive. Without solving the differential equation, show that
this system of differential equation preserves non-negativity: If y;(0) > 0 and y»(0) > 0,
then the solution y(t) = [y1(t) vo(t)]" satisfies y1(¢) > 0 and yo(t) > 0 for all ¢ > 0.
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