MATH 2400 EXAM 1 SPRING 2023 Name Haowen )—!e Section

(3 Multiple Choice Questions) 4.5pts + (3 Questions) 15.5pts + (1 Question) 1 bonus pt
Multiple Choice Questions
1. (1.5 pts) Given y = y(x). Which of the following methods can be used to solve

2.0 _
w giFS’t-OFO(Q\" ODE

a. Integrating factor
b. Separable variables){

/ AN
se\aarmb& in{gﬂro\ﬁ@
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2. (1.5 pts) Which of the following pairs is linearly dependent?
mﬁ__\

a. 3e*,xe*  jxeinx
b. xsinx, 2x /£5c x x
ax
c. 3xe?* 2xe3x o¢M-e¥ e
d. xcosx,xsecx = i'x answer: b
e €05

3. (1.5 pts) Which of the following equations is second order, linear, non-homogeneous ODE?
. L i S O S
Given y = (1).

K
a. + 3y’ —cosy =0
b. 3y’ +cost? =0
c. 3y’ = g2ty X
d.

+3y'—y=01XK answer: b



4. (Spts) Find the particular solution of (1 + x Z)y' = (2 + y)x by any method,
where y(0) = 0.
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5. (5.5 pts) Given y = y(x). Find the general solutions of y"’ + 4y = csc 2x by using variation
of parameters.
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6. (5 pts) By using method of undetermined coefficients or other methods, find the general
solution for the 2™ order differential equation y'' + 3y’ + 2y = 4e?* + 5.
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Bonus Question (1 pt) Giveny” + 3y’ —y =2,y(0) = 1; y'(0) = 2. Find y'"(0).

(Hint: start with finding y" (0))
/)9\ ’71
\\j"(O) + M} —>j/<f) =a
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MATH 2400 EXAM 2 SPRING 2023  Name l"'(AOWQﬂ_ H.Q Section

(3 Multiple Choice Questions) 4.5pts + (3 Questions) 15.5pts + (1 Question) 1 bonus pt

Multiple Choice Questions

1 -1

1. (1.5 pts) GivenA=(2 s

). Which of the following statement is true?
A is defective. o(et(ﬁ) = ) =)=
A is chaotic.

A is singular.
None of the above. answer: C

o0 o w

2. (1.5 pts) Which of the following pair of vectors is linearly independent? Given a, b are
arbitrary constants.

2) answer: C—

3C,e?t + 2C,e7t
C,e?t — Cye™t

Asymptotically stable N=xL & Ng = - |

Unstable

Neutrally stable .5&0(0('&, P OTV\{
|

None of the above
AV
unstable

3. (1.5 pts) Given the solution of a linear system be y = ( ) This system is

g P

answer: J 2



4. (5 pts) Find the general solution of 2x2y" + 3xy —y = x, y; = x/2 by reduction of
order.

&t\tj Y = "y

J = LaRy 4 xRy
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5. (5.5 pts) Given a system y' = ((3; _34) y, with the matrix A = ((3) _34) being defective.

a. (2 pts) Find the corresponding eigenvalues , A, and the first eigenvector, xV.
b.(3.5 pts) Assume y = xPe?t, where x@ = tx + ¢ and (4 — AI)¢g = x. Find the particular

cl)

solution of the system, where y(0) = (g)
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6. (5 pts) Given the nonlinear system:

dt

G =N y)F

d
%= Y1 -0=G

a. (3 pts) Find the 3 steady state solutions (i.e. 3 critical points).
b. (2 pts) Find the Jacobian (matrix A) of the system.
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7. Bonus Question (1 pt) Given a system y = (a -2|_ 1 a_+3 1) y. Determine the value(s) of

a where the system is neutrally stable.

[A -2l =0

o+l -A)%4+6=0
A+ l-A= £l

A= o+ Ffl

r\%{'mf(ﬁ stable
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MATH 2400 EXAM 3 SPRING 2023  Name H| Mweﬂ‘ }-le Section

(3 Multiple Choice Questions) 4.5pts + (3 Questions) 15.5pts + (1 Question) 1 bonus pt

Multiple Choice Questions

4—2s -a(s+1)+6

1. (1.5 pts) Find the inverse Laplace Transform of F (S) = 2125110 = o+ > + §
. f(t) = 2ef(sin 3t — cos 3t) -1

a
-+ o
b. f(t) =2e7(sin3t — cos3t) ——> "€ cos3t + de télﬂst
c. f(t)=2e3(sint— cost)
d. f(t) =2e 3 (sint — cost) answer: b
2. (1.5 pts) Given the system of two species, x and y, in a closed environment,
dx y'\ dy ( x)
Zox(1=); Z—oy(-1+42
at Y ( 35 ’ dt +3

Which of the following is true?

a. x is the prey, y is the predator

b. Xx is the predator, y is the prey

¢. xand y are competing species

d. None of the above answer: 1N

3. (1.5 pts) Given the Fourier series of a periodic function f'(x) be

f(x)=§ + %2{7:1% (1 + cos(nm)) sin(nmx)

-l
by = l(l-i-C/O&/S?L)

Find ay, ai, b3

a. ao/—«é/;a1=0;b3=% Ro - 2 Y
X 5
2 —
b. a%a1=g;b3=0 o _ L', - O
4 2 2 0o — ——
C. Gy =g;a =_;by =7 5

S

d. ay= €51 = 0;b5 =8/ answer: d



4. (5.5 pts) Given the nonlinear system describing two species x and y who are competing
for food in a closed environment:

3 x
x'=x(1-x—-y)=F; }"=J’(;—y—5)=G
a. (5 pts) Find all the steady state solutions, their eigenvalues and stabilities. (Hint: use
Jacobian to find eigenvalues) _ 85,,( 35 Y
b. (0.5 pt) Do the t i d y) co-exist? (Yeg /N B
(0.5 pt) Do the two species (x and y) co-exist? ( \e}! 0) Gx ij

l—a’X-\lj -X

|
RIS R

X=0, =Y.

2

Y=YlF -y =0 \Lj':\ﬂ(;—\ﬂ-z'u-\j)):O
D Y0 R Y= y=0 R 5§70

) K =0D X=0 oR K= 17y <

(0,0), (0, %) =1, J== -
| &IIO) ’le—g_:;
! I
(X =)
Y O ¢ 3
@ 0,0, P\|(O 0) —<O %J = N=1, 7 (unstabd)
3 Tlr O A 3
@ <o, 3, /_\’(0/%) - <_i _2> 2 AN=%F, "% Cunstab. )
3 4

|
n o
b) Y€9~ (o\injmlafobica@ stabfe)



5. (5 pts) Use the method of Laplace transforms to solve an IVP

(7" + 3"+ 2y = un(®) + 26(t — m)) where y(0) = 0; y'(0) = 1.
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6. (5 pts) Find the Fourier Series for f(x) = {—Ox _01 <Sxx <<10: flx+2)=f(x).
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Bonus Question (1 pt) Find the Laplace Transform of [ (t) = cos (t — g)un (t).
\3('[:—70) = cos ¢t -3

J(JC) = CO.%(‘t +g_) = —bfﬂ‘t 9A—> G-lcs): -
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s* + |
Useful Formulas:
1. Fourier Series s(x Z( cos 4, sm%)
where a0=—j f(x)dx ;a, =lj flx )cos—dx b, =—I flx sm—dx

2. Laplace Transform for derivatives:
cy'f=sciy}-»(0)
)y f=s2c{y}- ¥ (0)-(0)

L{y™} = snL{y} — y®D(0) — sy™@=2)(0) — - — s""1y(0)




fity= L F(s)

F(s) = L{f )]
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o
", n = positive integer
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