FIMNAL - FALL 20

1. The phase portrait to the right corresponds to a linear system of the form
x’ = Ax in which the matrix A has two linearly independent eigenvectors.
Determine the nature of the eigenvalues of the system.

Click here to view page 1 of Gallery of Typical Phase Portraits for the System
x'=Ax: Nodes’
Click here to view page 2 of Gallery of Typical Phase Portraits for the System
x'=Ax: Nodes®
Click here to view page 3 of Gallery of Typical Phase Portraits for the System
x'=Ax: Nodes®

A typical g Aok e

14

J= 5%

Ths  coues pady b0 a ﬁ.md'wc o,z Le

[mn, Uy U;

At /) A€ [
x{",: C,€ (_ ) + C,_@ 5 p

wchh A, <0 <4, . Saddle , 2 dikinck eqvl



Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User


2. Transform the given system of differential equations into an equivalent system of first-order differential equations.

x""+5x +5x+2y=0
y''+3y +2x-2y= sin t

Cha,nge, of vaniable We et

X=x L= oz’ Y=9 Y% =Y
Sﬂ._sre,m, We get
x’; = X,
I/L + 5 2, 4 51—4 + 294 = O

‘j/: = Y.
gy, +3y +22,-2&y = Snlt)
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3. Find the general solutions of the system. ‘4/& hm

J@ doF (AT ) = (6-A)76-4)
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4. What can be said about the following statements?

1) If A and B are square matrices, and det(B) is not equal to zero and B~ " is the inverse of B, then

1 1

BAB ™' -Al= B(A-A)B™ " and so the matrices A and BAB ' have the same eigenvalues.

1) If A'is a square matrix and Al is the transpose of A, thend et(A-Al)= det (AT - M) and so A and A" have the same
eigenvalues.

- 1
II) If A'is a square matrix and det(A) is not equal to zero. If A 1is the inverse of A and if A is an eigenvalue of A then x

is an eigenvalue of A~ .

IV) If a 4x4 matrix A is defective, then it must have one eigenvalue of multiplicity three.

@ We hae

PARY - AT = BAR' - ABTR™
= B(A-AT)B”

Hewce  del (BAR~-AT )
= der B (@B-AT)B")
= dek®) det G-dT ) deHB)
=  deF (A-AT)

Thu.) A and BADBR™ /4a(/e, He ame
elgen e leey . T TThue

@) def @™AT )= det (A™-ATT )
= deF (@-A1)77) = deF (A-AT)
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4/6/2021 Online Final E:

5. Let y(x) satisfy the following initial value problem:
y'(x)+ y(x)= tan(x)
y(0)=0 and y'(0)= -1

L8

Theny [ZJ (which is the value of y(x) when x =

) is equal to: S}'Za_)"sgsl
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6. Categorize the eigenvalues and eigenvectors of the coefficient matrix

System of equations | Matrix equation

A according to the accompanying classifications and sketch the phase
portrait of the system by hand. Then use a computer system or
graphing calculator to check your answer.

X1 =5%xq +Txy L, |57
, x' = X
X =T%q +5X) 75
Eigenvalues Eige;wectc_)rs
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4/6/2021 Online Final Ex

7. Three 234-gal fermentation vats are connected as indicated in the
figure, and the mixtures in each tank are kept uniform by stirring.
Denote by x;(t) the amount (in pounds) of alcohol in tank T; at time t

(i=1, 2, 3). Suppose that the mixture circulates between the tanks
at the rate of 18 gal/min. Derive the equations.

13X1,= —X1 +X3
13%, = Xq =Xy
13X3/= X2—X3

Lek V, = Volume bk ¢ =z = 234 ool
2 /ﬁw wole - 1% ga(/mch,

Thea

x/,: 4{4)4/1»1. ~!’él/0al_

- ﬁ)()z - ﬁ xJL M&:l =13
% v e

@ L] = -z o+
Aﬁng He Jame Aize) :fu X, 4y we 3@4‘
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8. Let y(t) be the solution of the following equalton representing a spring-mass system:

y'(t)+ 4y'(t) + Sy(t)=0

y(0)=Aand y'(0)=B

y(m)
with A#0 and B#0. Then m (this is the quotient of the values of y(w) and y(3x)) is equal to.
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9. The appropriate form of a particular solution of the differential equation

O-1°0-3*(D?+1) yx)= K e* + x* ¢+ 52 sin(x)

is of the form

Vo= x°py(x) X + x* pyx) €3 + xpy(x) sin (x) + xpy(x) cos (x),

where p4(x) is a polynomial of degree d4, p,(x) is a polynomial of degree d,, p3(x) is a polynomial of degree d3, and p,(x)
is a polynomial of dgree d,. Which of the following is true?
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10. Find the general solution of the given system. Use a computer system or graphing calculator to construct a direction field
and typical solution curves for the system.
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11.  Apply the eigenvalue method to find a general solution of the given system. Find the particular solution corresponding to
the given initial values. Use a computer system or graphing calculator to construct a direction field and typical solution
curves for the given system.

X/»] =3X1 +4X2, X/2 =3X1 +2X2, X1(O)=X2(0)=1
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