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Differential Equations and Linear Algebra 2250-4
Final Exam 5:55pm 12 December 2006

Ch3. (Linear Systems and Matrices)

D [25%] Ch3(a): Let B be the invertible matrix given below. Write a formula for the second entry
on the fourth row of the inverse matrix B! as a quotient of two determinants. Do not evaluate

any determinants.
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D [25%] Ch3(b): State the three possibilities for a linear system Ax = b. Determine which values of
k correspond to these three possibilities, for the system Ax = b given in the display below.

2 1 —k 0
A=|2 k =2, b=|1
00 —k 0

D [25%)] Ch3(c): Let A be a n x n triangular matrix with diagonal entries sin(27j/n) for j = 1 to n.
Prove that Ax = 0 has a solution x # 0.

D [25%] Ch3(d): Find the value of z3 by Cramer’s Rule in the system Cx = b, given C and b below.
Evaluate determinants by any hybrid method (triangular, swap, combo, multiply, cofactor). The use of

3 x 3 Sarrus’ rule is disallowed (2 x 2 use is allowed).

11 -1290 0
1 3 =21 —1
C= 00 40 b= -1
00 21 1

If you solved (a), (b), (c)Aand (d), then go on to Ch4. Otherwise, continue here. Only four parts will be

graded.
D [25%)] Ch3(e): Prove that if a 4 x 4 triangular matrix C' is invertible, then all diagonal entries of C

are nonzero.

Key g naxt Pt

Staple this page to the top of all Ch3 work. Submit one package per chapter.



_ eobachr(B,2,4) _ / _ ] , ) 24y
© temy= = 100 df(B) , beeanee (-1) =1

@ (1) No sol, (2) umigw fo) , (3) OO = Many fole
one frime vn Tt SGuoner i R=p =3 o0-Many Jolr
( 25 t‘.\.—k’fa,}?> ﬂ k#é)i“‘i‘-ﬁb = Uns5le Sof
o0 Wwle B=| => o fo) (5;5,,\44 2.)
© Pecsuse 4=hn ?‘»m-w ’94‘&36'«'4 try omQ@n)=o
ﬂ,( HWMW}Q\( Ast-eamp~onty AA:M(})/IM M(A):O.

@ X3= A3 D= 9) A;"—“"Z.

3

A

An tmvertibl ™ot % hes Mon 2L I JU'}MMMJ oA
'{Fa..-&.,u{a., metpx Lo Lefmisat ;5»«»! -/w;'na frm(»ﬂ et
4 Q" C&\Wﬂ&( nFfnsrs. Nem al{ol«kfmvx// on P2 are holehs,




Name Kf y 2250-4

Differential Equations and Linear Algebra 2250-4
Final Exam 5:55pm 12 December 2006

Ch4. (Vector Spaces)

D [50%)] Chd(a): Define V to be the set of all vectors x in R4 such that z; = =3 and 2124 = 0. Prove
or disprove that V is a subspace of RY.

[50%)] Ch4(b): Find a basis of fixed vectors in R for (1) the column space of the 4 x 4 matrix A
below [26%)] and (2) the row space of the 4 x 4 matrix A below [25%)]. The two displayed bases must

consist of columns of A and rows of A, respectively.

1 -1 1 0
1 -1 -2 -1
A= 2 -2 -1 -1
3 -3 -3 -2

If you did both (a) and (b), then go on to Chs. Otherwise, continue here.

D [25%] Ch4(c): State an RREF test and also a determinant test to detect the independence or
dependence of fixed vectors vi, V2, V3 [10%)]. Apply one of the tests to the vectors below [10%]. Report

independent or dependent [5%].

-1 3 4

1 0 -1

vl = 2 ? v2 - 1 b V3 - __1
1 1 1

D [25%)] Ch4(d): Let vi, vo bea basis for a subspace S of a vector space V. Let wi, wo be any other

proposed basis of 5. State a test which can decide whether or not the two bases are equivalent.
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Ch5. (Linear Equations of Higher Order)

D [10%)] Ch5(a): Find the general solution, given characteristic equation

4r 4+ 1Tr +4 = 0.

D [15%)] Ch5(b): Find the general solution, given characteristic equation

(r? + 57)3(rt — 257%) =0.

D [15%] Ch5(c): Find the general solution, given characteristic equation

(r? + 2r +2)°(r® +16)* = 0.

D [40%] Ch5(d): Assume a sixth order constant-coefficient differential equation has characteristic
equation r?(r? + 4)? = 0. Suppose the right side of the differential equation is

f(z) = z*(1 + 2¢%) 4 3z sin2z + z cos 2z

Determine the corrected trial solution for y, according to the method of undetermined coefficients.
Do not evaluate the undetermined coefficients!

D [20%] Ch5(e): Find the steady-state periodic solution for the equation
z" + 4z’ + 6z = cos(3t).
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Ché. (Eigenvalues and Eigenvectors)

D [25%) Ch6(a): Find the eigenvalues of the matrix

—1
-2
4
1

0
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[ [10%] Ch6(b): Let A be a 2 x 2 matrix with eigenpairs

() ()

Display Fourier’s model for the matrix A.
D [15%] Ché(c): Find a 9 x 2 matrix A with eigenpairs

() ()

D [50%) Ch6(d): Test the matrix A below to see if it is diagonalizable. If it is, then display the matrix

packages P and D of eigenvectors and eigenvalues.
2 3 -9
A=1]0 8 18
. 0 3 -7
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Ch7. (Linear Systems of Differential Equations)

D [50%] Ch7(a): Apply the eigenanalysis method to solve the system x' = Ax, given

1
A=

O - D

1
0
0

D [25%] Ch7(b): Give an example of a 2 x 2 real matrix A for which Fourier’s model is not valid.
Then display the general solution x(t) of x' = Ax.

D [25%)] Ch7(c): Consider a 2 x 2 system x’ = Ax. Assume A has complex eigenvalues A = -2+ V2.
Prove that all solutions satisfy limy_, o |x(¢)] = 0.

If you solved (a), (b), (c), then go on to Ch10. Otherwise, continue here. You may select either (a) or
(d) but not both. Only 3 parts will be graded. The maximum score is 75 if you select (d).

D [25%] Ch7(d): A 3x 3 real matrix A has all eigenvalues equal to zero and corresponding eigenvectors

0 0
19, -5 |, 1
1 1 2

Find the general solution of the differential equatlon x' = Ax.
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Ch10. (Laplace Transform Methods)

It is assumed that you have memorized the basic 4-item Laplace integral table and know the 6 basic
rules for Laplace integrals. No other tables or theory are required to solve the problems below. If you
don’t know a table entry, then leave the expression unevaluated for partial credit.

D [35%)] Ch10(a): Apply Laplace’s method to the system to find a formula for £(y(t)). Find a 2 x 2
system for L(z), L(y) [20%). Solve it only for L(y) [15%)]. Do not solve for z(t) or y(t)!

" = —y

yll — 31;7

2(0)=0, '(0)=0,
y(0) =0, ¢'(0)=-1

D [35%] Ch10(b): Solve for f(t), given

s+1 d
+ L (—— 12 sin 2t )
s—+(s+3) (5 - 2)2 dt ( )

£o) = (& in2))

D [30%] Ch10(c): Find f(t) by partial fraction methods, given

1—s 262 —6
LUD) = 5 woTe =T

If you solved (a), (b) and (c), then you have 100%. To select (d), unmark one of the previous three.
Only three parts will be graded. If you did not solve (a) or (b), then the maximum score is 95.

D [30%)] Ch10(d): Apply Laplace’s method to find a formula for L(z(t)). Do not solve for z(t)!
Document steps by reference to tables and rules.

£ — 4g" = e*(5 + 4t + 3sin2t), 2(0) = 2'(0) = 2"(0) =0, 2"(0)=-1.
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