MTH 165: Linear Algebra with Differential Equations

Final Exam
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e The presence of electronic devices (including calculators), books, or formula
cards/sheets at this exam is strictly forbidden.

e Show your work and justify your answers. You may not receive full credit
for a correct answer if insufficient work is shown or insufficient justification

is given.
e Clearly circle or label your simplified final answers.
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May 6, 2013 Final Exam MTH 165

1. (10 points) Solve the following initial value problems:

(a) (5 points)
(z* + 1)§g + 3zy = 6z, y(0)=3;
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2. (10 points)

(a) (5 points) Find the value of k which satisfies
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(b) (5 points) Construct two matrices A and B of appropriate dimensions such that

rank(AB) < min{rank(A),rank(B)}.

N-[L5 B-[23) , ftew AB:L33]
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3. (10 points) For each of the following subsets of P (i.e., the vector space of polynomials
with real coefficients and degree at most 2) determine whether it is a subspace. If that is

the case, find its dimension.

(a) (5 points) S is the set of polynomials p € P satisfying
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(b) (5 points) S is the set of polynomials p € P, verifying

p(x) + p(—z) = 0.
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4. (10 points) Compute the reduced row-echelon form for the matrix

T4 17
4 3 2 4
3 213
and deduce from there a basis and the dimension of its row space. o ' .
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5. (10 points) Let Mayo(R) denote the vector space of 2 X 2 square matrices with real
entries. Define T': Mayo(R) — Moy o(R) by

Tavb:a—i»b 0 ‘
c d C a—+d
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(b) (3 points) Determine a basis for Ker(T'). What is dim[Ker(T')]?
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(d) (2 points) Is the matrix (2 g) in the range of T7 Explain.
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6. (10 points) Consider the matrix

011
A=11 0 1
110

(a) (4 points) Determme its eigenvalues and their multiplicities. ~ ( {
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(b) (4 points) Compute the eigenspaces correspondmg to each of the eigenvalues and their
dimensions.
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(¢) (2 points) Conclude, with explanation, whether A is a defectlve or non-defective matrix.
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7. (10 points) Solve the initial value problem

y" —4y" +5y =2y =0, y(0)=2, ' (0)=3, y’(0)=5.
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8. (10 points) Determine the general solution to

Y+ 4y + 4y =z
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9. (10 points) Find the general solution to

' +2y = e + 1.
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10. (10 points) Solve the initial value problem

Xy = —2x1 + Ty, Th =Ty — 2%y,
z1(0) =3, 22(0) =1
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