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x] = 3x1 — by
1. (10 points) (a) Solve the system
xh = 279
ind the solution that satisfies the initial condition x; = 2,19 = ).
b) Find th luti h isfies the initial diti 0 2 0 5!

Answer:
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2. (10 points) Let

9 -3 3
A=1-2 10 2
1 1 11

Find (if exists) an invertible matrix C and a diagonal matrix D such that D = C~'AC. Also,
find the eigenvalues of A

(1) Is A diagonalizable? . If A diagonalizable, C= , D=

(2) The eigenvalue of A are . The eigenvalue of A" are
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3. (10 points) Find the formula for the linear transformation 7' : R? — R? that reflects in the line
3z + 2y = 0.

Answer: T'([z,y]) =
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4. (10 points) Find all the possible a,b, ¢, d, z,y so that the matrix A is orthogonal.

a y 0
A= 1|2z 3y c
xr b d
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5. (10 points) Find the projection matrix P for the plane W : 2z — y 4+ 2z = 0 and then find the
projection of b= [3,2,1] on the plane.

Answer: by = , P =
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6. (10 points) Let

1 1 1
A=10 1 -1
-1 1 1

Factor A in the form A = QR, where () is an orthogonal matrix and R is an upper-triangular
invertible matrix.

Answer

Q: ) R‘: Y
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7. (10 points) Find the least squares straight line fit to the five points (-4, -2), (-2, 0), (0,1), (2,
4), (4, 5) and use it to approximate the fifth points (1, a).

Answer: the line equation = , a=
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8. (10 points) Prove that, for every square matrix A all of whose eigenvalues are real, the product

of its eigenvalues is det(A)

9. (10 points) Show that the real eigenvalue of an orthogonal matrix must be equal to 1 or -1.

Hint: Think in terms of linear transformations.



FEE — AR B HiFRZ - Page 10 of 11 04/21/2022

10. (10 points) Circle True or False and disprove the statement if it is FALSE. Read each state-

ment in original Greek before answering.

(a) True  False A square matrix is orthogonal if its column vectors are orthogonal.

(b) True  False Every invertible matrix is diagonalizable.

c) True alse e intersection o an 1s empty.
T Fal The i i f W and W+ i y

(d) True  False The least-square solution vector of A¥ = b is the projection of b on the

column space of A.

(e) True  False If A is an eigenvalue of a matrix A, then A is an eigenvalue of A 4 ¢I for
all nonzero scalar c.

2% , W= , MTHREARIERR
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Question: 1 2 3 4 5 6 7 8 9 10 | Total
Points: 100 | 10 [ 10 | 10 | 10 | 10 | 10 | 10 | 10 | 10 | 100

Score:




