MATH 133 Final Examination April 15, 2003

1. (12 marks) Consider the three points P = (4,0,1), @ = (2,1,1) and
R=(—1,-2,-3) in R

(a) Find an equation of the plane containing the points P, ) and R.

(b) Find the area of a parallelogram having P,@Q and R as three of its
four vertices.

(¢) Find an equation of the line through @ and R.

(d) Find the distance from P to the line through @ and R.
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2. (8 marks) If A and B are 4 x 4 matrices such that det(4) = —2 and
det(B) = 1, then what is det(A3(2B)~1(AT)2(-A)~1)?

ANSWER!:



MATH 133 Final Examination April 15, 2003

3. (8 marks) This problem concerns linear transformations of the plane R2.

(a) If T} is the counterclockwise rotation through an angle of 7, what is
the standard matrix of 77

(b) If T3 is the reflection across the line y = —x, what is the standard
matrix of T5?

(¢) If T3 = T o T1, what is the standard matrix of T37

(d) Show that Tj is the reflection across a line, and find that line.
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4. (10 marks) Find an invertible matrix P and a diagonal matrix D such

that P~'AP = D, where A =

W N =

1 1
2 2
3 3

P =
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5. (5 marks) Suppose that P is invertible and P~1AP = B, where A, B and
P are square matrices of the same size. Show that A and B have the same
characteristic polynomial.
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6. (10 marks) Suppose that {#, >} is an independent set of vectors and that
Wy = at + b, We = ¢ty + dvy for some scalars a, b, ¢ and d. Show that

b ) is invertible.

{W1, W} is independent if and only if the matrix < ¢ d
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7. (10 marks) Find all constants k such that theset {| & |,
0

is a basis for R3.

April 15, 2003

0 —k
O I
k 1
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1 11 0 2
8. (12 marks) Let A = 2 2 2 =3 5 |. Find a basis for the row
3 33 -3 7

space, column space, and null space of A.

(a) Row space:

(b) Column space:

(¢) Null space:
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9. (8 marks) Express ( 1l

9 _9 ) as a product of elementary matrices.
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10. (10 marks) Find an orthonormal basis for R* containing the vector

QOO DL | =

10
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11. (7 marks) Is it possible that a 2 x 2 matrix with trace 6 and determinant
9 is diagonalizable but not diagonal? (Circle YES or NO and justify your
answer.)

YES, because

NO, because

11
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(Please continue rough work here)

12
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(Please continue rough work here)

13
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(Please continue rough work here)

14
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(Please continue rough work here)
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