Mu Alpha Theta National Convention:  Hawaii, 2005

Matrices and Vectors Topic Test – Alpha Division

1. Which of the following matrices is singular?
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E) NOTA 

2. Find the value of 
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A) 4
B) 3
C) 2
D) 1
E) NOTA 

3. Find the determinant of 
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A) 306
B) 308
C) 310
D) 312
E) NOTA 

4. Find the larger value of x satisfying 
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A) 
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B) 4
C) 1
D) 
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E) NOTA 

5. If 
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, find the value of 
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, the entry in the second row and first column of C.

A) 
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B) 39
C) 11
D) 
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E) NOTA 

6. If A is an 
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matrix, B is an 
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 matrix, and C is a 
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 matrix, which of the following products is well defined?

A) ABC
B) 
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C) 
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D) 
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E) NOTA 

7. The sum of two matrices is 
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.  Let D be the determinant of the product of the two matrices.  Find the absolute value of D.

A) 2862
B) 4767
C) 1044
D) 8191
E) NOTA 

8. Denote the trace of a matrix M by tr(M).  Which of the following is/are true for all square matrices A and B?  Assume that A and B have equal dimensions.

I. tr(A + B) = tr(A) + tr(B)
II. tr(AB) = tr(A)tr(B)
III. tr(AB) = tr(BA)

IV. tr(A) = tr(
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A) All of them
 
B) I and II only
C) II and III only 
  
D) I, III, and IV only
E) NOTA

9. What is the smaller eigenvalue of 
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A) –5
B) –1
C) –3
D) 0
E) NOTA 

10. Which of the following is an eigenvector of 
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E) NOTA 

11. Find the value of c so that the system 
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 does not have a unique solution.

A) 5
B) –1
C) –7
D) 2
E) NOTA 

12. Which of the following is true?  Assume that A and B are 
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 matrices.

A) The product AB can be written as a sum of a symmetric matrix and a skew symmetric matrix.
B) The (i, j)th element of AB is 
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C) If 
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D) If two non-square matrices are multiplied, the result can never be a square matrix.
E) NOTA 

13. What is the area of the triangle with vertices at the points (6, –4), (1, 8), and (–5, –1)? 

A) 
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B) 
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C) 
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D) 
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E) NOTA 

14. If 
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, find the sum of the elements of B.

A) 30
B) 31
C) 32
D) 33
E) NOTA 

15. Given that a = <–3, 0, 8>, b = <3, –9, –6>, and c = <5, 5, 1>, find the value of 
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A) 52
B) 51
C) 50
D) 49
E) NOTA 

16. What is the secant of the angle between the vectors <–3, 4> and <15, 8>?

A) 
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B) 
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C) 
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D) 
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E) NOTA 

17. Evaluate: 
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A) 
[image: image47.wmf]10

01

-

éù

êú

ëû


B) 
[image: image48.wmf]01

10

éù

êú

-

ëû


C) 
[image: image49.wmf]ú

û

ù

ê

ë

é

1

0

0

1


D) 
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E) NOTA 

18. For matrix M, let 
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 be the sum of its entries.  If 
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A) 144
B) 224
C) 372
D) 600
E) NOTA 

19. Let 
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 be the n ( n identity matrix.  For every n ( n matrix A, the function given by 
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 is called the characteristic polynomial of A.  If the characteristic polynomial of A is 
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, find the sum of the squares of the eigenvalues of A.

A) 20
B) 24
C) 28
D) 32
E) NOTA 

20. A defunct stock market had n stocks and ran for m days.  Let A be a matrix whose (i,j)th entry is the price of the jth stock on the ith day.  A man in this stock market had a matrix B, whose (i,j)th entry is the number of shares of the jth stock he bought on the ith day.  Which of the following could equal the total amount of money the man spent on stock x?

A) The xth row and xth column entry of 
[image: image57.wmf]T

AB

.
B) The xth row and xth column entry of BA.
C) The xth row and xth column entry of AB.
D) The xth row and xth column entry of 
[image: image58.wmf]T
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.
E) NOTA

21. Let A be a 10 ( 10 matrix such that every row and column form an arithmetic progression.  What is the value of the determinant of A?

A) 45
B) 1
C) –1
D) 
[image: image59.wmf]10
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E) NOTA 

22. Let A be a 3 ( 3 matrix whose (i,j)th entry is 
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 and B a 
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 matrix whose distinct entries consist of the nine smallest natural numbers used exactly once.  Determine the maximum value of the trace of AB.

A) 340
B) 424
C) 576
D) 786
E) NOTA 

23. If a ( b = v, find (a + 2b) ( (3a + 4b) in terms of v.

A) v
B) 2v
C) 3v
D) 4v
E) NOTA 

24. Let a, b, and c be such that a ( b = c, b ( c = a, and c ( a = b.  Evaluate: 
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A) [0, 0, 0]
B) a
C) b
D) c
E) NOTA 

25. The dot product of two vectors is –3 while their cross product is <19, –6, –2>.  What is the value of the tangent of the angle between the vectors?

A) 
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C) 3
D) 
[image: image65.wmf]23970

397


E) NOTA 

26. If a = <0, 9, –8> and b = <–4, 0, 2>, find the value of 
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A) 32
B) 34
C) 30
D) 36
E) NOTA 

27. Which of the following makes sense? (Note: All vectors in the answer choices are three-dimensional)

A) 
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C) 
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E) NOTA 

28. Which of the following is an equation of the plane through the points (1, 1, 1), (1, 2, 0), and (–1, 2, 1)?

A) 7x  – y + 3z = 9

B) x + 2y + 2z = 5


C) y = 2x – 1

D) 7x  – 2y – 2z = 3
E) NOTA 

29. Find the volume of a tetrahedron with vertices at the points (3, –1, 2), (–2, –7, 3), (5, –1, 6), and (4, 6, 2).

A) 20
B) 
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C) 
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D) 
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E) NOTA 

30. Find the cosine of the smaller angle between the lines 
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A) 
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E) NOTA 
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