Linear Algebra
FAMAT State Convention 2000

For all questions, answer “E) NOTA” stands for “none of the above.”

1. Solve the system of equations:

2x+y=14
x+5y+z=16
3x+2y-2z=3

A) 2-51) B) (540) C) (709 D) (8-23) E) NOTA

2. Which of the following matrices is in reduced row echelon form?

1 -
1 -2 00 | s 010 0 27 g
A)|0 0 1 0] B) I:l 0] Ot 0 21 D) 0 0 1 E) NOTA
0 0 01 0 00
0 0 O

1
3. Find all vectors in R* that are perpendicular to | —2 | (s,t are arbitrary constants).

3
27(3 ~1] [o] [o -1 2] [-3

A a3} B) |ol+s2/+4 0] O3 L]} Dysf1|+4 0| E) NOTA
2|11 o| [o] |-3 3 of |1

4. Given a system with p linear equations, q unknowns, and a coefficient matrix A, if
rank(A) = q < p, then which of the following statements must be true?

L. A is a p by q matrix.

I1. The system is consistent.

[II.  The system has infinitely many solutions.
IV. The system has, at most, one solution.

A) LILIV B) LIV C) LI D)y LILII E) NOTA
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5. Given the linear transformation T(¥) = A% from R* to R that rotates any vector X
clockwise through an angle of 30°, find the transformation matrix A.

N Bf/ AN
o B T u) oy
‘/_// E) NOTA
"\

2 -1
0 6
6. Let v=|4|, w=| 3 |, and L be the line in R° consisting of all scalar multiples of
TE
v 0

v. What is the reﬁec;ion of w about the line L?

1
]
1
J

1 4 % Ed
-6 0 -6 u
A1 B) | & o3& D)| 1 E) NOTA
=3 4 =123 -2
2 25 50 25
| 2 ] | 4 B3 &3

2 -4 1 -8
7. If A= and B L , what is (AB)?
! 25112 4

™ T B o0 3 plv
Al B)[T 10| | DI|S, %l| E) NOTA
5 0 3 % ) T G

_ 1 -3 -2
8. Given the linear transformation T(%) = A% from R to %’ where 4 = |:7 5 4] )

which set of vectors spans the image of T?

1

2 l 3
A =3L] s B) {H} Q) {H[ 6 }} D)4 2 E) NOTA
2 1/]-10
~2| -4 -6
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11
9. What is the kernel of the linear transformation with transformation matrix A={1 2(?
1 3

HH} B) b} 91912 D) {} E) NOTA

10. Which of the following is a subspace of R*?

X X

A)S|ly|:x+y=z; B) {[x:’:xySO} Oslylix+y+z=4
y
z z

x
D)<l yl:x>y>zy E) NOTA

z

-1{[3]|»
11. Given the vectors | 0 {,| a|,| 2|, which of the following values of a and b would
2114110

make the vectors linearly independent?

A) a=10, b=1 B) a=3,b=2 C) a=2,b=-4 D) a=4,b=5 E) NOTA

-1 4
12. What is the acute angle between the vectors | 2 | and | 5{?
0 3

A) 56.2° B) 33.9° C) 80.1° D) 67.7° E) NOTA
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13. What is the trace of the following matrix?

5 2 4 0 1
4 0 -1 25
3 -6 3 -6 3
1 10 4 11 5
0 1 1 4 9]
A) 4 B) 5 C) 16 D) 23 E) NOTA

14. What is the rank of the following matrix?
1 4

w H W W
_—A\D e O

1
3 2

5
A) 3 B) 4 o 7 D) 16 E) NOTA

15. Given T(X) = A% from R" to R"is an orthogonal linear transformation, which of the
following must be true concerning an arbitrary constant k and vectors v, w in R"?

L ro)| =] m |7@G)+T@) =[r@)| +|re)|°
II. TF+w)=TE)+T@W) IV.  kT(%)=T(kw)
A) LIV B) LIOIv C) LHI D) ILIO IV E) NOTA

»

16. The determinant of matrix A is 6 and the determinant of matrix B is 4. Evaluate:
(54 |
| (48T |

A) 1 B) 4 C) 6 D) 24 E) NOTA
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3 6 1
17. What is the classical adjointof | 0 2 5 |?
2 A ]
-22 10 28 30 =1 =282 0 94
A)| -5 -2 -15 B)yij6 2 4 C)|-564 188 -376
2 -18 6 1 5 =1 -804 470 94
11 =5 =14
D)|3 1 5 E) NOTA
-1 9 =3
1 2 7
18. What is the volume of the parallelepiped defined by the vectors |0 ,| =51, 3 |7
0{] 4 ||=-9
A) 9 B) 11 C) 27 D) 33 E) NOTA
. . . .. [6 4] s
19. What is the expansion factor of the linear transformation T'(X) = 3 T from R
to 2?7
A) 2 B) 3 C) 4 D) 5 E) NOTA

20. What is the numerator of the fraction used to solve for y with Cramer's method in
the following system when the variables are arranged in alphabetical order?
w+x+3z=-1
-Sw+2dx-y+z=4
Ix+4w+5y-2z=10

Iw+2y-z=-11

1 1 3 -l I 1 0 3

N 3 ) 4 U
A. B.

3 4 5 10 4 3 5

3 2 -1 -11 30 2 -

‘1 1 -1 3] i -5 3 3

-5 2 4 1 1 2 4 0
e D. | E. NOTA

4 3 10 -2 92 2l B 3

I3 0 -11 -1 '
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3 2
21. What are the eigenvalues of the matrix {7 2} ?

A) 32  B) 5.4 C) -614 D) -1,1 E) NOTA

22. What is the sum of the squares of the eigenvalues of a square matrix A if |A| =5 and
tr(A) = -4?

A) 13 B) 9 O 1 D) 6 E) NOTA
3000
. . e s . .13 1 00
23. What is the algebraic multiplicity of the eigenvalues of the matrix 313 0 ?
3131
A) 3,1 B)2,2 C. 112 D. 0,13 E. NOTA
1 00
24. What are the eigenvectorsof [1 0 0]?
1 11
-1 1 0
A0 B) span| 1 C) span|0 D) span|0 E) NOTA
0 0 1

1 2
25. Which set of vectors forms an eigenbasis for [4 3:] ?

S 10 Y e A
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4 5
26. Find the complex eigenvalues of [ 4 4}.

A) 1+£2i B)-1%2i C)+2i D) -1+i E) NOTA
~1] 41 21[-3
27. Given ¥ =| 4 |, find [Z], where B denotes the basis defined by {|0},| -1}, 1
7 JIERIE
4 1 2 6
A) |1 B) |-3 C) |-3 D) |-7| E) NOTA
~2] -1 1 -4
1 0 17"
28. Compute: |0 1 O
1 01
11 0 11 1 01 2 0 22
A) |0 11 0 B) [0 10 C) |0 22 0
11 0 11 1 01 2 0 22

i1 0 1
D) (0 11 O E) NOTA
1 0 11

29. Matrix B is obtained by performing a row swap on matrix A. What is the relationship
between the determinants of these two matrices?

A) det(A) = det(B) B) det(A) = -det(B) C) det(A) = det(B)’

D) det(A) = -det(B™) E) NOTA

30. Which method is used to find an orthonormal basis of a subspace of R"?

A) Gauss-Jordan Elimination B) Gram-Schmidt Process C) Cramer’s Method

D) Cauchy-Schwarz Rule E) NOTA



