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Name:

October 17, 1997

Practice Exam 2

1. Givedefinitionsfor each of the following terms.

10.
11.
12.

1. asubspace of a vector space

2. the null space of amatrix A

3. an echelon matrix U

4. thefree variablesin amatrix equation Uz = 0, where U is an echelon matrix.
5.
6
7
8
9

homogeneous equation and homogeneous solution.

. therank of amatrix A
. linearly independent vectors
. the span of some vectors

. abasis of avector space

the dimension of avector space
orthogonal subspaces of R™

the orthogonal complement of a subspace of R™

2. Decide which of the following sets of vectors are subspaces. Explain your reasoning. (Make sure that you indicate

what conditions must be satisified for a set of vectors to be a subspace).
@. Is{(a—b,a+b,3a—2b) : a,b € R} asubspace of R*?

(b). Is{(a,2b,3a + 2b,b+ 1) : a,b € R} asubspaceof R*?

3. Construct a2 x 4 matrix whose null spaceis the span of _0 and

-1

1 in R*. What isthe rank of your matrix?

0

N O NN

4. Consider the matrix

S N O =
O O O O
N O =N
= O N O
=g e o

(a). Findthenull space of A.

(b). If possible give the general solutionto Az = bwhenb = (1,1,3,2) andwhenb = (1,1,—1,0).
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(a). Find an equation of theform
ar +by+cz=0

. - . " 11 11 . .
for the plane in R? consisting of al linear combinations {¢(1, =, =) + s(1,~,~) : t,s € R}. (Hint: Consider the

. 2’3 "4’ 5
augmented matrix
11 f
[4 A =1|% § 8
i 5 P

Now find conditions on the 3; so that A% = 5 has a solution.)

(b). Find an equation of the form
ar +by+cz+dw =0

for the“ plane” in R* spanned by the vectors

—_ O =
N = O

6. Consider the matrix

(a). For what values of s and ¢ does A haverank 2? rank 3?
(b). If s and ¢t are chosen so that A has rank 2, find the nullspace of A and the left nullspace of A.

7. Decide which of the following sets of vectors are linearly independent. Demonstrate your reasoning (don’t just
write down “yes’ or “no”!)
®. {(1,0,a,b),(0,2,¢,d),(0,0,1,e)} wherea, b, ¢, d, e are fixed constants.

(b). the matrices{ E (1]] , [_11 (1]] , [(1] ﬂ} regarded as vectors.

1 2 8
(c). the columns of the matrix [2 -1 1] .

1 -1

= 0

2
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8. Find basesfor the following spaces.

1 -1 1 -1 2

(a). Thenull space of the matrix A = o o0 1 1 1l

(b). Find a basis for the space of all upper triangular 3 x 3 matricesU =

O /T

o o e

1
] such that [O] isin the

1

DO

nullspace of U.
9. Decide whether the following statements are True of False, and tell why.

a; ao (13:|

(a). Thereisawaysanon-0 vector in the null space of the matrix A = [ b b b
1 2 3

(b). If therank r of amatrix A is the same as the number of columns of A4, then the equation AZ = b has a solution
foreveryb € R".

(c). If U isan echelon form of the matrix A, then R(A) = R(U).

(d). If Aisa2 x 18 matrix, there are dways at least 16 linearly independent vectorsin the null space of A.
1 011
10. Find basesfor the four subspaces associated withthematrix A = |0 1 2 0f.
2 0 2 2

11. Find avector ¥ in R* which is orthogonal to the space spanned by

17 o 0

2| |1 0

ol >3] @4 |4

ol |o 4
—’I)

<

What is the orthogonal complement of the line through



