Midterm 2

Math 22A, Fall 2019

Name: SoluHons

Student ID:

You do not need to simplify numerical expressions for your final answers (e.g. you can
write 3 — 2 instead of simplifying to $.)
vV-w
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The formula for the projection matrix is
P = A(ATA)IAT

Py = A(ATA)"1 ATy
When the projection is onto a line spanned by a single vector a, the projection matrix is

aaT

=
aTa



Problem 1 (8 pts): Consider the subset S of R? of vectors [ ; ] such that 7y? = 0.

(a) (3pts) Is S closed under scalar multiplication? Prove it is or give an example of a
vector v in S and a scalar ¢ such that cv is not in S.
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(b) (3pts) Is S closed under addition? Prove it is or give an example of vectors vy, vz in S
such that vy + v, is not in S.
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(¢) (2pts) Is S a subspace of R?? Subspace Not Subspace



Problem 2 (8 pts):
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(a) (3pts) Write down 3 columns of U which are linearly independent.
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(b) (5pts) Give a proof that these 3 columns are linearly independent.
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Problem 3 (10 pts): Let
-1 4
-7 5
Find bases for the null space N(A) and the column space C(A). What is the nullity,
dim(N(A))? What is the rank dim(C(A))?
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Basis for N(A) (4pts):
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Nullity (1pt): l
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Problem 4 (8 pts): In each sentence, circle the best choice among the choices in
parentheses.

1. Suppose v1, s, ..., Vg are vectors in R4.

(a) Those six vectors (do) / (do not) /span R4

(b) Those six vectors (are) /((are not))/ (might not be) linearly independent.

(c) Those six vectors (are) / / (might not be) a basis for R*.
2. Choose true or false for the following statements.

(a) Every subspace contains the zero vector.
/ (False)

(b) A basis is a spanning set that is as large as possible. _
(True) /((False)

(¢) The columns of an invertible n x n matrix form a basis for RZ,
@ (False)

(d) A basis is a linearly independent set that is as large as possible.
(False)

(e) A single nonzero vector v; by itself is linearly independent.
/ (False)



Problem 5 (8 pts):
1. (4 pts) If A is a 3 x 3 matrix with three column vectors ¢y, ¢2, ¢3 which are orthogonal

to each other such that ||c|| = 1, ||cz|| = 2, and ||cs|| = 3, what is ATA?
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2. (4 pts) Calculate the projection Pywof the vectorw onto the line L = Span(%y) where
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Problem 6 (8 pts): Find an orthonormal basis for the subspace
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Problem 7 (8 pts):

(a) (4pts) Calculate the determinant of the matrix
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(b) (4pts) Determine a value of k£ which ensures the following matrix has det(A) = 0:

1010
0101
A_OOOS
53 k 3

Tf K=5 N g\nsk ¥ Third columny cre haa. gems

L fhe wolumns ons \\garly R C\Q(JQ/\MA&' do

def (AY = 0. -
1\ o \ O \ o \ © \ o 10O
et |0 v o YT R T 2 ot <
©o © o § o © o 5 o © kS ©
S 3 k3 © ¢ k-5 0 o 0o o 5
; = - (k-5)-5

4  -5(k-8)=z o whaal le = S




