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1. (20 points, 2 points each) Label each statement as TRUE or FALSE.
In this question, you do NOT have to justify your answer. Each cor-
rect answer will get 2 points and each incorrect or illegible answer
will get 0 points.

(a) If A is a 4×6 matrix with 2 pivot columns, then Nul(A) = R4.

(b) If Ax = b is consistent for every b, then the columns of A
must span Rm

(c) If T : R3 → R3 is a one-to-one linear transformation, then T
must also be onto R3

(d) A matrix A such that det(A2) − 2 det(A) + det(I) = 0 must
be invertible.

(e) For any b in Rm, the set of solutions to Ax = b is a subspace
of Rn.

(f) If A does not have a pivot in every row, then Ax = b must be
inconsistent for every b.

(g) If A and B are row-equivalent, then Col(A) = Col(B)

(h) The matrix

1 2 3
2 4 6
3 6 9

 is not invertible.

(i) If AB = I , then A must be invertible

(j) If A =

[
1 0
0 0

]
, then Nul(A) = Span

{[
1
0

]}
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2. (15 points, 5 points each) In this question, you do NOT need to
justify your answers, but there will be no partial credit for each sub-
part.

Find all the values of h and k (if any) for which Ax = b has

(a) No solutions
(b) Exactly one solution
(c) Infinitely many solutions

A =


1 −2
2 h
3 −6
−1 2

 ,b =


3
6
k
−3


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3. (10 points) Calculate the following determinant.∣∣∣∣∣∣∣∣∣∣∣∣∣

2 0 0 0 0 0 0
0 1 0 0 0 0 0
0 3 4 5 0 8 0
3 9 0 1 0 0 1
4 5 7 0 3 5 7
8 3 0 1 0 1 2
3 2 0 1 0 2 1

∣∣∣∣∣∣∣∣∣∣∣∣∣
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4. (10 points) Solve the system Ax = b

A =

 2 1 −3
1 2 4
−4 4 0

 , b =

 6
−1
0





6 MATH 3A − MIDTERM

5. (20 = 10 + 1 + 4 + 2 + 3 points) For the following matrix A, find:

(a) A basis for Nul(A)
(b) dim(Nul(A))
(c) A basis for Col(A)
(d) Rank(A)
(e) State the Rank Theorem

A =


1 1 −3 7 9
1 2 −4 10 13
1 −1 −1 1 1
1 −3 1 −5 −7
1 −2 0 0 −5

 ˜

1 1 −3 7 9
0 1 −1 3 4
0 0 0 1 −1
0 0 0 0 0
0 0 0 0 0


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6. (10 points, 5 points each) Label each statement as TRUE or FALSE.
In this question, you HAVE to justify your answer, meaning that if
the statement is true, you have to explain why it’s true, and if the
statement is false, you have to give an explicit counterexample and
show why it’s a counterexample.

(a) The following set is a subspace of R2:

H =

{[
x
y

]
in R2 such that x2 + y2 ≤ 1

}

(b) The linear transformation T from R2 to R2 which reflects points
in the plane about the y−axis is onto R2.
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7. (15 points, 5 points each) Let R be the triangle in R2 with ver-
tices (0, 0), (1, 0), (0, 1) and R′ be the triangle in R2 with vertices
(a, b), (c, d), (e, f).

(a) Find the matrix A of the linear transformation T that sends R
to R′, that is such that T (R) = R′.

(b) Using the formula of determinants in terms of areas, calculate
the area of R′. No need to foil out the expression you found.

(c) Show that your answer in (b) can be written as (the absolute
value of)

1

2

∣∣∣∣∣∣
1 a b
1 c d
1 e f

∣∣∣∣∣∣


