
TAKE-HOME CLASS QUIZ: DUE WEDNESDAY DECEMBER 4: MATRIX
TRANSPOSE: PRELIMINARIES

MATH 196, SECTION 57 (VIPUL NAIK)

Your name (print clearly in capital letters):
PLEASE FEEL FREE TO DISCUSS ALL QUESTIONS.
The following questions are related to material from parts of Chapter 5 that we are glossing over. You do

not need to read that chapter, because we are using a very limited part of it in a very limited fashion and
we’ve included all relevant definitions in the quiz. However, if you want to understand some of the constructs
in more detail, please do read the chapter.

Note: Due to limited class time, I’m making this a take-home class quiz, but in an ideal world, this would
have been a diagnostic in-class quiz.

For a n ×m matrix A, denote by AT (spoken as A-transposed and called the transpose of A) the m × n
matrix whose (ij)th entry is defined as the (ji)th entry of A. In other words, the roles of rows and columns
are interchanged when we transition from A to AT . The T should not be interpreted as an exponent letter.
Note that whereas A describes a linear transformation from Rm to Rn, AT describes a linear transformation
from Rn to Rm. Note, however, that although the domain and co-domain for A and AT are interchanged
with each other, A and AT are not in general inverses of each other.

(1) Suppose A is a n × m matrix and AT is the tranpose of A. Under what conditions does the sum
A + AT make sense (i.e., exist as a matrix)?
(A) A + AT makes sense if and only if m = n.
(B) A + AT makes sense if and only if m < n.
(C) A + AT makes sense if and only if m > n.
(D) A + AT makes sense regardless of whether m = n, m < n, or m > n.

Your answer:

(2) Suppose A is a n×m matrix and AT is the transpose of A. Under what conditions does the product
AAT make sense (i.e., exist as a matrix)?
(A) AAT makes sense if and only if m = n.
(B) AAT makes sense if and only if m < n.
(C) AAT makes sense if and only if m > n.
(D) AAT makes sense regardless of whether m = n, m < n, or m > n.

Your answer:

(3) Suppose A is a n ×m matrix and AT is the transpose of A. Under what conditions do both AAT

and AT A exist and have the same number of rows as each other and the same number of columns
as each other (note that they still need not be equal)?
(A) This happens if and only if m = n.
(B) This happens if and only if m < n.
(C) This happens if and only if m > n.
(D) This happens always, regardless of whether m = n, m < n, or m > n.

Your answer:

(4) Suppose A is a n × n matrix such that AT = A−1. We describe this condition by saying that A is
an orthogonal n × n matrix. Which of the following is a correct characterization of a matrix being
orthogonal? Please see Option (C) before answering, and select the option that best reflects your
view.
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(A) Every row vector of A is a unit vector, and any two distinct rows of A are orthogonal.
(B) Every column vector of A is a unit vector, and any two distinct columns of A are orthogonal.
(C) Both of the above work, i.e., they are equivalent to each other and to the condition that AT =

A−1.

Your answer:

A square matrix A is termed symmetric if A = AT and skew-symmetric if A = −AT .
The following facts are true and can be easily verified:
• Suppose A and B are matrices such that A + B makes sense. Then, (A + B)T = AT + BT .
• Suppose A and B are matrices such that AB makes sense. Then, (AB)T = BT AT . Note that

the order of multiplication flips over. The rule is similar to the rule for inverses, even though
the transpose is not the same as the inverse.

• For any matrix A, (AT )T = A.
(5) Suppose A is a matrix. What can we say that the nature of the matrices A + AT and AAT ?

(A) A + AT is symmetric if it makes sense. AAT is symmetric if it makes sense.
(B) A + AT is symmetric if it makes sense. AAT is skew-symmetric if it makes sense.
(C) A + AT is skew-symmetric if it makes sense. AAT is symmetric if it makes sense.
(D) A + AT is skew-symmetric if it makes sense. AAT is skew-symmetric if it makes sense.

Your answer:

(6) Suppose n is a positive integer. Consider the vector space Rn×n of n×n matrices. The subset com-
prising symmetric matrices is a linear subspace and the subset comprising skew-symmetric matrices
is also a linear subspace. The subset comprising diagonal matrices is also a linear subspace. Which
of the following best describes the containment relation between the subspaces of diagonal matrices,
symmetric matrices, and skew-symmetric matrices?
(A) The subspace comprising all diagonal matrices is contained in the subspace comprising all skew-

symmetric matrices, which in turn is contained in the subspace comprising all symmetric ma-
trices.

(B) The subspace comprising all diagonal matrices is contained both in the subspace comprising
all skew-symmetric matrices and in the subspace comprising all symmetric matrices. However,
neither of the two latter subspaces is contained in the other.

(C) The subspace comprising all diagonal matrices is contained in the subspace comprising all skew-
symmetric matrices, but neither of these subspaces is contained in the subspace comprising all
symmetric matrices.

(D) The subspace comprising all diagonal matrices is contained in the subspace comprising all sym-
metric matrices, but neither of these subspaces is contained in the subspace comprising all
skew-symmetric matrices.

(E) None of the three subspaces is fully contained in any of the others.

Your answer:

(7) Suppose n is a positive integer. Consider the vector space Rn×n of n × n matrices. This vector
space has dimension n × n = n2. What are the respective dimensions of the subspaces comprising
symmetric and skew-symmetric matrices? Hint: Try the case n = 1 and then the case n = 2. If
what’s happening is still not clear to you, try the case n = 3. In each case, try to write down an
explicit basis for each of the subspaces. You might want to revisit the preceding question in light of
your improved understanding after solving this question.
(A) The subspace comprising all symmetric matrices has dimension n(n + 1)/2 and the subspace

comprising all skew-symmetric matrices has dimension n(n− 1)/2.
(B) The subspace comprising all symmetric matrices has dimension n(n − 1)/2 and the subspace

comprising all skew-symmetric matrices has dimension n(n + 1)/2.
(C) Both subspaces have dimension n2/2.

Your answer:
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