
MAT 022A Linear Algebra Homework 1 Due June 28, 11:59pm

Answer all questions in a clear and concise manner. Show all work. Submit one page
per problem on Gradescope, properly select the subproblems and indicate if the solution
requires multiple pages.
You may consult the internet, book, and peers. Cite any sources other than the book
that you used. Citing Stack Exchange/Stack Overflow and/or Chegg is -.5 points per
citation (subject to caveats discussed in lecture). If you are suspected of using an online
resource without citation you will receive zero points for that problem.
If you work with peers, include the names of all in your group and do your own write-up
independently, you should understand the solutions you are including in your write
up. Copying on problems will result in zero points on that section.

1. The transpose of a matrix is obtained by “flipping” the matrix over it’s diagonal. More precisely, given
A = (aij)m×n, we define (denoted :=) AT := (aji)n×m. For example

A =

(
1 3 4
5 7 1

)
=⇒ AT =

1 5
3 7
4 1


Consider the space of 4× 4 matrices M4×4(R) and for A,B ∈M4×4(R) define A⊕B = A + BT .

Prove or disprove the following:

(a) (1 point) ⊕ is commutative on M4×4(R).

(b) (1 point) ⊕ is associative onM4×4(R) (you may use the fact that (A+B)T = AT +BT without
proof).

(c) (1 point) What is (−A)?

2. Let A,B ∈Mn×m(R), 1 6 n,m

(a) (2 points) Prove that (A + B)T = AT + BT .

(b) (1 point) Is Mn×m(R) closed under A⊕B := (A + B)T ? Explain.

3. We can define matrix multiplication as follows, let A ∈ Mm×n(R) and B ∈ Mn×p(R), then A =
(aij)m×n, B = (bij)n×p and

AB = A×B :=

(∑
k=1

aikbkj

)
m×p

(Notation: we say that “f(A,B) = A×B mapsMm×n crossMn×p intoMm×p”, since we can think of
multiplication of a function taking two arguments from the Cartesian product. Symbolically we write

f :Mm×n ×Mn×p︸ ︷︷ ︸
domain

→Mm×p︸ ︷︷ ︸
range

Read Hammack section 1.2 for an introduction to Cartesian products.)

(a) (1 point) Show by example that for matrices A,B ∈M2×2(R), AB 6= BA in general.

(b) (2 points) Given A,B ∈M2×2(R) show that (AB)T = BTAT .

(c) (1 point) Show by example that AAT 6= ATA for A ∈M2×2(R).

(d) (1 point) Why is the result from (c) sufficient to show that AAT 6= ATA in general for any
A ∈Mn×n(C), n > 2.


