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Math 1688
Tuesday, 4 January

Warm-up: Inverses.

http://theadamabrams.com/live


Schedule
  4.1 Class (today)
13.1 Class                         Group B: lecture, then midterm exam (45 min)
20.1 Class
27.1 Class

  9.2 Final exam (90 min)
16.2 Final exam (90 min) – 2nd attempt



Online quizzes/exams
Can be done by computers:

Find the distance between 
 and .

Calculate .

Find the angle between the 
vectors  and 

.

Multiply .

(4, 0, 7) (1, −9, 9)
[1,2] ⋅ [3,4]

⃗u = [4, 2]
⃗w = [−4, 6]

[−2 8 3
11 0 9] [

3
−1
−6]

Cannot:

Is  a scalar multiple of ?

If  and  and 
, find the angle 

between .

Are the planes  and 
 parallel?

If  is a  matrix and  is , 
what are the dimensions of ?

[6, 1] [18, 3]

| ⃗a | = 8 | ⃗b | = 2
⃗a ⋅ ⃗b = −16

⃗a  and  ⃗b

x + y − z = 2
2x + 2y − 4z = 7

A 3×5 B 5×4
AB



Previously: matrix multiplication



Previously: matrix multiplication



Bad math
We will never combine  and  into .[a, b] [c, d] [ac, bd]

There is the dot product: . 
The dot product of two vectors is a number. 
It only exists if the vectors have the same dimension.

[a, b] ⋅ [c, d] = ac+bd

We will never combine  and  into .  

We will never combine  and  into .

[a
b] [c

d] [ac
bd]

[a, b] [c
d] [ac

bd]

We will never combine  and  into .[a b
c d] [e f

g h] [ae bf
cg dh]



Bad math
We will never combine  and  into .[a, b] [c, d] [ac, bd]

There is the dot product: . 
The dot product of two vectors is a number. 
It only exists if the vectors have the same dimension.

[a, b] ⋅ [c, d] = ac+bd

We will never combine  and  into .[a b
c d] [e f

g h] [ae bf
cg dh]

There is matrix multiplication. [a b
c d] [e f

g h] = [ae+bg af+bh
ce+dg cf+dh].
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Identity and inverse
A square matrix has the same numbers of rows as columns.

If we use only  matrices, the matrix product  always exists. 

The  identity matrix, written  or  just , is a special matrix 
such that

 
for all  matrices .

.   .   .

In a way,  acts like the number .

n × n AB

n × n In×n In I

AI = A and IA = A
n × n A

I2×2 = [1 0
0 1] I3×3 = [

1 0 0
0 1 0
0 0 1] I4×4 = [

1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 1

]
In×n 1



Identity and inverse
With numbers, we know  and we know . 

The inverse of matrix , which we write as , is a matrix that satisfies
.

Some matrices don’t have inverses (similar to  for numbers).
We call such a matrix non-invertible.
A matrix that is not square cannot have an inverse.

If  does exist, then it is unique and  is also true.

1x = x x ⋅ x−1 = x ⋅ 1
x = 1

A A−1

AA−1 = I
0

A−1 A−1A = I







Identity and inverse
For  matrices there is a simple formula:

.

The number  is called the determinant of .

The inverse  exists if and only if the determinant of  is not .
We write  for the determinant of matrix . 
Some textbooks write , but determinants can be .

For larger square matrices,  in some way.

2 × 2

[a b
c d]

−1

=
1

ad − bc [ d −b
−c a ]

ad − bc [a b
c d]

A−1 A 0
det(A) A

|A | < 0

[ a ⋯
⋮ ⋱ ]−1 = 1

det(A) [?? ⋯
⋮ ⋱ ]



Previously: systems of eqns







A system of  linear equations with  variables can be written as a single 
matrix equation

    or     ,
where we can think of  as either  matrices or as vectors. 
The  matrix  is called the “coefficient matrix”.

If , then  is a square matrix, so it has a determinant .
If , then the solution to the system is exactly

.

n m

AX = B A ⃗x = ⃗b
X and B m × 1

n × m A

n = m A det(A)
det(A) ≠ 0

X = A−1B

Solving systems using matrices


