
© 2020 The Coding School

Canvas attendance quiz passcode: 9045

!⃗

2⃗

32⃗ + 3 =

24 + 34
2* + 3*

⋮
26 + 36

2⃗ 	= 3
1 3 	= 1

4
2⃗ + 3 	= 3 + 1

1 + 4 = 4
5 = !⃗

3 + 2⃗ = 1 + 3
4 + 1 = 4

5 = !⃗

2⃗

3

Why is all this important!? Well it turns out that vectors and matrices are the language we use to talk about quantum computing. Quantum states are represented by vectors, 
quantum gates are represented by matrices and the application of a gate to a state is represented by matrix-vector multiplication.
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Vectors and Matrices Cheat Sheet

Two vectors can be added together. Any vector can be multiplied by a scalar.

Two matrices can be added together. Matrices can be multiplied by scalars, and by other matrices.

The transpose is an operation that flips the shape of a matrix.The conjugate transpose additionally replaces each entry with its conjugate.

The inner product is an important operation on two vectors. It can be used to find the angle between two vectors.

!⃗, : = !⃗;: = !4∗:4 + ⋯+ !6∗:6 =>!?∗:?
6

?@4

A⃗, B⃗ = A⃗ B⃗ cos θ θ = cosG4
A⃗, B⃗
A⃗ B⃗

The identity matrix has 1s along it’s diagonals and 0s elsewhere. Matrix multiplication by the identity is analogous to scalar multiplication by 1. We define the inverse of a matrix 
using the identity matrix.

H = 	
1 0
0 1

⋯ 0
⋯ 0

⋮ ⋮
0 0

⋱ ⋮
⋯ 1

K	H = H	K	 = K
A⃗	H = H	A⃗ = A⃗

KKG4 = KG4K	 = 	H

<=> 	 0 1
1 0

1
0 = 0

1|N⟩ |1⟩
N <=> 1

0

|1⟩ <=> 	 01

<=>	 0 1
1 0

P ∗ !⃗ =

P ∗ !4
P ∗ !*
⋮

P ∗ !6

P⃗ 	= 2
1

P⃗
P⃗ 2 ∗ P⃗ = 2 ∗ 2

2 ∗ 	1 = 4
2

Q + R =	

244 24*
2*4 2**

⋯ 24S
⋯ 2*S

⋮ ⋮
264 26*

⋱ ⋮
⋯ 26S

+

344 34*
3*4 3**

⋯ 34S
⋯ 3*S

⋮ ⋮
364 36*

⋱ ⋮
⋯ 36S

=

244 + 344 24* + 34*
2*4 + 3*4 2** + 3**

⋯ 24S + 34S
⋯ 2*S + 3*S

⋮ ⋮
264 + 364 26* + 36*

⋱ ⋮
⋯ 26S + 36S

P ∗ Q = P ∗

244 24*
2*4 2**

⋯ 24S
⋯ 2*S

⋮ ⋮
264 26*

⋱ ⋮
⋯ 26S

=

P ∗ 244 P ∗ 24*
P ∗ 2*4 P ∗ 2**

⋯ P ∗ 24S
⋯ P ∗ 2*S

⋮ ⋮
P ∗ 264 P ∗ 26*

⋱ ⋮
⋯ P ∗ 26S

QR =

244 24*
2*4 2**

⋯ 24S
⋯ 2*S

⋮ ⋮
264 26*

⋱ ⋮
⋯ 26S

344 34*
3*4 3**

⋯ 34T
⋯ 3*T

⋮ ⋮
3S4 3S*

⋱ ⋮
⋯ 3ST

=

2⃗4, 3⃗4 2⃗4, 3⃗*
2⃗*, 3⃗4 2⃗*, 3⃗*

⋯ 2⃗4, 3⃗T
⋯ 2⃗*, 3⃗T

⋮ ⋮
2⃗6, 3⃗4 2⃗6, 3⃗*

⋱ ⋮
⋯ 2⃗6, 3⃗T

Q + R = 10 −1
12 6 + 3 −W

1 4 =	 10 + 3 −1 − W
12 + 1 6 + 4 = 13 −1 − W

13 10

3	∗ 	X = 3 ∗ 3 −i
1 4 =	 3 ∗ 3 3 ∗ −i

3 ∗ 1 3 ∗ 4 = 9 −3i
3 12

AX = 10 −1
12 6 ∗ 3 −i

1 4 =	 10 ∗ 3 + −1 ∗ 1 10 ∗ −i + −1 ∗ 4
12 ∗ 3 + 6	 ∗ 1 12	 ∗ −i + 6	 ∗ 4 = 29 −4 − 10i

42 24	 − 12i

K\ = 	

A44 A*4
A4* A**

⋯ A64
⋯ A6*

⋮ ⋮
A4S A*S

⋱ ⋮
⋯ A6S

K = 	

A44 A4*
A*4 A**

⋯ A4S
⋯ A*S

⋮ ⋮
A64 A6*

⋱ ⋮
⋯ A6S

K; = 	

A44∗ A*4∗
A4*∗ A**∗

⋯ A64∗
⋯ A6*∗

⋮ ⋮
A4S∗ A*S∗

⋱ ⋮
⋯ A6S∗ R; 	= 3 1

W 4

]^ = 10 12
−1 6

A matrix is a rectangular array of numbers organized into rows and columns. Vectors are special cases of matrices.

K = 	

A44 A4*
A*4 A**

⋯ A4S
⋯ A*S

⋮ ⋮
A64 A6*

⋱ ⋮
⋯ A6S

X	is	an	(n	×	m)	matrix

m	columnsn	rows

Q = 10 −1
12 6 C	=

0 12
1
1

4
5

B= 3 −W
1 4

2⃗ 	= 3
1 3 	= 1

4

K = 	 2 3
P j =>  KG4 = 	 4

klGmn
j −3
−P 2

] = 	 10 −1
12 6 =>  ]G4 = 	 4

o*
6 1
−12 10

∠	!⃗ = tanG4
!,
!)

= tanG4
5
4 = 0.896	s2jW2tu

!⃗

!⃗

∠	!⃗

!⃗ 	=

!4
!*
⋮
!6

!⃗ = 	 !4* + !** + ⋯+ !6*
� !⃗ = 	 4* + 5*� = 16 + 25� = 41�

!⃗ 	= 4
5

∠	!⃗ = tanG4
!,
!)

Vectors represent a quantity that has both magnitude and direction. 

A vector of magnitude 1 is called a unit vector. A vector can be normalized to obtain a unit vector in the same direction.

A. = 1
0 B. 	= 0

1

A.
B.

!⃗
Normalize

!.!. =
!⃗
| !⃗ |

!. =
4
5
41�

!⃗ 	= 4
5

A.	 and	Bv 	are	known	as	the	{|}~~}Ä~	Å}{Ç{	vectors

2⃗, 3 = 2⃗;3 = 3	 ∗ 1 + 1 ∗ 	4 = 12

θ = cosG4 4*
4Ñ� 4o� =	0.402	radians θ

Q = 10 −1
12 6

B	= 3 −W
1 4


