Specification of Vectors and Matrices
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1 Vector2D

1.1 Addition

Here is the general rule:

U= (Ug, Uy)
v = (U;C,’Uy)
U+ U= (Ugy + Vg, Uy + Vy)

Here is a specific example:

i =(3,4)
7= (5,12)

T+7T=(3+54+12)
= (8,16)

1.2 Subtraction

Here is the general rule:

i = (3,4)

7= (5,12)
T—ii=(5—3,12—4)

=(2,8)



1.3 Multiplication by a scalar

Here is the general rule:

U= (Ug, Uy)

scaleFactor x @ = (scaleFactor X uy, scaleFactor X u,)

Here is a specific example:

u=(3,4)
24 = (6,8
1.4 Dot product
Here is the general rule:
U= (g, Uy)
U= (vy,vy)
U U = Uy Uy + UyVy
Here is a specific example:
a=(3,4)
v =(5,12)
U-v=3-5+4-12
=15+148
=63

@ -0 = |u]|V] cosyp where ¢ is the angle between the vectors

1.5 Magnitude

Here is the general rule:



Here is a specific example:

1.6 Normalize
Here is the general rule:

U= (Ug, Uy)
1

7:L == jﬁ
|l

Here is a specific example:

i = (3,4)
] =5
o1
U= =u
|l
3 4

2 Vector3D

Here is the general rule:

2.1 Addition

(uz7uy7uz)
(’Ul'? vavz)

U+ U= (Ug + Vg, Uy + vy, U + 02)

u=
/17 =
Here is a specific example:

U+



2.2 Subtraction

Here is the general rule:

<y
|

2.3 Multiplication by a scalar
Here is the general rule:
U = (ug, uy)

scaleFactor x @ = (scaleFactor x uy, scaleFactor X uy)

Here is a specific example:

2.4 Dot product
Here is the general rule:
= (Um7 Uy uz)

= (U;L'vvy; Uz)

Uz Vg + UyVy + ULV,

[STRRSTI ]
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Here is a specific example:

i=(1,2,3)

7= (4,5,6)
@-7=1-4+2-54+3-6

=4+10+18

=30

- U = |t]|U] costp where 1 is the angle between the vectors



2.5 Magnitude

Here is the general rule:

U= (Ug, Uy, Uz)

= o
=Viu-u
Here is a specific example:
= (1,2,2)
|t = V1% +22 422
=v1+4+4
=9
=3
2.6 Normalize
Here is the general rule:
U = (Ug, Uy, uz)
o1
U= u
||
Uy Uy

’ )
\/u§+u?2/+u§ \/ug—i—u%—i—ug

Here is a specific example:

i=(1,2,2)
@ =3
A
U= -u
|
12 2
- (ga ga g)
3 Matrix2x2
3.1 Special 2 x 2 matrices
3.1.1 Identity
1 0
=[]

ot



3.1.2 Rotation

Here is the general rule:

| cosyp —siny
R(y) = [ siny  cos }

Here is a specific example:
0 -1
R =] ]
3.1.3 Scaling

S(s0,5) = [ Y }

Sy

3

3.2 Multiplication: matrix X matrix

Here is a specific example:

5(2,2) =

(el \V]

Here is the general rule:

[ agy @
A — | @oo 01]

| a0 an

[ boo oy
B =

| bio b1

AB — [ (a0oboo + ao1bro)  (acobor + ao1bin)
| (a10boo + a11b10)  (aiobor + a11b11)

Here is a specific example: A rotation by 30° (7/6 radians) followed by a
rotation by 60° (7/3 radians) produces the same result as a single rotation by
90° (7/2 radians).

- [ v3 1

-4 4

T : 1 _ 3

E=[1 )
R(Z) R(5) = R(3)



3.3 Multiplication: matrix x vector

Here is the general rule:

a a
A— 00 @01
| @i0 Q11 |
I BTN }
v =
L vy)
~ a a v
AG = 00 @01 x
| @10 Q11 | | Uy
_ aopoVz + ap1Vy
| 10Uz + A11Vy

Here is a specific example:

3.4 Determinant

Here is the general rule:

a10 a1l

A= { apo a1 }

|A\ = Gppa11 — G10G01

Here is a specific example:

3 2
=153
|A|=3-8—2-6
=24 —-12
=12
3.5 Inverse
Here is the general rule:
a b
a=[¢ 4]
1 d —-b
Al = —
|A] { —c a }
AATL =T



Here is a specific example:

3 2
A:[68
1
=] s
1 8
Alzm[—a
2 1
A=
2 4
3 2 2 -4 10
o sl =0t

4 Matrix3x3

4.1 Special 3 x 3 matrices

4.1.1 Identity

~
I

O O =

o = O

= O O

4.1.2 Rotation about the x-axis

1 0 0
Ry(¥)=1] 0 cosy —siny
0 singy cos Y

4.1.3 Rotation about the y-axis

costy 0 sing
R, () = 01 0
—siny 0 cosy

4.1.4 Rotation about the z-axis

cosy —siny 0
R.(¢)=| sinyy cosyp 0O
0 0 1



4.1.5 Scaling

s, 0 O
S(8z,8y,8:)=1] 0 s, O
0 0 s,

4.2 Multiplication: matrix x matrix

ago
A= a
a0
boo
B= b
| b20
C=AB

ap1
a1
a21

bo1
b1
ba1

ap2
@12
a22

bo2
bi2
bao

[ (aooboo + ao1bio + ao2boo)  (
= | (@10boo + a11b10 + a12b20) (@10bo1 + a11b11 + a12b21)
| (a20boo + a21b10 + a22bz0)  (

aopobo1 + aog1b11 + ag2bar)

a20bo1 + a21b11 + azzbar)

(@oobo2 + aop1bi2 + ap2baz)
(@10bo2 + a11b12 + a12b22)
(a20bo2 + a21b12 + a22ba2)

Let ¢;; be the element in the i*" row and j column of the 3 x 3 matrix
C'. Similarly, let a;; and b;; be elements of the 3 x 3 matrices A and B whose
product is C.

Then. ..

2
cij = E ik by
k=0

= a0 boj + a;1 b1j + ai2 by

4.3 Multiplication: matrix x vector

apo aor  @o2

aijp ailz a2

a0 Q21 Q22

Vo

U1

V2

apo Yo + ap1 V1 + Aoz V2
a1o Vo + ai; v1 + a2 v2
Q20 Yo + @21 V1 + A22 U2

. . — . 2
The element in the it" row of A7 is Y b Qik Vk-



