Or: Geometry a la Descartes.



First example — arrows

A collection of arrows
starting at the origin:

Yes, this is a vector space — R?

We can scale arrows:

We can add

(and subtract) arrows:

or

or

or s

or...

or...

or...



Second example — matrices

A collection of matrices
1 2 -1 1
over R and 2x2 M = (3 4> or N= ( 2 1/2> or...

Yes, this is a vector space — 2x2 matrices

We can scale matrices: 5 - M = <155 ;8) or —1-N= (_12 __1}2> or...

We can add o 0 3 _ 2 1
(and subtract) matrices: M+ N = (5 9/2> or M—N= (1 7/2> or...



Third example — polynomials

A collection of polynomials
over R and in X P:X2+5X or Q:—10X3+2

Yes, this is a vector space — R[X]

We can scale polynomials: 5.-P= 5X2 + 25X or -1 Q = 10X3 -2

We can add P+Q: or P_Q:
(and subtract) polynomials:  _710X3 + X2 15X 42 10X3 £ X245X -2

or...

or...

or...



For completeness: A formal definition.

A vector space V is a set, whose elements are called vectors,
together with two operations:

» Scalar multiplication A - v of vectors v € V by a scalar A € K

» Addition (and subtraction) v + w of vectors v, w € V

These operations should satisfy:

Associativity (v+w)+x=v+(w+x)
Commutativity viw=w+v

Identity 1 30 such that v+0=v =0+ v

Inverses d—vsuchthat v+ (—v)=0=(-v)+v
Compatibility (A)-v=XA-(u-v)

Identity 2 l-v=v
Distributivity 1 A(v+w)=X-v+A-w
Distributivity 2 A+p)-v=XAv4pu-v




Vector spaces can be tiny or huge

(89).(38).(81).(28)
2%2 tri 00’11’10’10
x& matrices (81) (82) (ég) (21) Only 16 elements
over Z/27 (26):(31):(22): (i)
(61):(19),(%1).(11)

Functions (f + g)(x) = f(x) + g(x) Infinite
f-R—-R (M- F)(x) = AMf(x) dimensional



| hope that was of some help.



