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Definition

1. Linear Transformation (Vector Space Homomorphism)
T:V-Ww
(a) Yu,veV:T(u+v)=T(u)+T(v), (T isadditive),
(b) YVke FYveV :T(kv)=kT(v), (T ishomogeneous).

T := function

V., W = vector spaces over F'
[ = field

1]

Example
2. Dilation

S:V -V such that Yo eV, VmeR, S(v) =mwv

S = function
V' := vector space over R

1]



Prerequisites

3. Vector Space over a Field (F-vector space)
(V7 fa D, )

(a) (V,®) := commutative group

(b) Closure under (left) scalar multiplication:
VkeF, YveV., kveV

(c) Scalar (left) multiplication identity: (1€ F, veV) - (1lv =v)

(d) Associativity of (left) scalar multiplication:
VikeF', veV, (jk)v=j(kv)

(e) (left) Distributivity of 1 scalar over 2 vectors:
VkeF, vyweV, k(v+w)=kv+kw

(f) (left) Distributivity of 2 scalars over 1 vector:
VikeF, veV, (j+k)v=jv+kv

V. F = sets

F := field

@ := binary operation on V'

-:= scalar multiplication (between elements of F' and V)
2 FxV >V

F=(F,+,-)

+ : binary operation on £’

-:= binary operation on F

[1,2]



(F7+7°)

F = set, F* = F\{0}
+,- := binary operations on F' (addition and multiplication)
0:= addltlve identity, 1 := multiplicative identity

[1,2]

. Group
(G, *)

a) Associativity: Vo,y,z€ G, (zxy)r»z=x* (y > 2)
b) Identity: dee G:VreG, exx=x*xe==x

(
(

(c) Inverse: Ve e G IyeG: xry=y*x=e
G =
* bmary operation
[1]

. Commutative group (Abelian)
Gy

V1,92 € Gb, 9192 = G201
Gy == group

2]



7. Distributive
Ve,y,ze R:x-(y+2)=x-y+x-2 left distributive

Ve,y,ze R: (y+z2)-z=y-x+z-x right distributive
[1-3]

8. Homomorphism
fh
(a) fi:G~H
Va,ye G: fM(z+y) = f*(x) o f'(y)
fh:= function
G, H := sets

*, 0 := binary operations

(G, *), (H, o) := groups
1,2,4]

9. Function from A to B
f:A-> B
Vae A3beB ((a,b) € f)

f, A, B = sets
3! := exists exactly one
(a,b) := ordered pair

5]



10. Cartesian product
AxB={(a,b)|acA, be B}

A, B := sets
A x B := Cartesian product
(a,b) := ordered pair

5]

11. Ordered pair
(a,b) = {{a},{a,b}}

a := first coordinate
b := second coordinate

[1,5]

12. Binary operation

*x:9x S5 -> 8
S = set
S x S := Cartesian product
[1]
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