Running head: VECTOR SPACES 								1
VECTOR SPACES										         5
[bookmark: _GoBack]








Vector Spaces
Name of Student
Name of Institution

























A1. 

A vector space is a set of elements that can be added and multiplied with scalars in operations that satisfy the following laws under addition closure, associativity, commutative, additive inverse and identity law, closure and associativity under scalar multiplication, distributivity of vector and scalar sums and scalar multiplication identity. 

Closure under addition
Let X and Y in R2 be represented by (x1, x2) and (y1, y2).
hence y = 2x + 1
(y1, y2)= 2(x1, x2) + 1  By substituting the coordinate form of vectors.
  (y1, y2) - (2x1, 2x2) = 1
     -(y1, y2) + (2x1, 2x2) = -1
which proves that V is not a vector space since when (a,b) ∈R2  then 
  (a1, a2) + (b1, b2) = (a1 + b1 , a2 + b2)
Associativity of vector addition
   The law states that (X +Y)+Z = X + (Y+ Z)
This shows that the order in which the vectors are added does not affect the result
Let the vectors x,y,and z ∈ R2 be (x1,x2), (y1,y2) and (z1,z2)
      through vector addition 
((x1,x2) + (y1,y2)) + (z1,z2) = X + (Y+ Z)
= (x1 + y1,x2 + y2) + (z1,z2)
    ((x1 + y1) + z1,(x2 + y2) + z2) 
    (x1 + (y1 + z1), x2 + (y2 + z2))
    (x1,x2) + (y1 + z1,y2 + z2) 
    (x1,x2) + ((y1,y2) + (z1,z2)) = X + (Y+ Z)
Hence the proof that the result of vector addition is not affected by the order of vectors.
Commutative law
  According to the law
     X + Y = Y + X
Given (x,y) ∈ R2  and y = 2x + 1
      y-2x = 1
      -(y1, y2) + 2(x1,x2) = -1  By substituting the coordinate form of vectors.
        2(x1,x2) - (y1, y2) = -1
which shows that the commutative law holds.

Additive identity law
the law states that IF vector say x belongs to a vector space V then
 x + 0 = x
Our vector space V = {(x,y) ∈ R2 | y = 2x +1
   taking y   (y1, y2 ) + 0 = (y1, y2 )
Hence the law is satisfied.

Additive Inverse law
When x ∈ V then x +(-x) = 0
V = {(x,y) ∈ R2 | y = 2x +1
then 
 (x1, x2) + (-(x1, x2)) = 0 By substituting the coordinate form of vectors.
hence the law is satisfied

Scalar Multiplication
 The law states that if x ∈ V and w is a scalar then wx ε V
   V = {(x,y) ∈ R2 | y = 2x +1
   given w = 2
   2(x1, x2) = (2x1, 2x2) ∈ V
Hence the law is satisfied

Associativity of scalar multiplication
The law states r(sX) = rsX ∈ V
let r=2 and s=3
then 2(3(x1, x2) = 6(x1, x2) through scalar multiplication
            = (6x1, 6x2) ∈ V

Distributivity of vector sums 
 r(X + Y) = rX + rY 
The LHS = r(x1, x2) + r(y1, y2)
                 (rx1, rx2) + (ry1, ry2)= (rx1 + ry1, rx2 + ry2)
      RHS = r(x1, x2) + r(y1, y2) 
                 (rx1, rx2) + (ry1, ry2)= (rx1 + ry1, rx2 + ry2)
Since both sides are the same then the law is satisfied.
Distributivity of Scalar sums
V = {(x,y) ∈ R2 | y = 2x +1
Given that XεV and p and q are scalars
 (p + q)X = pX + qX 
 then  LHS = (p + q)( x1, x2) by substituting the coordinate form of vectors
                   (p + q)x1, (p + q)x2 = (px1 + qx1 , px2 + qx2)
          RHS = pX +qX
                 = p(x1, x2) + q(x1, x2)
                     (px1, px2)+ (qx1, qx2)= px1 + qx1 , px2 + qx2)
Since both sides are equal then the law is satisfied. 

Scalar multiplication identity 
V = {(x,y) ∈ R2 | y = 2x +1
 Since X ∈ V and it is a two dimensional then 
X = (x1, x2)
The law states the 1X=X
1*(x1, x2) = (x1, x2)
Hence the law is satisfied.         
Most of the conditions for a vector to be a vector space are satisfied except closure under addition. Therefore V is not a vector space.

a)

Conditions of a non trivial subspace
A nontrivial subspace S of a vector space V is a subset of V, which 
a) contains {0}  
b) At Least one other non-zero vector that is closed under addition
  if vector u,v ∈ S then u+v ∈ S 
c) and under scalar multiplication. 
     if v ∈ S and a is a scalar then av ∈ S. 

Given that L = {(x,y) ∈ R2 | y = mx +b
m is any non-zero real number and b is any real number 
taking m = 1 and b= 0
then y = 2x
prove L is non-trivial subset 
     when x | y
              0 | 0
              2 | 4
              3 | 6
              1 | 2
             -1| -2
[image: ]
When m = 1 and b=0 then the above are some of the vectors in the subset L.  
Is L a Subset of R2 
∀x∈L ⇒ x∈ R2  and therefore L is a subset of R2 
For L to be a subspace we must check:
1) {0} exists
2) closed under addition
3) closed under scalar multiplication

1) (0,0) from the above vectors then (0,0) ∈ L

2)Consider (1,2) and (2,4) ∈ L
     then (1,2) + (2,4) ∈ L
               (3,6) ∈ L
3) Consider (1,2) and a scalar f= 2
  then f . (1,2) = (2,4) ∈ L 
Since the three conditions are satisfied then L is a non-trivial subspace of R2.
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