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Tuple Form: An Alternative Notation for Vectors

When working with vectors, writing them as column vectors may take up too
much vertical space.

Instead, using the tuple form is an alternative notation that conserves vertical
space:

1 —1
w=(1.23.4)= | 5 v=(-1.05-3)=| o
4 -3

Of course, vector addition & scalar multiplication behave exactly the same:
— u+v= (1a25374) + (_1,0,5, _3) = (0’2587 1)
— 7u=(7,14,21,28) and —3v=(3,0,—15,9)

Here’s what the zero vector looks like in this case: 0 = (0,0,0,0) =

(=R

)
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Vector Space (Definition)

Definition

(Vector Space)

Let V be a set on which vector addition and scalar multiplication are defined.
Then V is a vector space if these axioms hold Vu,v,w € V and Vo, € R:

ut+veV
aveV
0V

Closure under Addition)
Closure under Scalar Multiplication)
Containment of the Zero Vector)

ut+v=v+u
ut+ (v+w)=(u+v)+w

v+0=v
v+ (—v)=0

Commutativity of Vector Addition)
Associativity of Vector Addition)

Vector + Its Additive Inverse = Additive Identity)

afa+v) =au+ av
(a+ B)v=av+pv
a(BV) = (aB)v
I(v)=v

Scalar Mult. Distributes over Vector Addition)
Scalar Mult. Distributes over Scalar Addition)
Associativity of Scalar Multiplication)

(
(
(
(
(
(Additive Identity = Zero Vector)
(
(
(
(
(Scalar Multiplicative Identity)
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Common Vector Spaces

R

R2
R3
R”
Rmxn
Rrxn

Set of all real numbers (scalars)

Set of all ordered pairs (2-wide vectors)
Set of all ordered triples (3-wide vectors)
Set of all ordered n-tuples (n-wide vectors)
Set of all m x n matrices

Set of all n x n square matrices

Set of all polynomials

Set of all polynomials of degree n or less
Set of all continuous functions on [a, b]

Set of all differentiable functions on [a, b
Set of all twice-differentiable fcns on [a, ]
Set of all continuous functions on (—oo, c0)

REMARK: Always assume that the operations of vector addition & scalar
multiplication are the standard definitions.

One could define these operations in other ways, but such scenarios are dealt
with extensively in Abstract Algebra. (MATH 3360)
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Common Vector Spaces

VECTOR SPACE | EXAMPLE "VECTORS” ”ZERO VECTOR”
R Scalars: a = —3/2,b=+2,c=m 0
R? Vectors: u = (—3,4),v = (V2,7) 0=(0,0)
R3 Vectors: (1,1,1),(v2,m,—1) 0 = (0,0,0)
T 1 2 ] [0 0
R3x2 3 x2Matrices: A=| -3 /5 O3o=10 0
| -7 1/6 0 0 |
. 1 2 0 0
R2x2 2 x 2 Matrices: B = 3 5 Oryr = 0 0|
P, Polynomials: p(r) = 3,q(t) =4 — 2t Z2(t) =0+ 0t
P, Polynomials: 3,4 —2t,5 4+t — 7¢ z(t) = 0+ 0t + 072
P; Polynomials: 3 — 4t 4 27> + 5¢° 0+ 0t + 07> + 0F
C[0,1] Functions: x?,sinx, v1+x, =5 z(x) =00n0,1]
C(—o00,00) Functions: x?,sinx, e*, /x, |x| 72(x) =0
C!(—00, ) Functions: f(x) = 2, sinx, ¢* Z(x) =0

REMARK: Always assume that the operations of vector addition & scalar
multiplication are the standard definitions.
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Establishing that a Set is a Vector Space (Example)

WEX 4-2-1: Show that S := {[ g ] tx € IR{} is a vector space.
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Establishing that a Set is a Vector Space (Example)

WEX 4-2-1: Show that S := {[ g ] (X E R} is a vector space.

X1

First, realize that for x = [ } tobeinsets, x, =0.

x
i.e., the 2"¢ component of a vector must be zero.
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Establishing that a Set is a Vector Space (Example)

WEX 4-2-1: Show that § :=

—

[ ] x € R} is a vector space.

Letu:[bg]es,v:[vl ] eS,w:{v(V)1 ] eS,and o, € R. Then:

Closure of Vector Addition: u +v = { '6‘ } + [ Vi } = [ v ] es

Closure of Scalar Multiplication: av = « [ ‘8 } = [ avi ] €S

Containment of Zero Vector: 0 = [ 8 ] IS
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Establishing that a Set is a Vector Space (Example)

WEX 4-2-1: Show that S := {[ g ] (X € R} is a vector space.

Letu:[bg]es,v=[‘8]es,w:{vgl ] e€S,and o, € R. Then:

0 0 }:v—l—u

Commutativity of Vector Addition: u + v = [ itV } = [ Vit

Associativity of Vector Addition:

up + (vi +wi) ] _ { (uy +vi) +wy

0 0 }—(u+v)+w

u+t (v+w) = {

Additive Identity: v+ 0 = [ v10+0 ] = [ ‘8 ] =V

}:6
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Establishing that a Set is a Vector Space (Example)

WEX 4-2-1: Show that S := {[ )(; ] (X E R} is a vector space.

Letu_['g]es,v_ ‘S]ES,W—{M(})I e€S,and o, € R. Then:

Distribution of SM over VA: a(u+v) =a | ?)Lvl } = [ a(”;ul) } =

oo | fen ] L ][] 0T
Distribution of SM over SA: (a+B)v = (a—|—ﬁ; [ " ] _ | (@t Bm } -
_MIz)LﬁVI ]: _agl _+[ﬂ(§l ]:O‘[vol }W[Vg ]=aV+BV
Associativity of SM: a () — (5[ n D a[ B ] _ [ abvy ] _

[ =@ [ ] =@

Scalar Multiplicative Identity: 1(v) = 1 [ i ] _ [ 1) ] _ [ i } —v

0

Josh Engwer (TTU) Vector Spaces 30 September 2015 10/18



Establishing that a Set is not a Vector Space

As just witnessed, showing that a set is a vector space is long & tedious.

Fortunately, showing that a set is hot a vector space is far less tedious:

Corollary
(When a Set is not a Vector Space)
A set S is not a vector space if at least one of the following is true:

@ The zero vector is not in the set: 0 ¢S

@ The additive inverse is not in the set: ve S and —v &S

@ Closure of Vector Addition fails: Ju,v €S suchthat u+v¢s$s

@ Closure of Scalar Multiplication fails: 3v e S,a € R such that av ¢ S

4

REMARK: Always assume that the operations of vector addition & scalar
multiplication are the standard definitions.

One could define these operations in other ways, but such scenarios are dealt
with extensively in Abstract Algebra.
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Showing that a Set is nhot a Vector Space (Example)

WEX 4-2-2: Show that S := {(x1,x2,1) : x1,x, € R} is not a vector space.
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Showing that a Set is nhot a Vector Space (Example)

WEX 4-2-2: Show that S := {(x1,x2, 1) : x1,x, € R} is not a vector space.

There are three ways to show this, but writing only one of them is sufficient:

(First way)

First, realize that for vector x = (x1, x2,x3) to be in set S, x3 = 1.
i.e., the 3" component of the vector must be one.

However, observe that the zero vector 0 = (0,0,0) & §
(Since 3 component of 0 is zero, not one)

Therefore, | S is not a vector space ‘
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Showing that a Set is nhot a Vector Space (Example)

WEX 4-2-2: Show that S := {(x1,x2,1) : x1,x, € R} is not a vector space.
There are three ways to show this, but writing only one of them is sufficient:
(Second way)

First, realize that for vector x = (x1,x2,x3) to be in set S, x; = 1.
i.e., the 3" component of the vector must be one.

Letu=(1,2,1)eS,v=(-1,0,1) e S
Then,u+v=(1,2,1) 4+ (=1,0,1) = (1 +(=1),2+0,1 4+ 1) = (0,2,2) € §
(Since 3" component of (0,2,2) is two, not one)

Therefore, ‘S is hot a vector space ‘
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Showing that a Set is nhot a Vector Space (Example)

WEX 4-2-2: Show that S := {(x1,x2,1) : x1,x, € R} is not a vector space.

There are three ways to show this, but writing only one of them is sufficient:

(Third way)

First, realize that for vector x = (x1,x2,x3) to be in set S, x; = 1.
i.e., the 3" component of the vector must be one.

Letv=(5,2,1) S and a =4
Then, av =4(5,2,1) = (4-5,4-2,4-1) = (20,8,4) £ S
(Since 3" component of (20, 8,4) is four, not one)

Therefore, ‘S is hot a vector space ‘
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Showing that a Set is nhot a Vector Space (Example)

WEX 4-2-3: Show that S := {[ g 2 } ca,d € Q} is not a vector space.
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Showing that a Set is nhot a Vector Space (Example)

a 0

WEX 4-2-3: ShowthatS:{[ 0 d

} ca,d € Q} is not a vector space.

apnn  diz

First, realize that for matrix A = [ } to be in set S,

az; an
app = ax; = 0 and a;; & azy, must both be rational.

i.e., the (1,2)-entry & (2,1)-entry of a 2x2 matrix must both be zero,
and the (1,1)-entry & (2,2)-entry must both be rational.

1
0

L1 0] T WS ] [ V5 oo
"‘A*@[O ] {m)m (é)(@][ 0 “f]“
2

(Since the (1,1)-entry & (2,2)-entry of aA are not rational)

LetA_{

W= O

} €S and a =+/5. Then:

3

Therefore, ‘S is not a vector space \
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