1.3: Vector Equations
Math 220: Linear Algebra

Vectors in R?

A matrix with one column is called a__c2 lum vecppyr  or Vedtor
2 Vi “
u= v= W= ‘f”'
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Va L e |
Vectors are mr\)o‘ | if and only if the corresponding entries are equal.

. N N f + 9 - 2 + V)
The sum of the vectors wand vis the vector Ar + v = 3. =

The scalar multiple of vector w by a real number c is the vector cw wh(ise each
W
Lo porest of wis multiplied by c. c W = : vl 4 [ I

Ex1: Given U= {3}andv [ i|f|nd
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Geometric Descriptions of R2 ™
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1.3: Vector Equations

Parallelogram Rule for Addition
Ifuandvin B2 are represented as points in the plane, then u + v corresponds to the fourth vertex of the
paralielogram whose other vertices are @, 0, and v. See Figure 3.

.1'2

Ex2: Given U= 1} and V=[4J,
) 2 |
draw their vectors and the following.
[~ el
a) utv = S]
L O '
3 <
b) 3u = -6 -5
A i
1 2]
—=V =
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Vectors in R3

¢ Vectors in R” %
u=|"
D 2& U
n
2>
The Zero vector has entries of all zero,

“denoted by 0 or o
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1.3: Vector Equations

Algebraic Properties of B™

Faorallw, v, win IB™ and all scalars cand o

fu+v¥=v+u
(ijfu+v)+w=ut(v+w)

fiifu+0=0+u=1u

{iviu+ (—u)} = —u+ u = 0, where —u denotes (—1)u
(Wie{u+ v) = cu+cv - s
~7 = V 4 A
(i} (e + d) cu + du D RLT - TLl
fvilye(du) = (ed)u
‘ ‘ ‘ g o~ N — .
fwiii) lut = 1 (v.) ----->@<c-aam e V) = CN + eV
,P-f‘bbf,
-
Prove (i) and (v) ié.t An,v €1 ard  Scalop
(D <laim: B4V VEm e he gve
proof. 2 there exists Gy, up ard
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fee &,V eR be gier Vi, Ve St
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2 dhere exise M, AL, - ) . ' Vi
toe C-L:i -+ 3} = & ( - \)
ar)d v1_,./-,'V,J j’t‘ '
Up V.
A4, V) .
- : Mg+ VY
eV = . + = C \V 1?‘— ‘
U vy MU+ Vo
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1.3: Vector Equations
Linear Combinations
Given vectors vy, v, ..., ¥p inE" and given scalars e, €3, ..., cp, the vector y defined by
Y=V +“'+vap

is called a linear combination ofvy,..., vy with weights ¢3,..., 5.

. . . \ =11 I
Ex 3: The figure identifies selected linear combinations of v =!£ i] and v, =| 12 !
; L

T_%“(‘ I.“‘L\J \/(.L

Ex 4: Determine whether b can be written as a linear combination of a,,a,,a,.




<J ‘-\’) 4 5‘6.«5 = 2
CZ- - L‘]C} = 3
= £y =T - 243 < 2 B
¢y = 3 (Free) .9 3 ‘
., B M,.) be writtey os o
> . A, Thew ocwre 4

(i posy combPatior
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1.3: Vector Equations

Avector equation
z18; + 282+ -+ T8y = b
has the same solution set as the linear system whose augmented matrix is
2z as --- a, b (5)

In particular, b can be generated by a linear combination of a4,. .., &y ifand only if there exists a solution to the
linear system corresponding to the matrix (5).

Definition
f¥y,..., vy arein ™, then the setofall linear combinations of vy, ..., v, is denoted by Span {vq,...,vp}

and is called the subset of K" spanned (or generated) by vy,..., vy, Thatis, Span {vy,...,vp} isthe
collection of all vectors that can be writtan in the form

Qv+ Vet -+ cpVyp
with €3,...,¢p Stalars. ) .
4}),5 recrs thepre exist <i,., P
. - -
S.& <, \/' -+ ., + C-f Vo = b
(?
be Span{vl,vza...vp}. €

Jra/slatres B 75 comtaived i tha S
on B i5 ar elemest of +he. spaw
Every scalar multiple of individual vectors, CVk c 5Pa\+J be cause

- = P2 o =
cV,.= OV + OVp & OV, = + O\/LT"*-,,-?OZ
for lk=1,2, ., ¢

Geometric Description of Span {V} and Span {u,v} .f*fyv;cpé-é’) f)-" 3 oire.
] . 4 Vo hain
Xq -“"‘\’\@ s)aav mi;-\ e YLy POJ‘C“’-\& ; "‘i‘}i'@ .
x‘ & < -
& Pe Moo et 3 Span{u, v) s5p ar S o plave.,
Span{v} Vecder g =
i - i
Y o "lire,
Xy
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1.3: Vector Equations

1 3 -1
Ex5: Leta,=| 3 [,a,=/10|,andb=| 4 |. Span{al,az} is a plane in R3.
-2 —4 2

Is b in that plane?

voo3 oo 0 co 2 Sigtest
reet (13 10 H i) =10 0| & cyshn,
e o o |
4f)69 ﬁ% S}QGVZaijaz.}S
1 —3
Ex6: Letwv; = A ,va= 1
~2 8

For what value(s) of his y in the plane generated by vi and v,?

3 h
o ) -5
=) g -3 2., + L&) 3L,

Ny -3 h

o 2. =3+1h {ZB-ZQQ_’?.{L;

,.‘ -3 h
o j "5
© o Fe2h
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5o Vo im0 b plave iFF he -3/,
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