Lecture 29. Le\ngﬂ(\ ond orﬂnogomlim of vectors

D_e% Congider o vector
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G

) The |em3+h (or norm) of V is

I¥]:= 03 +05+ - +0%

2 If V has |en3+\m |, it is called o unit vector.

Note The |e\/\3+\n of o vector in IR™ comes from fhe Pgﬂmaoreaﬂ theorem .

P_\C W is a wmultiple of V= W is in the direction of V

V hos Ie\/\gﬂr\ vl = G:HVH has Ie\ngﬂm H—H:|

2
eq V=[-1|= [IVII={2+¢1)+27=3
2

| _ .
:M’:gv‘ is o unit vector in the direction of V
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% Consider Two vectors

—O\l_ —bl—
v=| %] and w=| "
Re b

(1) The distonce between ¥V ond W is

V
V=W =\(0:=b1)*+ (0a—ba)+ -~ +(0n—bn)* Lﬁ

W

) The dot product (or inner product ) of V and W is

—

VW=V W =0bi+02bst - +0nbn

3) V ond W are orﬂ\ogoml if we have V-w=0
Note Alternatively, we may write

VW = IVIHIW] cos® 6

gl

where © is the (mgle between V ond W

V ond W are orﬂ\ogoml &V W=0E cosh=0& 92%

Prop  Given vectors u,V,welR" 4he \Co\\owmg identities hold .

m vl=v-v

) V'W=W-V
3) W (V+tw)l=u-v+uw
Note

We can use these identities for many algebraic computations

eq (VW) (V-W) =V T+ W -w-v-w-w = VI - IR



Ex  Consider the vectors

3 5
V=|-1| and W=|2
| 3

) Find the distonce between V and W

Sol IV=W[ ={(3=5)+ (1= +(1=3)* =2+ *+(-2)* =\a =3

(2) Determine whether the vector

-

s orﬂ\oaomﬂ to both V ond W.

Sol WV =13+4(-)+1-1=0
W

-'5+4-(2)+1-3=0

= W is \orﬂﬁogoml to both V and W\

(3) Determine whether W is orﬂnogom| to 4V-3W .

Sol W-(4V-3W)=4UW-V-3X-W=0

| |
0 0

= U is 'orﬂ(\ogoml to 47—37\))'

Note Tn fact, we con opply the some orqument to show thot W is

orﬂxoaoml to every linear combination of V and W



Eﬁ Find o unit vector & which s orﬂxogowd to the vectors

3 4
V=2 od W=l 1|
-4 8

Sol  We first find a vector X which is orﬂnogomd to both V and W.
We wont V-X =0 and V-X =0
;\’ AXi+2X2—=4X3 =0 QV\C& 4Xi+ X2+ 8X3=0

Hence we solve +the eaouaﬁom AX =T for

324 |@Do 4
A= [4 | 8} with RREF(F\){D@_J.

* A hos 7 QV\& W 0SS rows

X, +4¥%;=0 X =-4X -4
i TS { TSR=t|8
Xo—8X3=0 Xo= X5 |

=t

4
Toke t=1: %= |:8:| = Xl = \{(4+8+1* =9
|

Note (1) We con toke 0Ny  Nonzero value for £ as it does not offect

the direction of X.
() Alternatively, we may use the cross product to find

-
N V XW

U= —
IV x W]

However, the cross product is defined only for IR,



