Summary: Vector operations so far Entry Task: a=<3,1,2>

cv = “vector parallel to v with b=-i+6j+5k @-?
length scaled by factor of ¢” Compute b =<, 6,5S
@ b mosto e
a + b ="“if aand b are drawn tail-to- head, dot Surmh sl ¢
then a + b is the vector that goes < 23,),2>. <—(} (o/ S)H .
from the tail of a to the head of b”
(resultant/combined force) (31D +(1)(6) +( ZDC.6)

-3+ L + 10 =[13]

det prodocit-
| O

12.3 Dot Products (new)

If a=<aj, az, a3 >and b =<b, by, b3>

Then we define the dot product by:
a-b-= a1b1 + azbz + a3b3

The dot product gives a number (scalar).



Basic fact list:

= Manipulation facts = Helpful side fact:
(like regular multiplication): =a-a=a‘f+ai+as=|al?
*a-b=b-a

"a-(b+c)=a-b+a-c o= <3,2,45>

"c(a-b)=(ca)-b= a- (cb) 3,2, 4> '<?>,2,"+>
=(a+b)-(a+b)=7??

[ Foi 3%+2°+4° = _
2. .o T o)  (ragnitudd)
lal*= &.q



The most important fact:

a-b = |a||b|cos(8), = b-a
where 0 is the smallest angle > b
- <

betweena and b. (0 < 6 < ) 0 _—

( .
W\ﬂ \t:? Veckta s moest pe ta)l

Something to think about s

Proof (not required): What does it mean when... T
(1) By ;he LaWZOf COS;”eS: - the dot product is positive? Qe
b —al” = lal” + |b]” - 2[a]|b] cos(6) - the dot product is negative? OotTUS€
The left-hand side expands to - the dot product is zero? rerperlicsiar
Ib—al?2=(b—a)(b—a) ab=ord=4 Ja|={z
=b-b—2a-b+a-a -
= |b|? - 2a-b + |a|? ; o [=F
Subtracting |a|? + |b|? from both sides of cL1S =&
(1) yields: o <°H>

—2a-b = —2]al|b| cos(0).

Divide by -2 to get the result. (QED — —
yeme (QED) o — (m]]bl cos®
L

= (2 COS&
crs6= [6=T/4]




perpe ndicoroy -
Most important consequence: Example:
If a and b areCorthogonal) then Find a vector that is orthogonal to

a-b=0. the tangent lineto y = x3e(®*2) 3t
X = N\
| ofF
Also: If a and b are parallel, then w - ?,;,p:@ x.—_\cms
a-b = |allbl ora-b = —|a|[bl. v>/ o9 36t
-— S y + 3Xze Q2><—'2)
v #‘L.jl - Q )

vd
- 5
<L, 2> = o U= comonyd e siepess - o
_ - N=<i,5> 5 Po:fGJ\e\ '\"b
<£3,2,-9% = v
S
C

—3
W = LOX,D
L =C,U, \> = ’ < - ,1>
CCH v <
~ S C/Vtavnjelﬁ\gn) S, ~|

o-- ¢ = 0O

4wa Nectors on top
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Exploring Dot Products and Projections (d)Now consider the right triangle

Consider you get by projecting v onto u.
u=(1,2,0)and v = (0, 2, 3). What is the length of the adjacent
(a) What is the dot product? side of that right triangle?

CLCO) + 2D 2) + (D)

(b) Find the angle between the
_vectors. _
Ve [AllV]coss \

Y =(trziro(Jo+grq) CoOSS pm\sec,’Y\QV\

(c) Give me an example of a vector

w = (a, b, c) that is
orthogonal tou = (1,2,0)?

Visual: https://www.math3d.org/fSfgCgmvW



https://www.math3d.org/fSfgCqmvW

Scalar/Componeft Projection

/K" ting ’PV@&C:‘:MJ

a-b
comp,(b) = ——
'~ N\
‘ A “é‘(—)}npa(b) (a negative number)
ovtvude
Cos8 = _L =3 > L2 S
L=lolcese a.v=]|dllelcose

| gy
L= a-% K A

| o |
Vector Projection
scadt Lt vector
i () a-b(l ')
ro =—|—a
Prolat® = Tal \lal
a-b
=— a
a-a

proja(b) (a vector)

Visual: https://www.math3d.org/LDw4RPUy



https://www.math3d.org/LDw4RPUy

