
12.3 The Dot Product

Def : I = (ai
, az.az>

I = ( b, .bz, bz>

a- • I = ab, + azbz + asbz

Multiply two vectors
,
get ascalon

.

This depends on having picked coordinates
.

But : a-• a- = ait ai +of = toil?

This depends only on the length scale .

Iñ -IF tai - a- • 5- I.a- +151
'

a-I -- { [ lñltlbt- lñ-it]
it depends only on the length scale .



Law of cosines : ←
a

2 ab cos ② = a2 + 5- c-

a-.I= lñllb / cos 0 Of -0ft

r
!=o, done¥. ② =ñ, easy

§. } = 1.0+0.1+0.0 = 0

I.I = 0.0+1-0+0.1 = 0

I. I = 0.1 + 0.0+1.0 = 0

cos 0=0 in each case

⇒ 0=1172 ⇒
B-
, perp



Fundamental Property of Dot Product :

a- • I = 0 iff a-1- I

secondary Property of Dot Product

ñca = 1812

-

a-I > 0 : cos①> 0 ,
acute

E. 5<0 : cos0<0
,

obtuse

E-
I
-

E. g. Find the angle in radius between



a- = 41,2, 3>

I = ( -1,2, I>
i.5=-1+4+3--6

Cosa E.li/al2--ltt+9--l4la4lbl
1512--11-4+1=6

→=r¥=E

② = areas(Fe)
= 0.857 rad

= 49. I
°



Direction cosines :

→ vi. E= talk / cos0
→

←c-

angle between vector

and positive x-axis

we call cost the direction cosine

associated with the x-axis

(Q ib direction angle, less common)

ii.i-lulcosOE-lui.az
, as> ⇒ ÑiÉ= a

,

ñ= ( hit cos Qx, lñlcosoy , lñlcos Oz>



= Iñl ( cos_Q
,
cosOy / Cos -02-3

¥1T = ( cosOx, cos-0g , cos -02-7-
↳ unit vector of direction cosines

Text Q×=x
,
0
, =p, -02=-8.

ñ= lil cos0-+8t.lu/cosOyJtlulcosO-z-E(ie.e&upoint.y#g.....projection of it along x-axis.

Scalar projection of E along ✗ - axis
.



(Orthogonal) Projection

¥4→
[ projection of a- along Ñ

( write a- as green + 1- to E)

a- = chit at It 8

i. I = a list

← ÷÷.
a- ;;÷ñ + I



Def : proijoi-YFF-b-oi.GE,),÷,

a÷,
±

✓↳ unit vector

↳
scaiba-IFT-a.li?=,)scalja--lalcos0-a#9

b-



Dot Products + Physics

[
constant

If a force É is applied to a body

that moves from P to Q

then the body gains/ loses energy .

This chase is the works done on the body .

Work is a change in energy a scalar

work = É . pot
w

↳ m

↳
kgmp=N unitof

↳easy

[work ]= kgmygz = J, Joule



• Q

p
/← 10kg p ( 1m

,
3m)

I 98N Q(4m
,
7m)

POT = ( 3,47

F- = ( 0, ¥98>

f. pI = -11-392 J

I apply = 400J of energy to

move from Ñ to ⑦ .

See sled example.


