Projection of one vector on another




Work = (Force)(Distance)




Use of cosine to find adjacent side

6 a

cos b = a = ccosf
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Use of cosine to find a projection




Definition of Dot Product

uevV = Ul |V|cost



Relationship of Projection to Dot Product



If i = (u1, ug) and Vv = (vq, vs) then:

uev = ujv] + Ut



If 4= (u1, ug, us) and v = (vy, va, vs) then:

uev — ujv] + Usls + usls



If i = (uy, uog, ...,up) and v = (vy, va, ... ,v,) then:

uev — ujvy + UsUsg + -+ + UpUn



.. ,Up) then:



If i = (uy, uog, ...,up) and v = (vy, va, ... ,v,) then:
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The dot product is commutative:

uev=vetu



If v = (v1, vg, v3) then [|V|= \/U%+v§+v§

V|2 = v 4+ 03 4+ v3 = (v, vy, v3) @ (v, Vg, V3) =V e



Example Let @ = (3, 4) and let j = (0, 1)

Calculate the length of the projection of I in the direction of u

y




i=(3,4) j=(0, 1)

R T 1 4
lprojsjl :JOHU = (0, 1>05<3, 4y = (0, 1)e(3/5, 4/5) = 5
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We can use the dot product to calculate the length of projzv.
How do we calculate the vector projgv itself?



projiVv points in the same direction as u.

proj,v

— 1S the same unit vector as
|IProj;v

Therefore,

:1‘:1



PI’O.iﬁ‘7 = \Projﬁ‘_’" .
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Example Let @ = (3, 4) and let j = (0, 1)

We have already calculated that the length of the projection of
J on u is . Now, let’s calculate the vector projgj itself.




Example

i=(34) w=-i=(-1,0)
Calculate the dot product
uew = —3

What does it mean when the dot product is negative?



—

uev = |U||V]cosl

The dot product is only negative when cos 6 is negative



If 0 <6 < 5 then cosf > 0 and the dot product is positive




If 7 <6 <7 then cosf <0 and the dot product is negative
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What does it mean if the dot product is zero?



What does it mean if the dot product is zero?
uev =20
[d|[V|cos® =0

If u and Vv have nonzero length, then cos = 0
s
0=—
2

When two vectors are perpendicular (orthogonal) then the dot

product is zero.



Example

Let X = (2, 1). Find a vector ¥ that is perpendicular to X

Xey =20



—

xey =20
(2, 1) o (y1, y2) =0
21 +y2 =0
Y2 = =2y
Y = (y1, ¥2) = (y1, —2y1) = w1 (L, —2)
Thus, any scalar multiple of (1, —2) is perpendicular to (2, 1)



The vector (xq, x2) is always perpendicular to (xo, —x1)



—
L4

i, j notation

(x1, x2) = (x1, 0) + (0, x2)
- 5131<1, 0> + CCQ(O, 1>

= xli + .CCQj



The vectors :le—k azgj and :Ugf— xlj are always perpendicular
to each other



Determinant notation:

a b
c d

':ad—bc



If you need a vector perpendicular to :clf—k azgi calculate the
determinant:

i ]
r1 T2

— —

= l’Qi — Qﬁlj




