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Use of cosine to find adiacent side
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Use of cosine to find a projection




Definition of Dot Product

uevV = |u|l|V]cosb



Relationship of Projection to Dot Product
uevV = |u|l|V]cosb
—u eV =|V|cosf = |projgzV|

Note that %ﬁ is a unit vector in the direction of 4.
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If d = (u1, us) and v = (vy, vg) then:

uev = ujv; + usvs



If d = (u1, us, ug) and v = (vy, vg, vsz) then:

uev = U1V1 + U2V9 + U3V3



If d = (u1, ug, ..., u,) and Vv = (vy, va, ... ,Up)
then:

uev — UiV + U2V + - + UpUn









The dot product is commutative:

uev—=veu



If V.= (vy, vo, v3) then [V|= \/v%—l—vg—l—vg

V|7 = vi4vs4v3 = (v1, V2, v3)e (v, Vo, V3) = VeV



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

Calculate the length of the projection of I in the
direction of u
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We can use the dot product to calculate the length
of projzv. How do we calculate the vector projzv
itself?



projzVv points in the same direction as u.

Proj,v
|IProj; v
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is the same unit vector as

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

4
5

Now, let’s calculate the vector pro jﬁj itself.

We have already know that |projgj| =




Example: Let u= (1, 2, 1) and v = (0, 1, 1)
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Example: Calculate |projg V| and projg v
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d=(l,2 1)and ¥=(0, 1, 1)

]

[projgv|=ve H

1
= (0, 1, 1>0%<1, 2, 1)



d=(l,2 1)and ¥=(0, 1, 1)



d=(l,2 1)and ¥=(0, 1, 1)

proj; v =




d=(l,2 1)and ¥=(0, 1, 1)

Projzv = ———
ueu
0, 1, 1) e (1, 2, 1)

(1, 2, 1)
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Example: Letd= (1, 2, 1)andletv =(0, 1, 1)

Calculate the angle between 4 and v
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Example: Letd= (1, 2, 1)andletv =(0, 1, 1)

Calculate the angle between 4 and v
[d|| V| cosf = d eV

V6vV2cosh = 3
3 3 V3

cos b = = =

V6v2  2v3 2




Example: Letd= (1, 2, 1)andletv =(0, 1, 1)

Calculate the angle between 4 and v
[d|| V| cosf = d eV

V6vV2cosh = 3
3 3 V3

cos b = = =

V6v2  2v3 2

0 = il radians
6




Example
i=(3, 4 w=-i=(-1, 0)
Calculate the dot product
uew = —3

What does it mean when the dot product is nega-
tive?



ue vV = |ul||V]cosf

The dot product is only negative when cos# is neg-
ative



If 0 <6 < 7 then cosf > 0 and the dot product is
positive




If 5 <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 =10

[d|| V]| cosf =0

If 4 and Vv have nonzero length, then cosf =0
o =—
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 =0
(2, 1) o (y1, y2) =0
2y1 +y2 =0

Y2 = —211

—

Yy = (Y1, ¥2) = (Y1, —2y1) =i (1, —2)

Thus, any scalar multiple of (1, —2) is perpendicular
to (2, 1)



(x1, x2) is always perpendicular to (x2, —x1)



The vectors x1f+ :L’gf and ng— CUJ are always per-
pendicular to each other



Determinant notation:

a b
c d

':ad—bc



If you need a vector perpendicular to x1f+ xgj, cal-
culate the determinant:
i
L1 X2

— —

= ZEQi — LElj




