Multivariable
Dot Product
Dot Product
The geometric definition of the dot product of two nonzero vectors a and b is the number:

a-b = |a||b| cos@

where 6 is the angle between the vectors a and b,0 < 6 < m. Ifeither a or b is 0, then
a-b=0

The dot product of & = (a1, az, a3) and (b) = (b1, b2, ba) s
a-b= a1b1 + a2b2 + a3b3
Two non-zero vectors a and b are orthogonal (perpendicular) if and only if a - b = 0.

—W
i.e. the angle between them is L

@] Properties of the Dot Product If a, b, and ¢ are vectorsin Vs and c is a
scalar, then

l.a-a=|al 2.a*b=b"a
33ba-b+c=a‘b+a-c 4. (ca)b=c(a‘-b)=a" (cb)
5.0-a=0

1. Find the following using the vectors @ = (—1,—2, —3),b = (-10,2,1), and
c = (2,8, —6)

a. a-b b. a-c

O+*h = (- \3(-10) + (-2 (.2) + (“BC\) O+~ L“ \\Ci} & (—‘2}(%} +C-3j<_('\‘

= lo-4-3 TTETle + R
=3 =0
c. Find the angle between a and b =

Nectors 4, 2
6:b= lallbl cos g

3=m5\'°—5 cos ©

\al= [eatec-ats ot
=

cos ("mﬁgv = O Vol = | (-10\2-\—2?' a1t
© >1.40%¢0d = @g5.51° z \los
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2. 1flal = Land [b| = 2 what is the maximum for a - b? What does this say about
the vectors?
max Ffeor osb =
a-5=lal{pl cose B
o and —b% 4
n
= .2 cos& pever
Same direchen
bzgo 26 ¢cos6 =\ L 0,84_2_
Direction Cosines: Ihevwn 1S O
The direction cosines of vector & = {@1,@2,a3) can be 42
found using:
ai az as
COS ¥ = —; COSﬂ:—; CcosYy = —
|al |al |al r
E__ %
3. Find the direction angles for & = (1,0,5) z a
cos K = \5_ «K = cos (/\ED 78.7° lalz | 1 +0 425
cCos '3 E B= 9o° = JZLD
S -
sy = 7zt ¥ = cos” (Ffo) =
Projections
a-b
compab = ——
Scalar projection of b onto a: |al
a-b
projab = ——a
Vector projection of b onto b: |

4. Find the vector and scalar projections of ™ = (2,1, 5) onto n(1,2,3,) \ nl| =

;)+'-\ +q
comp ™ = RALRA SN, (B + (0_(?_)_1}5)(%?, =y
I M
ko]
19 - \4
proy ™ *\s;'_" <y,2, 3) = < /m/ 38/!4/ 57/)‘-;>



