13.3 THE DOT PRODUCT S _—
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The following two definitions of the dot product, or scalar product, 3+ w . are equivalent;

*‘ Geometric Definition. y_ - w = || v » ere@istheanglebemreen Y oand 3 and 0@ sm
—

+ Algebraic Definition. v -W’—mu_Jrgg wo t vawy

Muotice that the dot product of two vectors 15 a pumber.
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Find the dot product using both methods of E~
vaw if

v=3i+4j and w=5i+12]

R

- S = (»5) + (4-12) - " ,—’//
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The law of cosines - B —
V=W
Lo O
Z U A

f =gt + b - 2abcos O
—_—
—

2 2 2
Iy —w I =1 ¥ 154+ 1w 1°=21 v 1l Il w Il cosé.

2
TRETl =v12+v%+v32

!

2
w ol =W12+W22+W32
2
1Y =W 1 = —w)? o+ (ra—w)? + (3 —w3)?

=vi = 2viwy + Wi+ vE = 2vpwy + W + vE — 2vaws + Wi

3 2, .2 2,2 E
Vi =2vpwy 4w vy = 2wgwg Wi b v = Zvaws o ws =v12+v22+1232+w12+w§+w32_2”?” I I cosd.
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Properties of the Dot Product. For any vectors 3, v, and 3w and any scalar 3,

oy =iy (23 ) » )
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(VW) BV T 4w
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Twao nonzero vectors v and J erpendicular, ln:ur 0 if and only if
.
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Suppose the vector E’ is fixed and has £ maxitnum and minttim values of the dot product
a - E’ as the vector 5" rotates

. When i isin this
* # position, 7@ - b =6

When i is in this
position, @ - b =0

When i Is in fhis
position, i - = —6
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FPo = (z0, y0, z0)

< F=(xyz) >

-

o r—y) F o —z) k a vector
—

a vector normal to the plane
*
a fixed point in the plane

a variable point in the plane
*
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The equation of the plane with normal wector " — 4 ; 4 & ? +c E and contaming the pomt 2y = (o, v, 200 18

—
alx —xg) + &y —yp)+elz—zg) =0
Lett:in axn + byg + czp (a constant), we can write the equation of the plane m the form
—_—— ax + by fez=4.

o
I

AX = A Xgton kY,
) Yez ~(F,7°

O\ X '\-53."'"'%-410

. (%x+1‘l:,\3 - 4'% =d

(0. Ya. Zo)




Find the equation of the plane perpendicular to — T 4+ 3 ;} 42 F and passing through the ’M
S ————————

n- ,T 3y 42k yo L)

P)uw. [7—— 'x :)+3(L3. o) ‘)—7.(1"") -0

- X+ +IH TR £=°

(fg‘y_ ~3\9*12:9 =11+ —0) + 2z —4) =0,

—x 3y dz="7
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Find a normal vectur to the plane with equation
(a) x-y+dz= 5 %692’
’

Cﬂfz= 0.5x+ 1.2y
T

- ._\‘\—‘ -‘._'b

(a) Since the coefficients of _I) T and ? i a normal vector are the coefficients of x, 3 z i the equation of the plane, a normal vector 12

—

— — —
Ho=1—=j4+2k.
() Before we can find a normal vector, we rewnte the equation of the plane i the form
05x 4+ 1.2y —z=10.

Thus, a normal vectoris 5 =0_5T + 1_2? - E}
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The Dot Product in 7 Dimensions
fe——

The algebraic definition of the dot product can be extended to vectors in higher dimensions.

d

% = (uy, ., uy) and 37 = (v, v,) then the dot product of W an 15 the scalar
—
w -

-
v
v =V b NV

A wideo store sells mos, t%s, CDJ and comﬁuter games. We define the quantity vector _)ﬂ — m] 4393, 4 a), where g1, g2, 93, ¢4 denote theguantitisesoldafaacks

of the items, and the price vector = (P{, P73 P3. Pa)s Whete p1, p2, p3, p4 denote the price per unit of each ttem. What does the dat product 7 - g represent?
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ZResolving a Vector into Components) Projections

*instead of projecting a vector on the x-y plane,
we project it on another vector

ibj
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the projection\of v on u, v parallel, measures the distanc@

1n the u direction
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Force u to be a unit vector.

V parattet = (Il V' Il cosf) & = (v - &) u.
e




What about v perpendicular??

. b

U parnllel
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Projection of ' on the Line in the Direction of the Unit Vector &«

If v paralle] and v perp are components of Vv which are parallel and perpendicular, respectively, to 3, then

Projection of

., =V paratte =V - W)W provided | = Il =1
v oonto i

— —

3w

— — — —
= ¥ parallel + ¥ perp 80 Voperp= ¥ — ¥V parallel

i
= = V
Ve!f alk| + VP"'

2 -\_/:C’P - U— p\n"-C’
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givenvectur?=3_;" +4T and force vector F find: —_—

—
(a) The component of 7 parallelto 3 LA v ,/ ‘-I,

(h) The component of Tr:" perpendicular to 37 v
- -— —_—
- —) |+ 7 )
18. F=4i 4 j '
: —_— u —_—
v =
Wy

(LN 27 8T
() (37 339
- Yy ed
";; |+ v.)
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v

B =—3i 455 44k

—4i-7F Z=i-3;-k

c

i

bE 7
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In Exercizes 10, 11, 12, 1

10

11.
12.

L 2xty-z=23
15z + 3.2y +z=10
z=3x+4dy-77

and 14, find a nortnal vector to the plane.
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