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 EXAMPLE 5.7

The pomts Ad.=2,1).B(0 1 6),and C (=3 4 —2) form the vertlces of a triangle. Suppose

. This line is a

medlan of the tnangle and is shown in Flgure 5% 20

Visualize the sides of the triangle as vectors, as in Figure 5.21. If P is the midpoint of BC,
then H; = H, because both vectors have the same direction and length. From the coordinates of
the vertices, calculate

F=—-i+3j+5% and G = —4i+b6j—3k.
We want the angle between F and K, so we need"K. By the parallelogram law,
F+H =K and K+H,=0G.
Since Hy = H,, these equations imply that
K=F+H =F+(G-K).
Therefore,
K=1F+G) =-3i+j+k
* Now the cosine of the angle we want is

EoK o
IFINKI /354110 /3850

cos(f) =

B

0 is approximately 0.83 radians. =




DEFINITION 5.6 Orthogonal Vectors - e

Vectors F and G are orthogonal if and only if F - G = 0.

 EXAMPLE 5.8

K/

LetF = T’4i+j—|—2k,G =2i+4k,and H = 6i —j—2k. Then F- G = 0, so F and G are
orthogonal. But F - H and G + H are nonzero, so F and H are not orthogonal, and G and H are
not orthogonal. =

EXAMPLE 5.9

Two lines are given parametrically by
L].:x:2—4t, YOI 3y
and
Lyt x=-2+p, y.——-7+2p, z2=3—4p.

We want to know whether these lines are perpendicular. (It does not matter whether the lines
intersect).

The idea is to form a vector along each line and test these vectors for orthogonality. For a
vector along L, choose two points on this line, say (2, 6,0) when ¢ = 0 and (=2. 7. 3) when
t =1 .ThenF = —4i 4 j | 3k is along L;. Two points on L, are (—2,7,3) when »p = 0 and
(=1,9,—D when p =1 Then G =i+ 2i — 4k is along L. Since F - G = —14 # 0, these
vectors, hence these lines, are not orthogonal. =




'EXAMPLE 5.10

Suppose we want the equation of a plane IT containing the point (=6, 1, 1) and perpendicular to
the vector N = —2i + 4j + k

A stré_ltegy to find such an equation is suggested by Figure 5.22. A point (x, y, z) is on IT if
and only if the vector fr‘om (=6,1,1) to (x, y. z) is in IT and therefore is orthogonal to N. This
means that ;

(x+6i+@—-Dji+(z—1Dk)-N=0.
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. FIGURE 5.22
Carrying out this dot product, we get the equation
2@ +6)+4y—D+(E—1)=0, -

or
—2x+4y+z=17.

This is the equation of the plane. Of course the given point (—6, 1, 1) satisfies this equation. =




