Let

u=ui+ujt+uk and v=vi+v,J+ viK

be vectors in space. The cross product of u and v 1s the vector




U, U, Us <«——— Put “a” in Row 2.

Vv, v, V, <«— Put “v” in Row 3.
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Finding the Cross Product

ux v b. v Xu C. VXV
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11.7 Algebraic Properties of the Cross Product

Let u. v, and w be vectors in space, and let ¢ be a scalar.

1. uxv=—(vxu)
2. ux (v+w=@xv)+ (axw) .
3. c(uxv)=(cu)xv=ux (cv)

4 ux0=0xu=290

.....
""""""

6. u-(vxw =@xv) w
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Geometnc Properties of the Cross Product

Let u and v be nonzero vectors in space, and let 6 be the angle between u and v.

1. u x v is orthogonal to both u and v.

u > v = [lulffjv]sin 6
3. u x v = 0 if and only if u and v are scalar multiples of each other.

— area of parallelogram having u and v as adjacent sides.
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The vectors u and v form adjacent
sides of a parallelogram.
Figure 11.35
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Using the Cross Product

» « « «[> See LarsonCalculus.com for an interactive version of this type of example.

Find a unit vector that is orthogonal to both

u=1-—4j+Kk
and

v = 21 + 3j.



The vector u X v 1s orthogonal to both
u and v.

Figure 11.37




Geometric Application of the Cross Product

The vertices of a quadrilateral are listed below. Show that the quadrilateral is a
parallelogram, and find its area.

A= (5,2,0) B=1(2,6,1)
C=1(2,4,7) D = (5,0, 6)






An Application of the Cross Product

A vertical force of 50 pounds is applied to the end of a one-foot lever that is attached
to an axle at point P, as shown in Figure 11.40. Find the moment of this force about the

point P when 6 = 60"



50 pounds 1S

A vertical force of
applied at point Q.

Figure 11.40




The Triple Scalar Product
For vectors u, v, and w in space, the dot product of u and v X W
u-(vxw) '

1S called.the triple scalar product, as defined in Theorem 11.9. The proof of this
theorem 1s left as an exercise (see Exercise 59).
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Foru = u,i + u,j + sk, v=wi+nj+vik,andw = wiji + w,j + wik,
the triple scalar product 1s
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HEOR EM ﬂ m Geometrlc Property of the Trlple Scalar Product

The volume V of a parallelepiped with vectors u, v, and w as adjacent edges 1s

V=lu-(vxw)]|.

.......................................................................................
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rea of base = |[v x w||
olume of parallelepiped = |u * (v x w)]
Figure 11.41



Volume by the Triple Scalar Product

Find the volume of the parallelepiped shown
in Figure 11.42 having 3,-5,1) 3,1,1) »
u=31—35)t+tKk
v=2]— 2k
v 3 Y
and
w=31+])+tKk ' - 0,2,-2)

The parallelepiped has a volume of 36.

as adjacent edges. Figure 11.42




A child applies the brakes
on a bicycle by applying

a downward force of

20 pounds on the pedal
when the crank makes
a 40° angle with the

horizontal (see figure).
The crank 1s 6 inches

in length. Find the

torque at P.
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