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Cross Product:

If U,V are non-zero vectors in R3,U=(uy,u,, u3),V = (v, v,, v3),then the
cross product of U &V is the

Uy Uz U1 U3z U1
UxV =y oo vl
(v2

U, 3
v3l’ vy v3l'lvg U2|)E R
=(upv3 — U3y, — (U V3 — U3V1), U V; — UpVy)
i j k
Which mean UXV =|u; u, us| =i(u,vz—uzv,)—juvs—
V1 Vy V3
Uzvq) + k(ugv, —uyvy)

NOTE: the cross product is define only in R3

Theorem :the vector U X V is orthogonal to both U &V
Theorem: if 8 is the angle between U &V then
fTUXVI=IUIIVI sine®

Corollary: the two non-zero vectors U&V are parallel if and only if U
X V=0

Example:

Let U=(1,2,-2), V=(3,0,1)find Ux V

v = A U e

Example

Find U XV ,where U = (3,—4,1) & V=(5,2,-6), then find the angle a
form U &V.
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Theorem :if u, v &w are vectors in R3 and k is scalar then:

1-UxV =—(V x U)
2-UX(V+W)=UXV+UXW
F-(UtVXW =UXW+V XW
4- k(Ux V) = (kU) x V) =Ux (kV)
-Ux0=0xU=0

6- Ux U =0

PI’OOfel- UX V= (u2U3 - u3v2, _(u1v3 - U3v1), u,v, — qul)

VX U = (772“3 — V3Uy, —(v1u3 — 'U3'll1), ViU, — vzul)

Area the cross product

The length of the cross product Ux VVis equal to the area of the
parallelogram determined by U&V

Area of the parallelogram =]l U X V lI=|L U |lll V || sin @

Area of the triangle :% lUXVI

Volume of parallelogram =|| A. (B x C) ||

Where A=height ,B=length,c= width

Example

Find the area of the triangle determined by p; =(2,2,0),p, =
(—1,0,2),p; = (0,4,3)

Sol. P,P, = U = (—1,0,2) — (2,2,0) = (=3,-2,2)
PP, =V =(043) - (2,2,0) = (-2,2,3)

UxV=(-10,5,,10),Il UV lI= /(—=10)% + 52 + 102=/225=15
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NOTE: 1-U.V is constant

2-UxX V is a vector

3-the vector UX V is perpendicularly to both U&V
4-The vector i=(1,0,0),j=(0,1,0), k=(0,0,1)
EXAMPLE:

Find the volume of the parallelogram that generated by A=(2,1,3), B=(-
11312)1 C=(1111'3)

Sol. V=|| A. (B x C) ||

i j ok
BXC=|-1 3 2 |=-11i—j-4k
1 1 -3

A. (-11,-1,-4)=-22-2-12=-36
| A.E lI=Il =36 lI= 36

EXAMPLE
Find the volume of parallelepiped ,where

A=(2/ 113)IB=(112 -IO)IC=(310)1)
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