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The Cross Product of Two Vectors in Space

Definition
The cross product uxv=0xV (“u=0 cross v=V ") is the vector
uxv=(ul|v[sin@)n or uxv=(ul|v|sino)n
where u=0 and v =V are not parallel vectors and n = is the unit vector perpendicular to the plane
(generated by u=0 and v =V ) by the right-hand rule.

Parallel Vectors
Nonzero vectors u=0 and v =V are parallel ifand only if uxv=0 or 0xv=0

Properties of the Cross Product
Ifu=0, v=v, w=w are any vectors and r, s are scalars, then

1. (ru)x(sv) = (rs)(uxv) (ra)x(sv) = (rs)(txVv)

2. Ux(V+W)=UXV+UXW Ux(V4+W)=UxV+0UxW

3. Vxu=-(UxV) Vxl=—(0xV)

4, (V+W)xu=vxu+wxu (V+W)xU=VxU+Wx0

5. Oxu=0 0x0=0

6. Ux(VxwW) = (Uew)V—(Uev)w Ux(VxW) = (UeW)V — (UsV)W

luxv|=|axv]| Is the Area of a Parallelogram

Because n =n is a unit vector, the magnitude of uxv=0xV is

|uscv| = ul|v||sin&||n| =|u||v|sin& or |axV|=|alv|sin6||n| = |a||v|sin &

Determinant Formula for uxv=0xV

Calculating the Cross Product as a Determinant

i ] k
If . - . - uZ u3- u1 u3- 1 u2
u=ui+u,j+uk and v=vi+v,j+v,k, then UXV=U U, U= - J+ k
VZ V3 Vl V3 1 V2
Vl V2 V3
i J ok
- . o u S VAV u,| -
If G=ui+u,j+uk and V=v,i +v,j+v,k,then axv=lu, u, ul=|> °|i-" |7+ *lk
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Triple Scalar or Box Product

The product (uxv)ew = (0 xV)ew is called triple scalar product (box product)of u=0, v=v,and w=w
(in that order).
|(Ux V)ew

=|uxv||\wl|cosg| or |(UxV)ew|=|uxv|W|cosd|

Calculating the Triple Scalar Product as a Determinant
ul u2 u3
(UxV)ew = (UxV)eW=|V, V, V,
Wl WZ W3
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