
The crossproduct-ofa-fa.az
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93> and 5=46
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is Ñ×Ñ =L az.bz- azbz

, azb ,
-qbz , aibz

- azb , )

It is characterized by the following properties :
① a- I a- xD and I 1- a- xb

② lcixb / = tal III Isin 0-1 where ① is the

angle between ñ and I
.

③ CÉ,b,a×b) forms a right-hand system

I
7

←The area of the parallelogram
determined by a- and b-

7-0 s equals Iñxbl =/ a- 11511 sine /
a-

very
It is important to be able to calculate cross products

quickly and accurately :

quickly : use 3×3 determinants : I-- <ayaz,as>J-lbybz.bz)
a-✗b- = Det ( Is

,

?
, ) (see discussion on page

855)a , Az A 3

accurately : I always check the computation of ñ×b by calculating
C-ax-bl.ci and taxis) •5 . If either is not equal to 0, then

your computation of ñxb is incorrect
.



A parallelepiped is a 3D analogue of a parallelogram .
There are 6 faces each of which is a parallelogram - Each

face is parallel and congruent to its opposite face .
,

'

Here's a picture of one parallelepiped shown from three different

vantage points :

i
-

Each paralle piped is determined by three vectors 8,5 ,E :

Fact The volume of parallelepiped determined by t.bg is

Volume = / ieolbxc ) / .

The number a- • (b- ✗c- ) is called thetriplesÉ of É
,

I
,
I

. (Stewart
, page

859)



specialEx-amps.tt
rectangularbox is a parallelepiped for which

each of the 6 faces are rectangles .

e×amp_le The parallelepiped determined by the
vectors a- = 2T

,
I = 3J , I=4I is a rectangular

box because I 1-I
,
a- 1-c-

,
and 5 1-I

.

By the formula on the previous page, the volume of this

box is

/ a- • (5×8) / = 12T • (3J ✗ 4kt /=/ 2T • 1251--2411-51=24

( note that i.T = ITF = 1 )

of course this is just verifying the well-known fact that
the volume of a rectangular box is width ✗ length ✗ height .

• A cube is a rectangular box where all 6 faces are

squares . (Note that each square will have
the same

side length . )



page 859 :

(Each property can be verified by writing _a=(ayaz,as> ,
b- = <b.

,bz.bz> , C- =L Cc , Ca, Cs) and expanding LHS and RHS
.
)

consequence Two vectorsÉ andI are parallel if and
only if a- xD =J

.

explanation : By property 1
,
a-xñ = - ñxa

,
but the only

vectorJ with J = -J is 7--8
.
IfI is parallel to I

then I = 'ta for some scalart
,
and
,using property 2 ,

ñxltñ) = tcaxaj = to =D .

explanations : IfI and b- are parallel the- the angle Q
between a- and I is 0=0 or -0=5 . In either case

sin (e)=O . Then lñxb 1=12118 / Isin0-1--0 . Then
a-×I=8 because J is only vector with length 0 .



Next : Go back to section 10
.

start with descriptions of

curves by
"

parametric equations! (section 10.1 , page679 )

In calculusI and I
,
the geometry of curves that are

graphs of functions was extensively studied . However
there are lots of curves that don't have this form .

For example , the curve C
Y 7 C

star✗
is not the graph of a function because it does not satisfy

the VLP (= vertical line property ) . It can be

described as the trace of an object moving in the
✗y
-plane . This is the parametric equations perspective -

The curve will be described by a pair of
'functions

C :{ ✗ =
fct)

y = g (f)

where (fct)
, gas) is the location of the object in the

✗y
- plane at timet . The function flt) determines the horizontal
position at timet , and get) gives the vertical position .


