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|34 Cross Froolu. cts

ldea  of croes product  Gryn vechos @ & b,
7 et s ?e.rre,noh cular

-frn.,l a —thirdk nonzere VeLtor

“+o bsth a and &

Geowmetric de-F o.(: CrosS 'F\r‘o:luc:t

If 0 is the angle between a and b (s0o0 <0 =< m), then
axb =|al|b|sing n
unit vecter

where 9 IS . ccalar

@ a unit vectoer (Meam'rg. [ﬁ1=1>
@or-l—hogarm' [or normal or Terrenal’: culac) 4o both T and &

the divection of T is given by Fhe cight=hand rule

®: What is the Lema% of ax b 2 Hit: i ois unit vecor
Ans: [axB | = [a] 5] cin B

Tact

Two nonzero vectors a and b are parallel if and only if

~ -~ AN
axXb=0

- /‘-‘?\(@S& si20)
B is O if ad only if O=0 oc T




i nif  vec+ars ((Standard
{&e Cﬂ‘“ +h& 6001-0{("\“-[-2’ uni-f [laﬂlSI'S VéC#DFS)

i=(1,0,0) j=10,1,0) k=1(0,0,1)

—ro If\e,[F YOM r‘cme/m'oﬂ!"”:

jXi=-k k X j=—i i X k=—j

Sovm: —chJrg abeut e  Cross froolucé
P axXb=-b Xa -[Zof ol vectors a>b

0 ln 3@:/\&(0:[)
(a X b) Xe#aX (b X C) Not associative |

iX(ixj)=ixk=—j

£

(XD Xj=0xj=0



Algebraic Def cross products

A determinant of order 2 is defined by a b
= ad — bc
c d
€-9. L 3o (%) -3 =1
2 7
M'{'Y'«)(
talled a 33
, i § k| "just a symbel
| et a=ai+ aj+ ak Write . J_to help us
e det |@ @ @] T ae
bzb]i + sz + b3k o% Q b, b b3 ‘e AP-'P "
IR At vix
i i j k i j k
G ax 4 a, ad ds ay dx as
‘be’-F % by bs by by b by by, b
a a a, a a, a
axb = S T I I IO I B R
bz b3 bl b3 b1 bz
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Ifa=(1,3,4)andb = (2, 7, —5),

find a unit vector with positive first coordinate orthogonal to both a and b.

Nete: ﬁxg "¢ or—Hm&oMl

o — I+iple o N
Solution Ang Scalar muldiple of 4o both G 2 b
@ Ifa=(1,3,4)andb = (2, 7, —5), then
i j kK
aXb=|1 3 4
2 7 =5
I I T
7 —5|'" " |2 -5 2 7

=(=15-28)i—(-5—-8)j+(7T—6k=—43i+ 13j + k

@’fo ﬂo/t a vector Tn °l>r°&"{L directcon

s  a x —l; N do <ccalar muH’?F(FCA-('Fon

-1 (—43i + 13j +k) =4y, -2, -1

TD Je/'b a unit vect °r> Scalae M E(“%_

/l <‘{"S,-—I’>,—I> Where A= 63)2—*'@3)1-!'[—()?‘
+ S~
(Crg% alf axb



Physical wmeaning of lﬁxb‘

b o oP
4 L

Area £ ?arallt[ogram

is Clpase_) G"fﬂht)
17 [b) sinf

Siace l?x El= [a\ltl Sin & , We have ..
—

lenpth of axb

The length of the cross product a X b is equal to the area of the parallelogram
determined by a and b.

EXAMPLE  Find the area of the triangle with vertices P(1, 4, 6), 9(—2, 5, —1), and R(1, —1, 1).

PO=(-2-1i+(G-4j+ (-1 -6k=-3i+j—7k

&
TP 25 —>
/‘/P&xm/ PR=(1-1i+(-1—-4)j+(1—-6k=-5j—5k
F\R

We compute the cross product of these vectors:

i j k
—> —>
POXPR=|-3 1 -7
0 -5 -5

=(-5-35i-(15-0)j+(15-0k= —40i — 15j + 15k

lug" h

allel i ul?
Atea of proniletogmen i b5 bR 207 T (—15)7 + 157 = 5482

The area A of the triangle POR is half the area of this parallelogram, that is, %\/ 82. =



