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Given Tiso nom-zare Vestors 0 =8y;821035 and budb, by, byy, oF s
\/u} Me¥wj % be able & M o hon-2efo veckor Loke C Hat is
Perpendicalar & bott P 4 i lei Vector (C) ts Called the Closs-product
AT omd 6 aud (s dowted by 2 Xb.

DQQM{-LM ifa {a,a,, azy and E: {biybzy, ba) , Than Tl Cross- Pro duct '4’
G oond b s o vedor axb =agby-23bgy G3b - abs 5, ab, -4, b

Netice Tiuf - Cress Prm[uaf (s o Veckor unkike T dot Produd. For The
feaSen , The Cross Pr.q[uo)l’ 01?* 1o Vecters (s also called T Vector ?foiud’-

¥ Netfe that axb s &'V‘&Ltfeﬁ-m—ol ihin 8 MA,—Q are Theee - dinunsienal vechrs.

The abete o/ek‘niﬁ‘w ojD Cross Produck of tivo Vecthrs, ¢s not eosy ta femenbll
Therefore, we/t’} t use The hotafion 43 defermnants .

A detormenont ‘,112 order 2 s defned: éé( \t 5\; ad-bc (’"‘LH“PI& acrsss
and swa’fad‘)

Exomp(e,‘. Fud i determinant below .

“‘2‘ Ll‘ 1:: 2(‘-!)_ (')(’6\ = g+6:. 14

A determcnant o order 3 cam be cefined cn Tems of Second srder deferminets
a5 ?é(!owsz

by b3 b, b b, b
by B Bal .0y \-“—z 3+°~3 5
Cq g C
C\ C, CS C3 1 3 ¢ Cg

¥ Obsorve That each term on Ta~ rght side "?Q T~ oboVe cyuafL'oﬂ cuvelves a
humber a¢ (n The frst fow of the deferminant™
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Note Wt slso 8 is malh'P‘\'aJ 55» T Second order determenant sbtained
#om The left Side 55 dde)u'?, The row and Colamn v which ac oppears.

Pey Hendion & f minas Siqu v T Second Term of - e7uafc'cm.
EKMFQ,‘ Ca/\CuJOJ‘e (73] #ﬁowcg %W
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IEf we hou rewrche The dbﬁn;ﬁloﬂ rﬁ CfoSS—PVOJ‘*Cj""f— two Uectors uLSma_
Tha defe/mm.m)" nototion ond The stoneard basis vectors uOJr k we see
that T~ Cross produch ol Tho veetors Belil roul cogk ond bob i-bgehik

m s y #mdo\ M yow S,t-eu.ii
learn, (nstead ﬂﬂ Tho prRV(OWS (Pr—.
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The. Cross Praduct Bebe &
Seckion 12.4 il

Exomple: shouw Yhat ax0 =0 dr ong. Vechor 27 iw «/3 :

e £ 3 K -
\Q‘ G ag|= {(0aag- 05 00) ST (2103-034) 4k (a0, -4, a)

C‘\Of("e,( |97/

Z,xa. =
s 4 al .
= € (0)-F(o) + k(o) =0

¥ Very [MTor‘f'M} Note : We lomstruct The Cress Freclual Zxb Se that it wonld
b Porpundionlar £ both' & pd T . Theb (5 onic s T matt ettt
propechies of 4« cross product

: —n\zoréw\x The. Vca'ar C—t.xr (s srfhodoha/{ & belh Z MJI;

e prufl s binple - Comslruck (@A0). & ol (ExD).E and shos T

Tt"a are bt €1¢Lo.1 é’ Zeso ({mbe,( 795.“ Tl Pr’w{ous §€C)£0"“r ‘hdo

teshrs ore. orthagonal of Theic dot Prodachs zerv). This mesws if

We prove That The dot Prodw}oae (x6 omd & ocb (s 2ef0, They

Mmust be Pefpudxww/omdond‘
No‘{'&: w;u,v\ we- S?M'ﬂu— CAss Proo’MMLa—ﬁ Z and —L: o ax-g (s O Uealo/
Perpendiculor £ o and b, we still oo not ko Tor diveckion of TA-

fecker (e oo Have 100 perpendiculor vectors & boTh S )
Per pendicutars ot twms ot That Tl directkon 072 axb
(s Jeven Bf The Pght_ hond file: If fio

(@ %)
’Rb\a,g/s ﬁL Hot ﬁd)\f howd cur| <n - direchon

ry
::;" : 0'10‘ (o tation (‘ﬂv‘o“dk o M&]‘l; less Thon {Zoo) 3?0.»«
ND"’ &” $ F 'fl\m aou.( ML Pofnj‘; " m_

— -

B v
axb
(f\'f(r/ﬁ,'m X b
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echion |2-

71\urem'. #6 (s Th~— andk/ betieen & and b (S0 ogasﬂ),-n\w
|axb|<allbsme
Corollary: Tye nonzero ddin v o avis Patalle] v sud ol i 4 aibeo
(arallwr&\.‘ﬂu. kﬂﬂ\hfm..mss Pr*adud b 5 eTuaJ 2 T orea of Tl
Porallelogrom determined by o ond b
gone rroo )4(2@ = IMJ% ¥ L\MJ u

w'/ - (&.|b] sine ;\be\

@&

EXa.m(;le,; Find @ Vccfo( perpendicwlar & Plam,‘ﬂuf pe-sses Theough Th- Poc'-u{)
P(I,L’)G) )Q(-l)g)’O) and RQ‘)~|)’).
Tﬁ.T Vector FZ,X EE,{ (s PdPenel(qua_f G both (—)5 ond P_l’? '71;,,«;&@, @y ];_F?

s also Perpendicwlow & T plane that Cmfain P,@, and R.

-

PR = {-2-1,5-4,-1-6%=43,-%>

PR =it iy = <$%-5-97

we Calculete Tl cmy}%&o%# The vectors .

= ¢ ps K
PoxPR =[x + -z|=¢(-5- (—5)(-?)) -3 (-3:5)- (0)-7) + K ((—3)(-5)4@
o -5 -5

- -Ho¢ _ 153+ 15k

termfore T vechr L-40,-15, 150 & PaPerdianlor 2 - goven
Plone - Ang- nenzero scalor maltiple o Thin vechor, such as {-8,-3,2) ,
(s also Perpend(c,ulorzﬁ fho Plove— -



The Cross Product

dmpf’ef 2/ e

Pge 5/

Exanuple/: Find T orea "'1& Tk“{'ﬂo"‘d(e W/ ve(hices F(b“hé\, @(-2,5, "))

omd R( 1, -1 ).
T““’S‘ are exa-cj'l‘}"ﬂb— SMM&PQ.'.\JS as n Thr~ pfaf(bus QXMPI&» Suppose w we

have oo aQuow;.\a schemahes:  we ko That Tl 0fea ,—’l The Friony [

? g SR PéR (s half at B afeaj y [ Puo;ﬂelodfw-
W’R we olSo Luwuﬂmf \PZ«*PR\=TE—M°~ ,’,
P Tlem Fa.rx”eyloarom .

=p P« PR =<-40,-15, (5> =;7]PZX?E\ﬂﬂ—qmﬂ(—w)ﬂ('f -5/8
Tharefore, Tha G120 & I frionyle = .g-ﬁz
If we apply th— defnihon 0d cross product on Tie standard basis vecs & J,ond
K, we will hewe Th- #I{owﬂg relodeons hePS :
ixjek Fri-=k Impoctont result: Cxj g fet
T meanis Thel 008 product s pot

5“‘-’—'(: ) KKS',-—L‘
Commutative .

bytat: - akao T

Ansthar impottont- resihh: Tha associative laws for pualtiplicakon does et
usually hold end i general (XxBYx T £ &« (Bx<)

eg. (x(ixg)z1lxk=-F
(l:xi)xg =00 %
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Properties of Th~ Coss Preduct:
Z-? a-,',_b‘; ond C ore veckors and C (s Scalo, Then

() ary & g a
: Z qx?-") + Scalas -m‘Plc Pro duct
o

3) ax (bic) = Gxb +AxC

4) (Z¢5) xC = % + bx<

5) @. (bx<) = (@xb). < Dt produck
s z)g’_(;:E,g

Thase properties Com be proved by wiri ﬁ‘vg_—n\., Vectors t Torms of Theor
Components aud uging Tl deflition of o cross prodact / Dot product

W‘CPIQ_ ProJud'a:
The produck Z. (bx<) That occurs n propects 5 (s called t Scalac riple product
Oﬁn\b vectors Z, E’,M E: we Con CRJCAJOJ‘C, e, (i;x 8) u—ft‘ﬂa .- ﬂ//obi(v‘-&

J&J’tm.»nax} !

Qi Go 0
& el 4, ,,;’ . The Jeometric Siquificance of f— trple produck i
QG Co Cgq 'ﬂ\g}«.tL (s u{dl‘: O‘JCUGJ"Q T l/o/um_,__ a—ﬁ Tl

Pa.fq,“e/leF(RJ Cfedaé La— vectars Z, r, ond C

V= Ah= |bxe| . (3] @8/ |- (8T
The oren of- Prtadielogiom ,,j“' j“ﬁk%i
wa,dcba-UaMdC?- s




C‘\.ﬁpl’cf ll/ The Cross Predud' Pye 7
Seckion 2.4

* The Voluma ¢ The potallelepiped defermined by fhe vechrs a, b, and C
S Thae maancfude 4 Thesr scalox "Tt'P(b Pf‘oc‘l«c}'t
7,
V: \a. (_6.‘2)\
EXample: uSe T Scalor Tripe Product & show That Tho vectors @ l,4, 7>
b-<2,-1,4% , and C=<0,-9, 18} ace Coplanar.
C’P'er:'ﬂv'é meons a«Uﬂu—V«j«?fS’ Z, E,, and & ore 1 Th- Same Plose ond
Tl friple produck of Tham o5 Zele-

: — — oo s Q3 ; o
soludpnn 6. (Be):[b: b bl la 5V 4 :\i—l '-!\_q 2 4 *(’?’z-\
B e Cs o -8 18 —-‘1 18 o 1% o -1
— d A
6 (bx&)a v (~18-(-3¢)) -4 (% -0)-7 -18-0)
= 18-144 126 = O

Thed means Tho Volume o Tl beaﬂe/le,f?i'pu! (s Zero omd Thacefore all The
Wetors ore (v Th— Some Flo-m——-

ToMue: The (dea of Cross product occurs often cn Physics . In packicwlor whan
o Force vector (s adua on - n‘a_(‘d body,. ot a Po.'wj’ Geven b} o Fos,‘h‘om
veckor 1. Thi s Called Lofque- cn PhySics and (s defived & be Th- Crss
Pfo&«cﬂ' o"P‘ /AN Pbsiﬁ'om and Th- %’C& vectors 73(10-&— (s 6 meaSurc o—? Tl

C-TYF z‘l"‘"‘%’ of Tl bedy 45 rofake obout
eﬁd{w.
EXQMP(G-: A bold {5 fightened ba» app‘a(v\.a, 6 Ho N Lorce B a 0.25m wrench
as shoewn v Tl 'ﬁbguft below . Fud The maaoul"’da 4 '”x.—‘f'of?ua, about Th—
Conbeg? &) Hlo biolf - (T ooie Yo T force oud T lench hondie s 75°)

ﬁﬁf‘ )?5 i = = / :
°‘g/\qw 171 = \FAF | = 17| ) Sin 75 = Co-25) (Ho) i 75

& 9.6 N.m



