



































































































































eg revisit Ñ 12,35 5 11,33 Find'ax5

Sifu I 21 35 52 5 1 25 32

ñxb 2535 54 1 25 3k
28 312 55 42 6.8 1011

615 9T 150
i Iti

Triple Product only in R

let 9,5 I E1R
The tripleproductof a 5 E order isimportant is defined

by axis ci

Note Assume Ñ 91,92 a I bi.babz C 1CyCzC3

axis ee 1 831 19 1 19 4,4 s

4192831 19 919

A Az 93
i 9 5 b b b

expansionfunda

CI Ca C
along3ʳ rdow

Remark It iseasy to obtain

axis Ext a Exo Ex

5 9 axe 5 2 5 ñ






































































































































Geometric meaning

axis I Volume of the parallelepiped spannedby a 5 E

05T

a
Pf

h Hellooo
directionas

and taxi I

Maxilla last
Area 5 h 10 0 E

Volume of the parallelepiped

EX For case I COET
Éthe proof is similar

11 0477
Wrectionotaxi

Remarks i a 5 0 Vol parallelepiped 0

ha 5 I are linearly dependent

D
P

Ii Tetrahedron i

A B A B






































































































































Vol Tetrahedron

Area ABC height Area II height

f Vol Parallelepiped

axB E

ey Let A 1,0 1 B 11 1,2 6 31 1 D 31,3

Find volume of tetrahedral ABCD
Solen a FB 11 1,2 1110,11 D

GB GA i c

10,1 11

I AC 12,1 11 1,0 1

1 1 0

AT 2 1,31 1,0 1 1,1 21

Vol Tetrahedron f a'xD I

I detf f 2






















































Linear Objects in IR

lines plane k plane hyperplane

Line eg in 1R
Equationfam 2 9 2

2 B

A
Parametric fam

I
L 9 OF TAB TER

1,0 t 0,2 1,0

i t zt

ie 121 TER

Note Symmetric slopefam 9
20 Ex

Parametric Form of a line in IR n 3 particularly

let L a line in IR 4 jun

a a point on L g o x ̅ 1 5 in

Étti
w̅ a direction vectorof L decay an

ite aspts.atR
Then

parametricformof L

x ̅ attÑ
HEIR called a parameter L is parametrizedby AER



ie IX Xn 91 And t Vi Vnl

Aitty Anttun

ie Gittv

xn antton
ter

eg A line L in 1R passes through

A 1,33 B f 1,3 5

Soh choose a AGFA a B as vector

D AB ABA

A parametrization of L is

x ̅ 1,2 3 t 1,35 1,337

1,2 tf 2 1,2

Inhighschoolnotations 1 at 9 2 1 7 3 21

Remarks 111 Parametric form isnotunique manychoice as ineg
III From the answer we get symmetric fam

9 t

1 219 2

zy 2 7 3



Planes in 1R sitti ascertainP

1 P a plane in IR g ftp.tar

a a point on P

2 linearly independent vectors on p

STER

Then Parametric From of P

x ̅ at Sitti

twoparameters

127 P a plane in R ñ p

a a point on P nÉaox ̅
ñ a normalvectorof P orthogonal

ie it isperpendicular to P ñ o

Let a 191,92 as ñ Chi ha ha and x ̅ x y Z

xE̅P Ix ̅ Hñ

x ̅ a ñ o x.̅ñ a.ñ
x 91 y Az Z Az Ni Nz h 0

nixtnaytnsz
nkes.tn



Equationof P general in
c a ñ

next haythsz C provided ñ thinkhs

eg Suppose P is a plane inR passingthrough

A 0,0 1 B 10,2 0 1 1,0
Represent P using Cil parametricform ii equation

Sola i Pick Ñ A Bad ñ ñ
i EAT.AT etc g c

A w̅ Ba 10,0 I

ñ 0,20 10,0 1 0,2 1

w̅ 1,1 0 0,0 1 1,1 1

Then theparametricfamofP is x ̅ 10,01 510,2 17 1 1,11 1

STER

Ii Take ñ ñxñ I I
0 2

1 1,2 check

I 1 1

Eqt of P x y Z 0,0 1 1,2 0

ie y 27 2 check

or x y 27 2



eg Find the distance between A th pI
A 12,111 and the d

P 29 2 4 I

Solu From 5 1 1 2 1 P
consider the line L passingthro A in thedirectionofñ

x ̅ A tñ
2,1 1 t 1,2 11

12 t Hat 1 t TER

Let a be the intersection of L and P then

I canbe found as follows
put x y Z 2 t Hat 1 t into eqt.CA of P

2 A 2 Hat t t 4

t check

Ñ 2 1 21 121 1 f

E 0 check

Hence distance between A P distance between Aea

2 Pt 1 05 13

ofcourse onecan developthedistance formulausingthismethod 1715Text



eg Line in R by equations

Two planes intersect at a line if notempty R

Fainstance

1
9 67 6 1,1 6 1 1 2 L

x y 27 2 are linearlyindep
EX

is a line ThenGaussian Elimination willgive us a parametricform

of the live.ie solving the systemof linearequationbysetting

a variable to be a parameter eg
Ex

2

e
bysetting t linearalgebra

l

eg How about 3 linearequations

Linear Alg Case 1 uniquesolution ie intersection point

Case2 Infinitely manysolutions couldbe a line

or a plane

Case3 No solution ie no intersection

P
eg P P Ps

Pr

infinitelymanysolutions p Nosolution

Ex Tryother situations



Remark In n die a hyperplane is given by x ̅ ñ C

as in planes in 173 dim hyperplane n t

Thenlinearalgebra all possiblesituations for intersections

ofhyperplanes
Discussion omitted


