
8×5=0 means what?

lñl Itil in 0--0

D= 0 on 5--0 an

sun 0--0 0<-0-1 IT

⇒ 0=0
, IT

ñ⇐É
Algebra rules :

a-✗ (5+3)=8×5+8×3

4%5 = c (a-+53=8×65)



But :

8×(5×8)=5 ✗I = - J
assoc !(Ex E) ✗ i = Ex } = 8 ] not

Instead :
a- ✗ ( b- ✗E) = ✗ b- + BE

= @ •E) I - (a-I)E

Éxlixj) = ixk = j

( i. 5) i - (i.i)j = - j ✓



Triple Product

✓
Just a

a- • ( b-✗E) =/ off / computation .

= -1%1
- +1%1
= E. last)
=(a-II. E

If you believed me. about volume of

parallelepiped, up to sign,
this gives geometric

memos to the triple product.



12.5 Equations of lines
, planes

4- yo = m(✗-%)
Lines in plane : y = mx * b

Most lies hue this notation
.

✗ = Xo also !

This is ok if h (E) = St + 9

(each thus a unique h)

But not quite sufficient for geometry.

We can specify a line more flexibly
,

but less uniquely by swig

a) a point or the lone

b) ancestor parallel to the line
.

nor Zero



1) Blur the distinction between points + vectors :

identify each point with displacement from arson
.

2) .fi -- <vi. is>
I
F. = 4×0,40>

F = E. + to c- c-R

= ( ✗
•
+ EY
, yo

1- the>

What} the slope? ñlo)= 4.yi

8 (1) = Lxotu, , Yotuz>



Rise : yotvz
'

- Yo= V2

non : Xo + y - xu= Y

m = V2 / V
,

8=78 = 474,7k>

F- = irottw describes some love

me 7€ = uzlu
,

74

Point : ↳ yo> as
before

.

Fantastic
.

But we can describe " vertical " loves

this way : 8=40,17

F- so, -19> iete.



I = ( v
, , Vz>

v7 = 41 , Velu,> = < I , m>

¥-9m

in = (Xo , yo> + ( 1
, un> b-

= (✗off
, witty>

↳
x ist !

✗ = ✗• +←

y
= ME+ Yo

y - yo
= m (x - to)



Same technique works in every dimension
.

I =P
.
+ to →

to

→
•

To

I = (x
, -1,2-7 ✗ = to + at

y=yotTo - 4-0,4012-07
2- - Zo t of

E=La,b#
Étui

line "

us
" vector equation "



How
many parameters to specify a line?

1122 : 2 parameters ( one for angle uoa ten §

one for which lie with that-slope

IRS : 4 parameters ( ones two for direction
two for which live

in that direction)

Xo Yo 2-0

→ nedmdlderlt into
a b a

>
>

ro
'
= rot t.it works for

any to

J ' = It works for
my

X -40



Symmetric form ¥16 = C-

Y • = 6-

2--22-0=8

-¥40 =z-# if a) b) a -1-0.

If a= 0 ✗ = Xo 4-6-40=2--22-0

Ita -_o
,
5--0 t-xoy-yoz-arb.tw

↳%⇒i.



& symmetric
E. g. Find paranetreq equation of line

thank (4-4,1) and ( 8, -3,
- 1)

point: ( 2
, -4,1)

vector 46 1
,
-25

Ñ= ( 2, -4,1> + ( 6Gt, -2€>

✗= 2 1-Gt

y =
-4 +

Lz
= I -2€

⇒ =
4+4 = 2¥

what if v= 433-+7

÷} --4¥ -7¥ mnthyz !



Where does this line intersect xy plane?

7=0--7 C-= { ✗ = 21-3=5

y
= -4+12=-72

(9-72,0)
-

How to describe planes :

In 3-of every

plane has a

unique orthogonal

dirtier
.

We call a vector ortho to place a normal

vector
z

2- =3É normal vector:

40,0, I>
y


