











































































































1.3 PlanesfHyperplaries
Let in nnn be a non zero vector in IR

Consider all vectors I that are orthogonal to rt

Ks

These vectors form a ft
plane passing through sez
the origin

H L

The scalare quation of a plane through the origin that

is orthogonal to ri nnn is in I 0 or

N 2e tNzXzthzK

A non zero vector that is orthogonal to the plane e.g ri

is called a normal Vector of the plane

EE Find the scalar equation of a plane through the origin

in 1123 that has in 3.1 as a normal vector














































































































solution
The plane contains all vectors I µ orthogonal

to rt i e T K o

Thus the equation is 2mt3xz kz

What if the plane passes through as air

Aa point plpi.pePz but not p

necessarily through the origin Hz

Suppose in my is a normal vector

se ah If XCx.pe xD is on this plane
i

then Fx I F is a line segment1x ap in the plane
Nz

af Hence I E is orthogonal to rt

So the equation of our plane is in I p 0 or

hi Xi Pi t nz Xz Pa Nz Xs Ps O l














































































































This can also be written as

h X tha Xat N X d
where

d hip theft Msps Hop

E Find the scalar equation of the plane in 1123 that

passes through 92,3 and is orthogonal to 1
Solution The normal rector is in f and a point

on the plane is Plo 2,3

The equation is nilxi PDtnzfxz pdthzlxs BJ

OS.co4 se o H 1 na th t x 3 O

429 sez12 t Krs 3 O

OLI 14ki kz.tk niX tnzXztN3Xz d

Definition Two planes in
1133 are parallel if the normal

vector of one plane is a non zero scalar multiple of the
normal vector of the other


















































Two planes are orthogonal perpendicular if their normal

vectors are orthogonal

The planes Bae z t 313 0 are parallel
4N t x Goes 12

as their normal vectors are
Izzy

and
142,1 21231

respectively

Exercise Are they parallel to ki Ek 312 3 7

What about to n t uz NE I

E The planes 4N 2 2 6 3 12 are orthogonal
N t uz 23 1

as their normal vectors are
14g

and
Ig

and

42g Ig 4 2 Czk1 t 6 C 1 O

Exercise Is either plane orthogonal to
72K Kz t 323 O o



Ex Find a scalar equation of the plane in IRS that passes

through 1 2,3 and is parallel to 4k Kz 110 3 7

Solution The normal rector for the parallelplane is

1,40
so our normal rector in can be anycnon 2e.ro

multiple of this vector

Let's take n L
and p Iz

is given

The plane is 4 se 1 7 sez 2 t 10 uz 3 O

OIL 424 seat 10sez 321

Ex Find a scalar equation of theplane in IRS that passes

through 712,3 and is ortho to 4k Kz 110 3 7

Solution Our normal rector must be orthogonal to fYo
I think o works can youthink of another example10

I

Try to get the equation of the planefrom here



Hyperplane

A hypertan through the origin in R is a collection

of vectors I Ise that are all orthogonal to a given

vector'm
hmm

n

MT Nz
T NIn 1132 this is a

line through the origin se

k

gm
In 1123 this is a

y
plane through the origin m

XH L
The equation of a hyperplane through the origin is

fin I 0



OI
1M Ni t MzZz t t MnNn O 1

We can also talk about hyperplanes that pass through

a point ftppe pn but not necessarily through the origin

The same work we did for planes in 1123 shows that a

hyperplane through Pcpp pn andorthogonal to m

has scalar equation

in I p O

That is M Cri Pi t McGee Pz t t Mn rn p Ol
which can also be written as

M N t Mz Nat e t Mn Nn NT p l

Exi Find the scalar equation of the hyperplane in 1124

that has normal vector ffg
and passes through 14,18,2



Solution Here in fE and F so the equation is

1 se 4 to see 1 21ns 8 3 Ny 2 o

se 4 t 2 Rs 8 3 Ky 2 OI
OR N t 22h 3kg 14i


