
More examples illustrating ;
⑤ The graph in Xyz -space of an equation
Fcx
, y ,z)=O with variables × ,y, 2- consists of all

points (×
, y , Z) which satisfy the equation .

Examptel What is the graph of ✗2+5=9 ?
To answer the question we need context - are we graphing the

equation in the xy-plane, or in xyz - space ?
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Exampled Find the equation for the sphere 5 of radius
3 centered at C = (2

,
-1
,
- 3) .

S consists of all points Pcxiyz ) whose distance from C is 3-

3 = dist ( (×
, y,2-3,12, -1, -3)) = (×-25+(y+Hd+lzt3)É

squaring gives a nicer equation

1×-25+4+15 + (2-+3)
-

= 9

2433
,
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NÉE :

An equation for the sphere centered at

the point C = Cab, c) and having radius

R is :

Cx -a)
'

+ (y
-b)
'

+ (z -c)
'

= Rd

(Note this equation could be multiplied out to get :
✗Zty

-

+E- zax -Zbx -Zcx = pi-of-b' -cz

but this equation is messier and usually would
not considered to be an improvement. )

Eiampes ① What does the graph of

(x- 2)
'

+ (y +c)2+12--35 = -5

look like in Xyz- space ?

Notice that the LHS is the sum of 3 numbers that are

0 or larger , so 211-5>-0 but RHS = -5<0 .

Conclusion
,
there are no points .↳y, Z ) satisfying

this equation and its graph is the emptyset .

② How about G-25+(4+1)
'

+ (2--35=0 ?
well this equation has exactly one solution,
namely Cay

,
z ) = (2, -1, 3) * So its graph

consists of a single point . (sphere of radius 0 ? )



Vectorsin.IR#R3

If P and Q are points ( in either 2-space or 3-space) then the line

segment starting at P and ending at Q will be denoted by
POT and called an array (or a directed line segment) .

→ Q
picture :

:p POT

Each arrow PQ→ determines a vector J subject to
the following condition :

• Two arrows represent the same vector whenever they are

parallel
,
have the same length and point inthe same direction .

picture : 4 arrows but just one vector :
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Ncte : This is a bit of a technicality but I tend to write → for

an arrow
,
and → for a vector

.

3-dimensional

AIgebraicviewpo.ir#lfr is a vector then there will be an^

arrow representing ,starting at the origin 0=(0,0-0)
and

ending at some point P = Cais, c) . In this situation we
write F = {a,b , c> for J = at + BJ + at ] .

Here 7=49
, 0,0> , J

= (0,1/0) , I = {0,0, I>



Generalprinipe : If I = La,b- c> and P=Cx,y,z) then

there is one and only one arrow PQ→ that represents F

and it ends at the point Q = (✗+gytb, 2- +c) .

examp1e_ You can use this principle to determine the

algebraic form of the vector ÑQ if youknow the coordinates

of P and Q
.

For instance
,
if P= C- 1

,
-3
,
5) and Q = (2, -1, 3) then

POT = { 2-1-11
, -1-1-37,3-57=43,2 ,-2> and QT = f-3

, -2,2)

There are b- operations involving vectors that carry
a lot of geometric information :

• vector addition

• scalar multiplication
• length ( also known as magnitude or norms
• dot product
• cross product (this only works in dimension 3)

We will examine these one at atime (sections 12.2
thru 12.4 in Stewart) .



vectoradd-it.is IIe input :two vectors
output : one vector

If a- = La, ,Ayaz> andI = Lbybz, bz> then
a- +I = La, tb , ,

aztbz
,
aztbz> .

This definition is geometrically encoded in a triangle :

→

a-+5

• b- ←
choose a- arrow representing
b- to start at the endpoint

in
$

fortune arrow representing a-

We can also interpret this as
→ To

b- I
a-- b-

or
b- -a-

a- a- >.

where { be,bz
,
bi - Lai, az, as> = { bi- ai , bz-az.bz - as>

The
"

Commutative Law for Vector Addition
"

says
that

a- +I =I + a- for all vectors
,
also known as

parallelogram law because

a- ⇒ ris

>

a-+5=5*2
z r


