»R?

The three-dimensional coordinate system consists of the origin O and the coordinate axes:

11.1: Three-dimensional Coordinate System

r-axis, y-axis, z-axis.The coordinate axes determine 3 coordinate planes: the zy-plane, the

zz-plane and yz-plane. The coordinate planes divide space into 8 parts, called octants.
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Representation of point P(a,b,c) and its projections on the coordinate planes:
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EXAMPLE 1. Describe in words the regions of R* represented by the following equation:
(a)|z=0 | is eTUaJ-\'oV\ ot the Xy~ ‘?\‘”"e 2= (> .7,4)
(X,j)O) 2=C (x,:lc)

(b)|;3, LS ec(\m.h'ow of, the xa-plane

(Q'fﬂm\ 'S ﬂﬂu.o."\'or\ o(‘ Yha sz-Plahe




Note that in R? the graph of the equation involving x and v is a curve. In R?® an equation in

x,y, z represents a surface.(It does not mean that we cant graph curves in R?))

EXAMPLE 2. Sketch the graph of 2 + y* — 1 = 0 in R? R,

x tY =14 R>  cireulac cw&hder




An equation that contains only two of the variables x,y, z represents a cylindrical surface in

R?. How to gmphacylind,’rical surface:

1. graph the equation in the coordinate plane of the two variables that appear in
the given equation;
2. translate that graph parallel to the axis of the missing variable.

EXAMPLE 3. Sketch the graph of (z + 2)* + @- 42 =1inR?
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EXAMPLE 4. Sketch the graph of y = x* in R3
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EXAMPLE 5. Let S be the graph of z* + 2 — 10z + 21 = 0 in R?

(a) Describe S. (q tb\‘_: 01 Frab® \91 gjj)
L+2'-j02+31 = O / 7'1
':r.*z-azg+5 —5*+ 2l =

[ 4

24 (aost-as vl =] 2+ (a-5)= ﬂ

circul or ey &nder

with TQAius a

parallel Yo they aujg

(b) The intersection of S with tife xz- plane is_ecirele  with ]:ndj.us 2 cenleved ok ‘Q'Q' 5:)
=

(c) The intersection of S with the yz- plane is 4wo LnQS "4‘“‘“3“ ( 99 Bl & (°| 0\3)
X+ (@-5\t=y

«=0 D -sV=4 = 2-5=217 77 ¥

(d) The intersection of S with the xy- plane is____€ N P“'_‘j

A+ (2-5Y= ¢4
2=0

=) x - (°‘s\1=‘f
xt = Y-a5

x"= -2l dmpossible



Ia*“t_\_}:a.=4 Spke\-e wilh vadius 4 cenlered ok 0"7370;.
H1-0)1+ (9-of + @-9) =1

d (29 | (aao) =4

Spheres

e Distance formula in R3: The distance between the points P(x1, 41, 21) and Q(x2, ya, 22) is

IPQ| = /(w2 — 21)2 + (y2 — 41)? + (22 — 21)%

EXAMPLE 6. Show that the equation x* + y* + 2% + 2z — 4y + 8z + 17 = 0 represents a sphere,

and find its center and radius.

(lomfwfe Squares (@) =@ £2ab+b>

2
— X + 2% +4
+ 3 -y .y
4 2 4+ 82 + 16

LX
('I. +I)1-\' C\A—)) + (1*‘!\1-= 4 Sphere cendereq|

ok (~1,2,-Y)

d (=y,D , (=1, 1\“')) =2 with vadiug 2.



In general, completing the squares in
Pty +22+Gr+ Hy+Iz+J=0
produces an equation of the form

(z—a)l+y=b*+(z—c) =k

e Ifk > 0 then the graph of this equation is j?t_re cenlered ot (ﬁ. b, C) and radius ‘lz

o Ik =0, then thegraphis __poink (&, b, <)

o If £ < 0 then ho ?Oin\'s



Regions in R3
EXAMPLE 7. Describe the set of all points in R® whose coordinates satisfy the following in-
equality: =% + yQ@ 16
f“'g: 16 cMq&n der
T(S-l- ro-ln-l- {O,o' o)
o<ig (7)

A\ points inside Hhe <ylinden

eyt =i

not including M. foundm? Sty o
R
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EXAMPLE 8. Describe the following region:{(z,y,2)|9 < 2% + y* + 2? < 16}

x‘*31+21= 1 svkeus cendeted o4 (°|qo)
-x1'+\3"*2-"‘=|6 Witk radii 3 ona y

—
3< Nt eyterr <y

Al ‘,.'. My beloeen

Awn  concentric sphereg

C&'\'hl"l‘ at orfa;h WI‘H\

Yadii 3 and Y Cneluding

HQSQ SPheres.
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