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Figure 13.25 Cartesian

- Add z-axis. Right-handed
coordinate system.
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Figure 13.26

First octant
{(x,y,2:x>0,y>0,z>0}

—
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yz-plane X h— 0

[xyz-space is divided into octants.j
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Figure 13.34 _,\‘@ (5

z)

i

X

Sphere: (x — a)? + (y — b)? + (z — ¢)? = 2
Ball: (x —a)? + (y = b)* + (z — ¢)* = r?
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Figure 13.2

\ 7
& —C

=\

Electric field vectors due to two charges Velocity vectors of air flowing Tracks of elementary particles in a cloud chamber
over an airplane wing are aligned with the velocity vectors of the particles.
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Figure 13.43 (b)

_ Work = [F|ld| cos 6

<|F| cos 6>
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—

V
Definition Dot Product K@; L
U
Given two nonzero vectors u and v in two or three
dimensions, their dot product is Q= sz

u-v=lul|v|cosé, % wev=

where 6 is the angle betweenuand vwith 0<8<r
(Figure 13.44). Ifu=0o0rv =0, then u-v=0and 6

is undefined. U ou v
“ %f’“
)=
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Figure 13.55

Component of F
perpendicular to r
has length |F|sin 6.

@Pearson Copyright © 2019, 2015, 2011 Pearson Education, Inc. All Rights Reserved Slide - 81



Definition Cross Product

Given two nonzero vectors u and vin °© °, the cross product U XV

Is a vector with magnitude

‘u X V‘ = ‘u‘ M sin 6,

where 0<6<7 isthe angle between u and v. The direction of WXV

Is given by the right-hand rule: When you put the vectors tail to tail
and let the fingers of your right hand curl from u to v, the direction of U XYV

is the direction of your thumb, orthogonal to both u and v (Figure 13.56).
When uxv =10, the directionof WXV jsundefined.
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Theorem 13.6 Evaluating the Cross
Product

Let u=ui+u,j+ukand v=vi+v,j+v,k. Then
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Section 13.5 Lines and Planes in Space

Gier pt Pl ) m
verr_\7=<a b<>//Q
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- _ _ _ X=X +at
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Figure 13.66

A [Equation of line 8}
r=r,+w | ,t—
Sint @b e? A
| P(x,,2) ‘ a,we«
v

Fixed point ’
Py(Xy» Yor%e <A v=abc:i
> N any vector in
/ r=O0P =(x,y,2) the direction of .
rO=OP0=<xsy0aZ0> 0
y
X
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Equation of a Line

A vector equation of the line passing through the point

P,(x,,¥,-2,) in the direction of the vector v={(a,b,c) is r=r,+tv,or

<x, ¥, Z>=<x0, Vo> ZO>—|—t<a, b, c>, for —oo <t <0,

Equivalently, the corresponding parametric equations of the
line are

x=x,+at, y=y,+bt, z=z,+ct, for —oo <t <oo.
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Figure 13-72 T
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2h

o a(w\»rl)(a 4\ec™ /
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" The orientation of a plane is
specified by a normal vector n.

All vectors P P in the plane
_are orthogonal to n.

/
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General Equation of a Plane in R Cubed

The plane passing through the point P, (x,, y,,z,)

with a nonzero normal vector n=(a,b,c)

IS described by the equation

a(x—x,)+b(y—y,)+c(z—z,)=00r ax+by+cz=d,

where d =ax, +by, +cz,.
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Figure 13.73

An = {a, b, c)

n ax + by + cz=d,

ax + by + cz=d,

ax + by + ¢z = d,

The normal vectors of
parallel planes have
the same direction.
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Exounpe 5 Frad e athm\ o’f
(a) \)&SSH\ 't}uo%l\
Figure 13.74 (8 posghgh e

0= —1 (x-2)+2(§+3) +3(-4) %Q,..A;t
zp ="' +2a+3£~+(2+6_,

n=(—1,2,3)
P2, =3, 4)
-,
/
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a plane
PP -3 ‘ﬂ with a normanec"'orﬂ < 2,51

@ﬂoi " ?eqsen&a&ar T the QmL

=24 —6>

=2, -
"’l<—| 2 3>
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Example 6 Find aneguation o-}ﬂw?\amﬂifp@ﬁes
W poTs @Q(I 4,0) R(o/-l, S’Q
Figure 13.75 ) 7= pa x PR=| :

- £ 7

& o s

Z
L& n=@><ﬁ2 5x/+4y+52 21 =<I0)8) 10>

= 2 (L// LI—/ -(7
E\R(O,—I,S)

o Y- | 2-%
0=%5 4,57 <x2, 44

X 01, 4, 03‘?:\ = C'X Y4 + g z
_(;0 -4 +l§§

(e S
PQ and PR lie in
the same plane

PQ X PR is orthogonal
to the plane.

J
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EXMPIQ I P‘w\e Q - 29(-’35 —Z—zé

| s
i aed'l'O “—Q—tb& Y\:<2-5/—\>
() Find 6 v M\or:\h sk i c;orcl'mz*'e e

0 +d Pl at whi g
Figure 13.76 %;;ifi g <2t o s b which @ e

cvordinale P\@ules '

The line 2x — 3y = 6, - —
z = 0, in the xy-plane 4\ x—0X1S - =F=
y-ong: R0
- =Y =9
3> -axs %
=0

The line 2x — z = 6,

m the

(0,0, —6)
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Two Plaﬁes are Pa/m“el or Or_wuﬂonal

Figure 13.77

4 .. )
Two distinct planes are

parallel if n, and n,

are parallel. )

p 1y

)

" Two planes are
orthogonal
ifn;-n, =0.

.

\

/
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Definition Parallel and Orthogonal
Planes

Two distinct planes are parallel if their respective normal
vectors are parallel (that is, the normal vectors are scalar
multiples of each other). Two planes are orthogonal if their
respective normal vectors are orthogonal (that is, the dot

product of the normal vectors is zero). i o
] R@VI—&A] 0“ LQSSJT\ 2 ?P// @#ﬂ- \ 0N f&ﬂe
n
Q%MAW nﬂ Q*M XX, 3~3 2-3>=TOb G P
A ixzx rat Py 2)
3 4o +bT Gion o bt D2 ™ P
P/o///\l &% tett v C:‘:lec‘l‘or =<‘1,b,¢>—'- Y

Gven O:J)‘f P, %, ‘:'}o\/"/"Q C)»- (a b Cy e <x~¥, %’%a%%fp n L R
o vectov V=<“/‘,C? i .—-Q(X"Xo)et-b(\é ‘alo}f‘q%%)
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Fxanple T Find an egiaion oftthe U of
‘\Z\ereE\UV\ o% m?\aj?:zg @Ofou—)—&ﬂfi- <.
Figure 13.78 R :ax4y ~2=[,

K o

/)
3X = [2-3 @x:""&
v A ,f'/R7 =%~ 3
R / 4 PE=-%x-24

g
y n, ‘

/“ ~|-
Ltk 1,8, = b
O o |
- - @" 3 ‘/0\
2 | A‘ n,and n,. & ! DA
LiQne ; isl;)erpendicular to V= P& :<P‘/ @
nQanan.

Therefore, € and n, X my, are parallel i /X 4 -t

I

n, X m, is a vector perpendicular to

Kto each other. 3 = -+
2=1-t
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Section 13.6 Cylinders and
Quadric Surfaces

C\Tncger 1N sw&w that CT\M?S ‘ '
and {)w,g-u\mué ® \ver\ curve .

@uacﬂ/{rc SW(MQS
A’XL+B€S"+ sz._\_ - g + E_/é— +% +6‘¢-\-H6 +12 +j=o
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Figure 13-79

'\

The parabola y = 7
in the yz-plane

The parabog y =x* 2
in the xy-pl

Lines through y = 72
parallel to the x-axis

Lines through y = x?
parallel to the z-axis
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How YZ SJQQ’}’CI\ C’%lﬁ\cﬂers au\c\ %MaArTcSuj(fa&S ?
~ V

Definition@

A trace of a surface is the set of points at which the
surface intersects a plane that is parallel to one of the

coordinate planes traces in the coordinate planes

are called the xy-trace)the yz-trace, and the xz-trace

(Figure 13.80). » = X=09 g=09
z - zo R= {D a’: 30

fersections with crdinale axes
x-OXIS: 4 =T =U
Yy-aas: A= =0
>-axns: K ’*6: ,
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Figure 13.80, -
=1 = )(+\a "T
= xz*alz 10

Xxz-trace
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raph of the gyfinder

| Example 1 (b) Sketch ty. ap O]L 4
- Gesni =) \a@%%\mz\?—a e
Figure 13.81 T P

Ay

Lines through
xz-trace parallel
to y-axis
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%h\cgev‘ X+ 4—51'——/6 Z*\g\

Figure 13.82 (a) —4 S

2. Draw a second 3. Draw parallel
trace in a plane lines through
parallel to the basic 4\ the two traces.
trace.

N
—
1| -
xy-trace: . 7/ <
W+ 4y =16 [T == P
N =2 />
é A
——
7L \ y
%/ o
4. To give definition
1. Sketch the to the cylinder,
basic trace in draw light outer
the appropriate edges parallel to
plane. L the traces.
J
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Figure 13.82 (b)

I
1
I
1
1
1 S
; P

(Elliptic cylinderj
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Figure 13.83 (b)

Xxz-trace:

x2 Z2

9 T 25 "

(ellipse)

1

(3,0,0)
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o\
(0,0,5)

yz-trace:

2 2
v o2
16 T2 1

(ellipse)

0, 4, 0)

xy-trace:

2 2
ALY
T
(ellipse)
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Figure 13.83 (c)

Ellipsoid
S N S
o t16 T 25 =1
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Examb[e 3 —the S Jedzv\d by —the

wr\ .z.—:.-— +
Figure 13.84 (a & b) Gmfhtmﬂa 4, )
MY -~ trace

- \J Trace in the Trace in the
=0 — plane z = z: Ane X
) 9( 0 0) s ) o
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Review o} Lesson 3 . _
= Culmnder ’Xi‘l‘ Smng<0, ‘?(X/ )=o
N L 3,_ ,&l

elli s.oTJ oz +F"‘Zz.=| X2 gz
QII;P‘ITQ Earabo|oc’cl 7= ?‘ + F

Figure 13.84 (c & d) etz fomchifons

—Traces o'i- coordinale flwuﬁ

Trace in the

plane y = y,: Ellipti;: paral;oloid
=X Ly
T 16 "4

Xxz-trace

yz-trace

Trace in z = z,
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LQSSOV\ 4 EMLMIPkJ & A h}"‘.}@/l)o‘ord o—f@_:mgét\eft

R

Gmﬁ\ 2*? -z=1

Figure 13.85 (a & b)
Taw e Z"_‘-:i}, 2>

Zz. .=
<_ci__._g
7z, =0
2,=\ "/
. 32 2
Nt 212 | ‘ ) 5= 2
Y ~\ﬂ'ercn“;t ALY
A
r A\
=7, traces:
Y 4,2
7 + 9~ 1+ 2z,
(ellipse)
forz, = —2,0,2
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Figure 13.85 (c & d)

’ yz-trace: K (Hyperboloid of
¥, one sheet
— 2 = 3
9 2 1 % .\ % oo
(hyperbola) L )
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Eanple 5 A hd\x,rbo\’uc EaralooloTcL
qr 2= %- é—:

Figure 13.86 (a & b)

With z, > 0, traces in the plane z = z, are
hyperbolas with axis parallel to the x-axis.

xz-trace:
=
(parabola)

y
yz-trace:
__y
=7
(parabola)
With z, <0, traces in the plane z = z, are Hyperbolic paraboloid
hyperbolas with axis parallel to the y-axis. 2 y?
Z=x" ==
4
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Exangle ¢ - Ellijic cone i o) ()

GrraV\\ —35; X %z: 4°<L
Figure 13.87 (a)

xy-trace: ( 2= o)

Z y — i4.x 2

= o+ 2 Traceinthe 4 (two lines) _%_ = ‘
—g—fizdfxo planex—x —— & h
N*( a).— i,z— 4 lS an eﬁ S€. P =4 - LLLXB‘_

- e—{- ~

[: =(‘3 +4x\(‘é -4x)

tho _

Sy=e drax70

ZO T
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Figure 13.87 (b)

@ Pearson

(Elliptic cone
2
);— + 722 = 4x?

N\

N
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é’rlmfk —ML 45 +%L+64«—80=0
Flgure 13 88 % (x 4x+2L)—4az+§=go—-/é-z

= »l-\-QCZ,)'{' ——>|

I3 Hyperboloid of two sheets 'é (‘X“lx‘ 4‘3 +2 =1 6
:$ % 4‘ _>£->4-or Z.\ —(x—2)2 .L_|__
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Table 13.1 (143

Name Standard Equation Features
x2 y2 Z2
Ellipsoid — + 7 +5=1 All traces are ellipses.

ha‘aev\w\ou!. Xt bn-® one <hotk-
_)(_:_ hf_\'& =1 -Ul)oglt@jz

&, b ¢
Elliptic 7= x_z + Y Traces with - =z, > 0 are ellipses. Traces with
paraboloid a 3 X=x,0ry=y, are parabolas.
x" 4%
2T

g peeit2= - Gt R
2_: x\
Cone 2 " %
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Table 13.1 2of3)

Name Standard Equation Features Graph
2

Hyperboloid ﬁ + Y _ é -1 Traces with = = z; are ellipses for all z,.Traces with

of one sheet a X =x,0ry=y, are parabolas.

[

Traces with = =z, with |z,| > |¢| are ellipses. Traces

Hyperboloid 2
=1 withx=x,andy =y, are hyperbolas.

X
of two sheets _a_z

QNI NN

EW
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Table 13.1 zof3)

Name Standard Equation Features Graph
2 2 2 e . L
Eliptic cone X_2 A 2_2 Traceswith - =z, #0 are el[lpses. T(acgs with x =x,
a ¥ ¢ ory =y, are hyperbolas orintersecting lines.
Hyperbolic _2 T ith = = =, #0 are hyperbolas. T ith
paraboloid z= R races with = = =, # 0 are hyperbolas. Traces wi

x=x, 0ry=y, areparabolas..
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