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Vector Basics: Dot Product Summary (12.3)

A(ay, a2, a3)

b B(b1, b2, b3)
a=(a,a,,a;), b=(b,b,,b;), 0 is the angle between a and b (0 <& < 2r)
THM: a,b, +a,b, +a;b; = a||b|cos6 [Prove using the Law of Cosines]
DEFN: ab, +a,b, +a,b, =a-b
THM (after substitution): a-b =|a|b|cosé

a-b

COR: cosf =
[a|[b)

THM: Vectors a and b are orthogonal ifand only if a-b =0
The work done by a constant force a as its point of application moves along the vector bis a-b

W=a-b

Scalar projection of b onto a:

The magnitude of the force from b being applied along a is comp,b = El;‘g
a

Vector projection of b onto a:

a
a

The vector representation of the force from b being applied along a is proj.b = ! |2
a



Vector Basics: Cross Product Summary (12.4)

i j k
DEFN: Vector (Cross) Product: axb=ja, a, a;
b b, b

THM: The vector a xbis orthogonal to both a and b.

Geometric Application: The vector a x b is normal to the plane containing both a and b.

THM: |axb|= |a|[b|sin &

Geometric Application: ]a x bl , the magnitude of vector ax b, is the area of the

parallelogram determined by a and b.

THM: Vectors a and b are parallel if and only if axb =0



R? SPACE - Rectangular and Polar Coordinate Relationships
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R’ SPACE - Quadratic Relationships
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— SPACE

I. Points

A. Rectangular Coordinates
B. Cylindrical Coordinates
C. Spherical Coordinates

{I. Lines

A. Parametric Equations
B. Vector Valued Functions f:U c R' + R’

[II. Surface Equations and Graphs

A. Planes
B. Quadratic Surfaces

C. Quadratic Functions f:U < R* > R'
D. Cylinders



- LESSON 1 - POINTS IN R? (15.7, 15.8)

O Relationship between Rectangular and Cylindrical Coordinates:
G‘DM - (.Kt\i.a - (r,@l Z}

Thes © x: res @ y= (sin® z -z

ey

(sameos befae) © Fon @ = -i- os © - %f—

rzo 0<% <2

O Relationship between Rectangular and Spherical Coordinates:

N Goak* (% y.2) —*(f,e.ﬂ

o rho e Phi
NOtE -that radial dustane beegmes rho
and 3D a‘"\‘)‘e Cb measyred fwm nemng)

+2
Dewhipin \
ey .
e 1 ’Wi%cdahﬂs_‘_v_?;-’
zt}sf c,,sg}.'%at-z.:.ocos&
/,92_ sin § = -?)— - r= (osm¢
+X Ry \’
¥y Since 5= rosd ond Y romf:
= e M
=0 U@'{’OWM SD 'H'l :.Xl_(_ul.\-zl:DZ
Lnith s | | bascor | mn o | ]
< b 3 J : - X :._x_
im0 e n | o (b gl 5 )




LESSON 1 - EXAMPLES
1. Change the cylindrical coordinates (1,7,e) and (1,37/2,5) into rectangular coordinates.

() (l,T(,e\

XTrwsbt — x

Sin

Z:“ (61’,45
2 °2 2:95

I N
(v,9,2) \1er'"@ — fzsmw =0 (_-I,O'e)
272 zZ:e
(b) (h %WZ'QW X veos® — X=0053§=0
((1 o Zw \ferIHB - &,: EL



2. Change the rectangular coordinates (2«/5 ,2,—1) and (4,—3,2)into cylindrical coordinates.

wﬁ
(@ (23,2,-1) Ii“‘
r?e eyt ws 9 ‘v _,ws9“=3‘?=€3
F2 21244 =16 8 = ouveos ({3 1%
r- 4 RN o
o -@ o
——
-{—me(nis*ciua,émn-l'

4
al\(i 6\ = Qaaclos (z)

w : CMLCOS(% 266 n the st 100‘”-1‘?"1
o gpt e Hh qadnnt ange

= 2t—9 = 21 —~amos@'g>

Aaswer: (5, 20 — arccos (%)ﬂ)

Note fr cosine, © @ n DI ond T
g= 21-9" n O and RTL




3. Change the spherical coordinates (5,7/2,7) and (4,7 /3,37 /4) into rectangular coordinates.

(‘D (glji(."‘> X'(’WGS’nf{ = ‘S'cos“—smr z D

(\0:91 &3 ‘q : ()JMBSM? : St Lant - 0 (0,D,—S‘7
= fcomb : §sw=-5

|}

X ° cos@smb s 4&)51 Slna_r = 2
(Q (41 EX q: lD 3 ¥ (b_ (ﬁ)f(:'Lri)

"

(Plﬂ'l#) \f:f)ijSlﬂ@ = 45“’]-% sm‘%

z.=€aosc;) r"{ws?‘%:z{}'_



4. Change the rectangular coordinates A. (O, J3 ,1) B. (— 1,1,\/6 ) C. (1,—1,\/5 ) D. (— 1,—1,—\/g )

into spherical coordinates.

)
@ (o43,1) Jxﬁ
N - ,‘__ \: x.: o <
(31: D ¢ (371" u>s¢)--;:—= 2 P  zsn(3 °
p‘z 4):&[6007-'2::1{3- §=W050=%=9
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\
aoe ©
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x 5w



LESSON 2 (12.5)
Parametric and Vector Equations for a Line

X:x, +aft
{7 Yo bt
2.:2,+¢t

Vet ea«_iahm : £ R~ R?

-("('ﬂ g ?o“”év
FO) = g,z + tdabed
PUt) = (% w0ty + b, Z v et

€ xample * eqn of line passim} 'H'm)u?h (-21,6) paalel b <789
Ly 7)) ={-297¢, | +8t, 6+ 9t>
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Ly x-“yo- ﬁi“!oa ‘2'20
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LESSON 2 (12.5)

Equation of a Plane

Plane obtained by camsdering all
Vertos v such Hat v - n = 0
— +hetic =(?‘ —~?°)’?\ =0

F= Y2y
o = (xo,(’.,z-«:)
n:= {abe? (mvmolveo(m)

(F=R)A:o0
(<x"f'z> - £ ¥, 012°>) -da.b, ey = (»)
X~ %o (Y= Yo, 272~ La,be> =0

LaGix) = b (-4 = ¢ (o2 o]
’i‘ v 1, |

l
eoluual.m*\' t
n=dakb c>

( fomd b\{ Hu uxs
?ndw% ot
weskors m the ylone )

¢

2
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EX1: Write a vector normal to the plane 2x~3y+2z=6.

a..x+b¢1+cz=6

n=d2,-3,1)

EX2: Write the equation of the plane through P(1, 2, 3), Q(-2, 1, 0) and R(5, 1, 2).

find fwo vedors
-
Pe = ("3'"\, -39
R du,~t, =\

Cross produert -

ﬁ * PA&" '_’2’\ = <’3l"l'3> X (44 "(" >
Tk -t -3 |, 3-3 1, -3 -
:‘3—‘—3‘=|"""-l41 J+iq—¢2

4 - -

117

-2t - K] +TE = £-2,16,1Y
Eq\sahan. wth A = dab e - {2:51Y and (x.,qo,za) :(I,Z&) N
—Z.(X-—I)"s (\’—'2.)4‘7(2.—-3)’0

-2x - 151*72 +2+%-21=0

l;Zx' 5y + T2 = -l




Examplel: Sketch, identify, and describe 16x* ~9y” +362z% =144
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Example2: Sketch, identify, and describe > +4z> =x.  y = § (‘I'ZW
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Example3: Sketch, identify, and describe z = 2 —3x* - y?

Mangilate : 2 2 2 = (3x* 4 )
f oraippiln d o?w N -2, verex (0,0,2)



LESSON 3 (12.6)

Quadratic Surfaces

okl ferms Posttioe

Trace
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NAME OF SHAPE: hqﬁm’bmid of-one sheat

' Equation  Deseription = Skeich
Trace . oftrace oftrace of trace
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NAME OF SHAPE: ht«)@ﬂoo(oio\ ot 4w shets

5 :: Equation | Description | Sketch
- Trace of trace o oftrace of trace

- 2
= = . . .
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NAME OF SHAPE:  (yne (ot s cones)

i Equation Deseription Sketch
Trace | ofwace  of trace of trace
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¢>0

NAME OF SHAPE:

S?ambol(oid — s & Mnvtian

Trace

1 Equafioh of trace

-Description of trace

gz y? ‘
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c>0

NAME OF SHAPE: Meuboh‘u fwrabolloid (saelcua

. Trace. | Equationof trace | Descriptionof trace |  Sketch of trace
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— MATCHING:

Exer. 9-20: Match each graph with one of the equations.
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LESSON 3 (12.6)
( (W&ﬂ'@ Cylinders

Definition of Cylinder: swﬁ& thd consists & all hnes ( nilin ) ot are fwu

a given axis and pass fingh a g!mwwe
Sketch each graph in R* and R* Y Identify and describe the surface in

neto ﬁadancj OFdh{)zP
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T i 2
! o Pesc *
Ll e MSM oo iy hndey

. Elu
X — ‘ i Y Fr‘:/hnﬁs(w’ ?m‘

Kz R%

3. z=sinx 2

/ w(
Sk R* c Y Sinvseidal aﬂ,jnw uth
= ﬁ Nhngs p




