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Derivatives Review:

 Basic Derivatives:
* Compute the derivatives of f(x)=3x2+2x—1
 Find the derivatives of g(x)=sin (x)
dProduct and Quotient Rule:

* Apply the product rule to find h’(x)
if h(x)=(2x+1)(3x—4)

X2+1
X—2 )

* Use the quotient rule to find Cg((

1 Chain Rule:
* Compute the derivatives of y=v2x+1

f (x)=6x+2

g (x)=cos (x)

h (x)=2(3x—4)+(2x+1)3

Ix(x—2)— (x2+1)

(x=2)2
1 ) 1
. 2V 2x+1 V2x+1

using the chain rule -

dx

.. d
+ Find 7—(cos (3x%))

(cos (3x%)) =6xsin (3x?)
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Integral Review:

O Basic: 3
* Evaluate | (4x3 +2X2—3) dx B i gl 21 —3x+C
3
* Find [eXdx | =X 4
O Definite Integrals:
 Calculate fol (2x+1)dx =2
* Evaluate f_nn sin (x) dx = ()
O Integration by Parts:
« Use integration by parts to evaluate [ x cos (x)dx | = xsin(x)+cos(x)+ C
* Evaluatef e*sin(x)dx | —e* cos(x)+e* sin(x) L
O Chain Rule: 2
L 1 1
*  Make the substitution u=2x+1 and evaluate | o dx | = > In (2x+1) +C
»  Use substitution to find [ x2vx3+1 dx
3
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Vectors 1n 2-Space

* A scalar 1s a real number or quantity that has a
magnitude, such as length and temperature

* A vector has both magnitude and direction and
it can be represented by a boldface symbol or a
symbol under an arrow, v or 4B

v

b

(a) (b) (c)
Figure 07.1.1: Examples of vector quantities
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Vectors 1n 2-Space (cont’d.)

e Characteristics of vectors

—The vector 4B has an initial point at 4
and a terminal point at B

—Equal vectors have the same magnitude
and direction

—The negative of a vector has the same
magnitude and opposite direction
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Vectors 1n 2-Space (cont’d.)

—If k#0 1s a scalar, the scalar multiple of a
vector k AB is a vector that is |k| times AB

—Two vectors are parallel 1f they are
nonzero scalar multiples of each other

— - /3 > | —
AB [/ -AB EAB /_ZAB

Figure: Parallel vectors
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_>
AB
C
=
A 8
(a)
(a)
B
- = =
AB CB=AB-AC
C
A —>
AC
(b)

Figure: Vector CB is the difference of AB and AC

Addition and Subtraction
of 2-space vectors

(b)

: — — —
Figure: Vector AD is the sum of AB and AC
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Addition of 2-space vectors

Law of Cosines

J

7 — —12 —2 —s ||
A T R
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Vectors 1n 2-Space (cont’d.) | *
a=21—-3j=(2,-3)
* A vector a=(a,,a,) is an ordered pair of real
numbers where a, and a, are the components
of the vector

(12

:
i
[

(Il

— Addition and subtraction of vectors, multiplication
of vectors by scalars, and so on, are defined in
terms of components

Definition 7.1.1  Addition, Scalar Multiplication, Equality

Leta = {a,, a,y and b = {b,, b,) be vectors in R>.

(i) Addition: a +b = (a, + b, a, + b,) (1)
(ii) Scalar multiplication: ka = (ka,, ka,) (2)
(iii) Equality: a=b ifandonlyif a, =b,,a,= b, (3)
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Vectors 1n 2-Space (cont’d.)

* The component definition of a vector can be
used to verify the following properties of

vectors
Theorem 7.1.1 Properties of Vectors
(i) a+b=b+a <« commutative law  ggudi
(ii) at+(b+tc)=(a+b)+c < assoclative law waeums
(iil) a+0=a <« additive identity lnaneninisuan
(ivy a+(—a)=20 « additive inverse HNEWNI9LAN

(v) k(a+ b) =ka + kb, k a scalar

(vi) (k; + k,)a = k;a + k,a, k, and k, scalars

(vii) k,(k,a) = (k,k,)a, k, and k, scalars

(viii) la=a

(ix) Oa=0 < zero vector
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Vectors 1n 2-Space (cont’d.)

* The magnitude, length, or norm of a vector
a is denoted by |a|| =& +4;
* A vector u with magnitude 1 1s a unit vector

—u= (1 / HaH)a is the normalization of a

— The unit vectors i=(1,0) and j=(0,1) arethe 'l .
standard basis for two-dimensional vectors |

a:<a1,a2> =ali+a,]

where a, and a, are horizontal and vertical [/
components of a, respectively e
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Vectors 1n 2-Space (cont’d.)
BETTT  Vector Operations Using i and j

(a) (4,7)=4i+7j

(b) (2i — 5j) + (8i + 13j) = 10i + §j

© [i+ill=V2

(d) 10(3i — j) = 30i — 10j

(e) a = 6i + 4j.b = 9i + 6j are parallel, since b is a scalar multiple of a. b = 3a.

EXAMPLE Graphs of Vector Sum/Vector Difference
Leta=4i+ 2jand b = —2i + 5j. Grapha + band a — b.
SOLUTION The graphsofa + b = 2i + 7jand a — b = 6i — 3j are given

y y

Company
ning.com

(a)




Vectors 1n 3-Space

* In three dimensions, or 3-space, a rectangular
coordinate system 1s constructed with three
mutually orthogonal axes

plane __ ascsssssss -2
Z+ // // :
// // |
t g P(a.b,c), « !
e L 4 |
plane | : |
o xX=a | I
' \L/ [ y y
o | 4
oy, .' : a : /
AN , |// plane
gt ’ L - y= b
&~ Y+ b
S ——— 'x
right hand
(a) (b)
Figure: Rectangular coordinates in 3-space Figure: Octants
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Vectors 1n 3-Space (cont’d.)

* The distance between two points

d(B,B) =A% -x) +(3-0) +(z-2)

WHITLILNN (d) 7811999 (2,-3,6) tag (-1,-7,4)

d:\/(z—(—l))2 +(—3—(—7))2 +(6—4)2 =J9+16+4 =+/29
* The coordinates of the midpoint of a line
segment between two points

(xl+x2 Y+, Zl+22j

b b

2 2 2
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Vectors 1n 3-Space (cont’d.)

* A vector a 1in 3-space 1s any ordered triple of
real numbers

a:<a1,a2,a3>

Definition 7.21  Component Definitions in 3-Space

Leta = {a,, a,, a;y and b = (b, b,, b;) be vectors in R°.

(i) Addition:a +b = {(a, + b, a, + b,, a; + by)

(ii) Scalar multiplication: ka = (ka,, ka,, kas)

(iii) Equality: a = b if and only if a, = b, a, = b,, a; = b,

(iv) Negative: —b = (—1)b = (=b,, —b,, —b>)

(v) Subtraction:a — b =a + (—=b) ={a, — b, a, — b,, a; — by)
(vi) Zero vector: 0 = (0, 0, 0)

(vii) Magnitude: ||a| = Va + a? + a2
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Vectors 1n 3-Space (cont’d.)

* Any vector a=(qa,,a,,a;) can be expressed as
a linear combination of the unit vectors
i=(1,0,0)  j=(0,1,0) k =(0,0,1)

a=(a,a,,a,.)=al+a,J+ak
< 1955 3> - 1 2J 3 99 1= (-1,3,7)

: il (s-l. 6, 7) ﬂqﬂ 2: (3,3,7)
k ﬁ&___ﬁ3 99 3=(-1,6,4)
/-j »"’ (3,3, 4) 4 ¢ 4=(3,6,4)
: 'R 5,6="2
(a) X (3,6,7)’ (_1,3,4)

Figure 07.2.8a: i, j, and k form a basis for R3
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Dot Product
* In2-space, a-b=a;b; + a,b,
* In 3-space,

* In n-space,

Theorem 7.3.1 Properties of the Dot Product

(i) a-b=0ifa=0o0rb=0

(i) a-b=b-a <« commutative law
(i)a-(b+c¢c)=a-b+a-c « distributive law
(iv) a -(kb) = (ka)-b = k(a-b), kascalar

(v a-a=0

(vi) a-a= |al

» Alternative form of the dot product a-b = al|[b|cos®
a=-—3i—j+ 4k b = 2i + 14j + 5k, a-b=
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Dot Product (cont’d.)

* 2 vectors (a and b) are orthogonal it a-b =10

* The angle between two vectors 1s given by

a=21+31j+k,b=—1+5)+k
a,b, +a,b, + a,b,

ROTT l l= b= 27 a0 =14
cos0 = 14 = 0~43.9°

V14+/27



Component of a on b (Usuaenans)

. a-b
* The componentofaonb fAs comp,a=-—- T
HbH llal| cos H—compha

b

bl = Ve, [lal| = V29 \O/

/\/\:yy/l;-j cos
(2i + 3j — 4k) | i+ j+ 2k) 2 |
comppa = (21 + 3) — . \/ i+ j+2k)=—F
V6 V6
b=(G+j+ 2k) l (2i + 3j — 4Kk) 2
comp,b = (1 + ) + 2K) - \/._ 21 +3) —4K) = ——F—.
29 V29



Component of aon b

. a-1 .
* The componentofaoni = compa=-——=a-i

i

* The componentofaonj = comp a= ﬁ =a-]
J

* The componentofaonk _ comp, a = ak a-k

Component of a on a vector b, we dot a with a unit vector in the direction of b
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Projection of a on b (Usuaiamnes)

hf'ﬁﬂl,m'aﬁfmiwmmlm t')
|

i = Compu) (i) = (22) (1) - (2
projp b4 o o1/ o) = b
I
Pl
Epmjja
‘ ; /»_'y unit | b
proja /i i P vector m
hromcons : —
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Projection of aon b

pofa = Ccompy) (1) = (32) (1) = (&)

Find the projection of a = 4i + j onto the vector b = 2i + 3. Graph.
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Dot Product (Direction Cosines)

fha = aql + a,j + azk, w a, B, y sswinaneawes a uaz
NAWDS 1 j, k wwgnisenin “Direction Angles”™

a-k :
Jall|

J ,COSY)Y =

COSa =

a,
cos o= L ,COS f =—=,c08y =

HaH

cosa,cos f,cosy are called "Direction Cosines"
a=21+5]+4k

1 2 —1[ 5 _1 4
OL = cos T ~ 72.7° IB —cos —\/7 ~ 41.8° 7y =cos —— | &~ 53.4°
45 @ Sharpshot/Dreamstim carn4.(__§p> ght @ 2017 by Jones & Bartlett Learning, LLC ar Aﬁceﬂ-ds'., edrning Company
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f889
auuflvszey C — H v 1.1 A ,06=109.5°
mszey H — H=?

sveir H—H = ||b — a B—a

Ib—a||=y/(b—a)-(b—a)=Vb'b — 2a-b+a-a

=J|Ib||2+||a||2 —2|la]l||b]] cos e=J(1.1)2+(1.1)2 —2(1.1)(1.1) cos(109.5°)

=/1.21+1.21-2.42(-0.333807)~1.80 angstroms
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Cross Product

e Determinants munu)

dq do =9
b, bo| = a1b2 —a2by P ECHION O
d1 dp 4dg
b1 b2 b3 = al bz b3 _aZ b1 b3 +a3 bl b2
C, C3 C1 C3 C1 C
Ci C C3

* Cross Product of 2 vectors 1s given by

i j K
a Xx b = |41 do ag — i(azbg - a3b2)-j(a1b3 — a3b1) + k(a1b2 — azbl)
by by bs
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Cross Product (cont’d.)

axb 1s orthogonal to the plane containing a and b
The magnitude of the cross product 1s given by
axbj| = a][b]sin &

2 nonzero vectors are parallel if [|a x b|| = ||a][[|b]| sin 0° = 0

a-(bxc)=0 ifa, b, and c are coplanar

right hand

(a)



Cross Product (cont’d.

Theorem 7.4.1 Properties of the Cross Product

(i) axXb=0 ifa=0orb=0oraparallelb
(i) aXb=—-bXa

(iii) aX(b+c)=(@Xb)+ (aXc

(iv) (a+b)Xc=(@aXce)+ (b Xc)

(v) a X (kb) = (ka) X b = k(a X b), kascalar
(vi) aXa=0
(vii) a-(@aXb)=0
(viii) b-(aXb)=0

X
©2017 by Jones 22 MNEmMonic for cross
products involving i, j, and k



Lines and Planes 1n 3-Space

How to find various equations of lines and planes in 3-space.
* The vector equation foraline £ 1s r=r, +7a

= < (-4 o a\ dy a v
— 1, 1}, r, A3IANBTIINYANNUAYIUNLETUNSS

2

A

—dLnans £ Aan1s1iLmas P(x, y, 2

—1AAnes a AsLdAmasiAMG p (. |

Z) a

(AAANIAEINULIAKS I-T,) &,

\7

Figure 07.5.1: Line through distinct points in 3-space

@ Sharpshot/Dreamstime.com Copyright @ 2017 by Jones & Bartlett Learning, LLC an Ascend Learning Company
www.jblearning.com



A\

Example of Lines in 3-Space reowo

r

1

* YIMAUNTIANDSEMSULEURT(vector equation for a line £, KU (2,-1,8)
wag (5,6,-3)
a = <2-5,-1-6,8-(-3)> = <-3,-7,11> #30 a = <5-2,6-(-1),-3-8> = <3,7-11>
i dunsamnes daninfu
<Xy,z> =r1,+ ta=<2,-1,8> + t<-3,-7,11>

<Xy, z> =1,+ txa = <5,6,-3> + t<3,7,-11>
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Lines and Planes 1in 3-Space (cont’d.)

* The vector equation for a plane P is n-(r-r,)=0
— Plane passes through a given point and has a specified normal vector n

— r, and r are vectors from the origin (0,0) to points P,, P on the plane %

n
A n
;

®L; P
n (]
I Pyxpyp ) TN P(x, v, 2)
Origin
(a) (b)

Figure: Vector n is perpendicular to a plane
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Example of Planes in 3-Space
1. IWUIEUNITVDNTEUIU (vector equation for a plane) Feivaeesieein n = 2i + 8j — 5k

waeilyn (4,-1,3) 9gUUSLUIUANNATD? n

o n-(r-r)=0

PP=r—-r=—-4)i+y+1)j—-(z-3)k=0 P

n(r—r)=2x—-4)+8y+1)-5-3)=0 . . O
III;L;LFT;”‘ X V. 2)

S ANNITVOITTUIL AB 2X + 8y — 5z + 15 = 0 |

2. wmaumiﬁuaﬁgmuﬁﬁﬁ;m (1,0,-1), (3,1,4) waz (2,-2,0) aguuszuy

3,1,4
(")}u=2i+1i+5k,

(1,0, —1) z
(3,1,4) } o
v=1i+3j+4k 16
(2,—-2,0) 3

Gyl }W=(x—2)i+(y+2)j+zk 16 y

2,—2,0 1
@207 70 X/i/
uxv=|[2 1 5|=-11i—-3j+5k 16
1 3 4 5
(uxv).w=0=-11(x—2) —3(y+ 2) + 5z
—11x—3y+5z+16 =0
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Example of Planes 1n 3-Space

3. WuaUNIsTNsTIIUNga (4,3,1), (6,4,4) uaz (1,2,-1) aguuszuiy

mz;n} (43n}
=3i+1j+2k =2i+1j+3K
(4.31) u=3i+1j+ (6,4,4) v=ZI1+1)+
(4,3,1)}
w=(x-4)i+(y-3)j+(z-1)k !
(X,Y,2) n-(r-r)=0
%
I j P,(x fvizy) o P(x, y.2)
uXV: 3 1 2 :i_5_j+k l
1
n"(r-r1)=(uXv).w = (x-4)-5(y-3)+(z-1) =
x—5y+z+10=0



Examples

Graph of a Plane

Graph the equation 2x + 3y + 6z = 18.

EXAMPLE 11 Graph of a Plane

Graph the equation 6x + 4y = [2.

EXAMPLE 12 Graph of a Plane

Graph the equationx +y —z = 0.



Orthonormal Basis (§1UL39619210)

* Every vector u in R? (n=2) can be written as a linear combination of

the vectors in the standard basis B = {eq,e,}, = {i,j}, wherei =

(1,0),j = (0,1)

* Every vector u in R> can be written as a linear combination of the

vectors in the standard basis B = {eq, e, e3} = {i, j, k}, where i =

(1,0,0), j =(0,1,0), k = (0,0,1)
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Orthonormal Basis (§1UL39619210)

Orthonormal basis = mutually orthogonal (e; - €¢; = 0,1 # j ) and unit

vectors (|lej]| = 1)

HOW TO transform or convert any basis B of R% or RS into an

orthonormal basis?
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Example of Orthonormal Basis for RS

The set of three vectors

W, = \lﬁ\l/;\]ﬁ“’v: _\2/6'\]/6'\]/_ s \]/5_\2
s wm e b

. . f 3 3 5 s 3

is linearly independent and spans the space R°. Hence B = {w,, w,, w3} is a basis for R".
. . . 3

Using the standard inner product or dot product defined on R”, observe

W oW, =0,w, w3 =0,w,-w3;=0, and |w,||=1,|w,]| =1]|w;]=1.

Hence B is an orthonormal basis. =

A basis B for R" need not be orthogonal nor do the basis vectors need to be unit vectors.
u, =(1,0,0), u, = (1, 1, 0), u; = (1,1, 1)

in R? are linearly independent and hence B = {u,, u,, u;} is a basis for R*. Note that B is not an
orthogonal basis.

Generally, an orthonormal basis for a vector space V turns out to be the most convenient basis
for V. One of the advantages that an orthonormal basis has over any other basis for R" is the
comparative ease with which we can obtain the coordinates of a vector u relative to
that basis.



Orthonormal Basis

Theorem 7.7.1 Coordinates Relative to an Orthonormal Basis
Suppose B = {w,, w,, ..., w,} is an orthonormal basis for R". If u is any vector in R", then
u=(u-w)w; + (u-wy)w, + == + (u-w,)w,.

] ] ] > < 2 ] ] > < ] ] >
wl - < ’ ’ ’ w2 - o ’ ’ ’ w3 - O ’ s
V3 V3 V3 Ve V6 V6 V2 V2
Find the coordinates of the vector u = ( 3, —2, 9) relative to the orthonormal basis B for R’
given in (1) of Example 1. Write u in terms of the basis B.

SOLUTION From Theorem 7.7.1, the coordinates of u relative to the basis B in (1) of Example 1

are simply
10 | 11
u-w1=%, u-w2=%, and u-w3=—%.
Hence we can write
10 —
u = 7W1 =



Gram—Schmidt Orthogonalization Process
(wnsu-viinv aslslnuaalatgulnsis)

Gram— Schmidt orthogonalization process 1s an algorithm for
generating an orthogonal basis B’ = {v;, V,, ... , v, }, from any
given basis B = {uy,u,, ... ,u,}, for R

How?
Key 1dea in the orthogonalization process 1s “vector projection”
(Review: projpa)

Creating an orthonormal basis B = {w;,w,, ... ,w,} by
normalizing the vectors in the orthogonal basis B’
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Gram—Schmidt Orthogonalization Process
(Constructing an Orthogonal Basis for R?)

* Transformation of a basis B = {u,u,},
for R% into an orthogonal basis B’ =
{vy, v, } consists of 2 steps.

(a) Linearly independent vectors u; and u,
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Gram—Schmidt Orthogonalization Process
(Constructing an Orthogonal Basis for R?)

e Iststep, we choose one of the vectors in B,
say, Uy, and rename 1t as vy

* Next, we project the remaining vector u, in
B onto the vector v; (projy, uz)

« .and define a 2™ vector to be
V2 = Uz — Projy, Uz

* projy,u; = (uZ.Vl) \'

Vi1'V1

Projy, U2
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Gram—Schmidt Orthogonalization Process
(Constructing an Orthogonal Basis for R?)

@ Sharpshot/Dreamstime.com Copyright @ 2017 by Jones & Bartlett Learning, LLC an Ascend Learning C

) Vy =1, prni\.lu_»
Projy u;

——
—
—
——
—

v, and v, are orthogonal
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Gram—Schmidt Orthogonalization Process
(Constructing an Orthogonal Basis for R?)

The set B = {u, u,}, where u; = (3, 1), u, = (1, 1), is a basis for R*. Transform B into an

orthonormal basis B” = {w,, w,}.

SOLUTION We choose v, as u;: v, = (3, 1). Then from the second equation in (3), with
u, v, =4andv, - v, = 10, we obtain

4 1 3
v, = (1, 1) — T(‘)<3 1) = <—§‘S‘>

3 . P > .., goniia
The set B' = {v,. v5} = {(3, 1), {(—4%. 2)} is an orthogonal basis for R*. We finish by normal-
izing the vectors v, and v,:

| < 3 | > ‘ 1 < | 3 >
Wi s a—e Wy S et ana W, ==——=V% =S \—"—""F= T —/
il V10 V10 v, V10 V10

The basis B is shown in FIGURE 7.7.2(a), and the new orthonormal basis B" = {w,, w,} is shown
in blue in Figure 7.7.2(b). =

In Example above we are free to choose either vector in B = {u,, u,} as the vector v,.
by choosing v, = u, = (1, 1), we obtain a different orthonormal basis, namely, F

where w, = (l/\ﬁ. I/\/§>a|1d W, = (l/\/?_ —l/\/i).

W

1
(a) Basis B

W,

|
(b) Basis B”

"

However,

{W, Wy},
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Example of Orthonormal Basis for RS

fez=[001] =k

y=x[0]i+ x[1]j+x[2]k

y = 2[0]el + 2[1]el + x[2]e2
= X[O]w0+3{[1]wrl +3{[2]w2

el=[010] =]
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Gram—Schmidt Orthogonalization Process
(Constructing an Orthogonal Basis for R?)

Now suppose B = {u,, u,, u;} is a basis for R".
Then the set B’ = {v,, v,, v3}, where

Vi — U projy u,
uQ V] /
V2 — uQ — Vl
L )
rojy, us
Us "V, ] B
V3 = U3 — Vi —
L) e V)
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Gram—Schmidt Orthogonalization Process
(Constructing an Orthogonal Basis for R?)

The set B = {u;, u,, u3}, where u,;, =(1,1,1),u, =(1,2,2),u; =(1, 1, 0)
is a basis for R>. Transform B into an orthonormal basis B”.

SOLUTION We choose v, as u,: v, = (I, 1, 1). Then from the second equation in (4), with
u, v, = Sand v, - v, = 3, we obtain

1 l>

3'3/

= £, the third equation in (4) yields

| 1 1
vi = (1, IO)——<|»|»'>+§< _’§’§>

2 2 2
—<| 1, O) +<—§ —5,—§> +

The set B' = {v,, v, v3} = {{1, 1, 1), (=%, 1, 1), {0, 3, —3)} is an orthogonal basis for R>.

B” — {“’l,“'z, \"1},thrc A:[l 1 1,122,1 10]',
B = grams(A)

S 2
v, =(1,2,2) — ;(I, 1, 1) = <—;

Nowwithu;-vi=2,v, v, =3, u3:v, = —

|-
o
=
o
-

[

veve " wmveve 20w

W, =




Gram—Schmidt Orthogonalization Process

Theorem 7.7.2 Gram-Schmidt Orthogonalization Process

Let B = {u;,u,,...,u,}, m = n, be abasis for a subspace W,,of R". Then B’ = {v,,v,,...,V,},
where

RN us* vy 7
V3 = U3 — iF 3 el T V) (7)
ViV V2° v
VL e (U,,,'V|> v (llm'V2> v < Wy * Vim—1 >V
m — Yy 1 g = m—1s
vy \ORAD) Voo—1"VYm—1

is an orthogonal basis for W,,. An orthonormal basis for W, is

om

B"={w,,w2,...,wm}={ 1 Vi, 1 v2,...,Lv,,,}. any
il [lva 1Vl




Gram—Schmidt Orthogonalization Process

* duyAin B = (Wq, Wo, ..., Wy Wuguasain (Orthogonal
basis) dwsu R uazdh u udaweslaglu R", qsu
u=(u-wp)wy; + (u-wy)wy, + -+ (u - w,)wy,

1 Y
(=74

* 37u B vas R™ anunsegnuvaslugrudinsain

B' = (vq,Vy, ..., V) udauwdasdugruiideann B =
(W1, Wo, ..., W) Tnsmsiinuesusaladiiamesiu B’

* Awas V,, uaz W, lulamasnansainnunaziiuiamasnion
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Gram—Schmidt Orthogonalization Process

e fraghe: maudandn B = {uq, Uy} Willugrussan B

{Wl,Wz} (Iﬂ%]‘ﬁ Uq = (3,1) ae Uy = (1,1))

—1@on vy = uy = (3,1) AT v, = uy — (“Z'Vl) vy =

V1'Vp
4 1 3
4D -2E1=(-13

1 3

—@n B’ = {(3,1), <— E’E» UFUARINF MU R?
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Gram—Schmidt Orthogonalization Process

® (2984:
— Mlalaegnisusddialadiiameas Vq was Vo
V, 1 3
oo ||v1|| B < V10 \/10> 2 T el T <_M'm>
_ g Ingdd R A4R1nN(new orthonormal basis ) (N1

r ___ — 2 ! - = >
— B" = {wy,wy} = {<\/1—0'\/1_0>’< \/10’\/10>}

@ Sharpshot/Dreamstime.com Copyright © 2017 by Jones & Bartlett Learning, LLC an Ascend Learning Company
www.jblearning.com



	Slide 1
	Slide 2: Outline
	Slide 3
	Slide 4
	Slide 5: Vectors in 2-Space
	Slide 6: Vectors in 2-Space (cont’d.)
	Slide 7: Vectors in 2-Space (cont’d.)
	Slide 8
	Slide 9: Addition of 2-space vectors
	Slide 10: Vectors in 2-Space (cont’d.)
	Slide 11: Vectors in 2-Space (cont’d.)
	Slide 12: Vectors in 2-Space (cont’d.)
	Slide 13: Vectors in 2-Space (cont’d.)
	Slide 14: Vectors in 3-Space
	Slide 15: Vectors in 3-Space (cont’d.)
	Slide 16: Vectors in 3-Space (cont’d.)
	Slide 17: Vectors in 3-Space (cont’d.)
	Slide 18: Dot Product
	Slide 19: Dot Product (cont’d.)
	Slide 20: Component of a on b (ปริมาณสเกลาร์)
	Slide 21: Component of a on b
	Slide 22: Projection of a on b (ปริมาณเว็คเตอร์)
	Slide 23: Projection of a on b
	Slide 24: Dot Product (Direction Cosines)
	Slide 25
	Slide 26: Cross Product
	Slide 27: Cross Product (cont’d.)
	Slide 28: Cross Product (cont’d.)
	Slide 29: Lines and Planes in 3-Space
	Slide 30: Example of Lines in 3-Space
	Slide 31: Lines and Planes in 3-Space (cont’d.)
	Slide 32: Example of Planes in 3-Space 
	Slide 33: Example of Planes in 3-Space 
	Slide 34: Examples
	Slide 35: Orthonormal Basis (ฐานเชิงตั้งฉาก) 
	Slide 36: Orthonormal Basis (ฐานเชิงตั้งฉาก) 
	Slide 37: Example of Orthonormal Basis for cap R to the 3 
	Slide 38: Orthonormal Basis
	Slide 39: Gram–Schmidt Orthogonalization Process (แกรม-ชมิดท์ ออโธโกนอลไลเซชึ่นโพรเซส)
	Slide 40: Gram–Schmidt Orthogonalization Process (Constructing an Orthogonal Basis for R squared)
	Slide 41: Gram–Schmidt Orthogonalization Process (Constructing an Orthogonal Basis for R squared)
	Slide 42: Gram–Schmidt Orthogonalization Process (Constructing an Orthogonal Basis for R squared)
	Slide 43: Gram–Schmidt Orthogonalization Process (Constructing an Orthogonal Basis for R squared)
	Slide 44: Example of Orthonormal Basis for cap R to the 3
	Slide 45: Gram–Schmidt Orthogonalization Process (Constructing an Orthogonal Basis for R cubed)
	Slide 46: Gram–Schmidt Orthogonalization Process (Constructing an Orthogonal Basis for R cubed)
	Slide 47: Gram–Schmidt Orthogonalization Process
	Slide 48: Gram–Schmidt Orthogonalization Process
	Slide 49: Gram–Schmidt Orthogonalization Process
	Slide 50: Gram–Schmidt Orthogonalization Process

