
MATH 10C: Calculus III (Lecture B00)

mathweb.ucsd.edu/~ynemish/teaching/10c

Week 1:

office hours schedule 
homework 1 (due Monday, October 3)
join Piazza, Edfinity

Today: The dot product

Next: Strang 2.4

:



Equation of a sphere

Example Find the standard equation of the sphere
with center ( 2. 3,4 ) and point ( o , lli

- I )

In arder to write the equation of a sphere we reed

to know the Center ( given ) and the radius ( unknown) .
Radius is the distance from the Center of the sphere
to any point of the sphere ( in particular to (o ,

u
,
-D)

Therefore
i

r=

=

=

Equation of the sphere :



Vector in 1123

Complete analogy with Vector in the plane
• vector are quantifies with both magnitude and direction
• Vector are re presented by directed line segments (arrows)
• vector is in the standard position if its initial point islaqo
• Vector admit the Component représentation À = <xiy ,

-2>

• = ( O ,
O , O)

• vector addition and scaber multiplication are defined
I > À

analogons'y to plane Vector : ×
J' +À

• in the Component forn :

K , (XI , Yi , -2 ,> t kz (X2 , yz , Zz)
= ( K , X ,

+ K2 Xz
, Key ,

+ Kayz , K , Z , t kaZ2)

• E- Choco>
, j' =L 0,40> ,

À -10,0117 are standard unit vectors in À



Vector in 1123

• if E- (xiy ,
-2 >

,
then Î=xÎ + y j' + 2-Î (standard unit forn)

◦ if F- ( ✗ i. Yi , Zi ) ,
Q = Ht , Yt , Ze ) ,

then ☒ = txt -xiiyt - yi ,
-4 - Zi)

• if Û -- la , y ,z ) ,
then HÎH = ✓Été

• to find the unit Vector in the direction Î - <xiyiz ) ,

multiply I by ¥, : û=,Ëii¥iË,
>

Example Let D= ( 0,3 ,
- 2)

,
0=(2,2/2) . Express FÔ

in Component forn and in standard unit form .

PÔ, =

Example (et Î =L 2. 0,6 >
,

Û =L 1
,
-1

, -27 .

Then

I
>

+ 3nF =

DÛ + 3Û Il =



Properties of vector operations
1-et ÛIÎ

,
À be Vector in Rs

.

Let r
,
s be scalars

.

Then

( i ) à + Î=Î+Û ( commutative property )

( ii ) (à + Ï ) + À = à + (J' + À ) ( associative property )

( iii ) à + Ô = Û (additive identify property)
( Iv ) à + tu )=Ô (additive inverse property )
(v ) r (sà ) = (rs ) Û (associativityofscalarmult .)

(ui ) (rts) à = rùtsù (distributive property )
Hii ) r(û+Î)=rÛ tri ( distributive property )

(xiii ) i. Û=Û ,
O - Û=Ô ( identify and zero properties)



Dot product ( scaber product ) f vector
Def If Û = < vi. V2

,
V3 ) and Û = <Wiiwz ,

Wz ) are two

vector in Rs
,
then the dot product or the salar

product of Û and À is given by the sum of

products of Vector Components
I
'

. Û = (in À E- < vi.vas
à = Lui , U2 )

J - Û =

Example s
'

= ( O
,
I
,

- 2)
,

À =L 5,6
, 7)

,

J' • À =

À -_ j' - Î , J' = Îtz j' + ZÎ , ËÎ =

Dot (scaber ) product tales two vector and

returns a number



Dot product

Theorem 2.3 ( Properties of the dot product )

Let Û
,
Û and À be Vector and Kfc be a salar

.

Then (i ) (commutative )

( ii ) ( distributive )

( iii ) (associative )

(iv ) ( magnitude )

Prot .



Dot product

Estampe

Ê =L-2,2
, 1) ,
Î - L - Z

,
-5

, 1)
,

Ê - < 0,3 ,

- 1)

ÀCBÎ ) =

=

à> • (2E ) =



Angle between two Vector

Dot product provides a convenaient way to measure

the angle between two vectors
.

Theorem 2.4 7

â
1f

,
⊖ >

,
◦ ≤ ≤ IT

,

then ii. Î =

> F-

Prot consider vector Û - Û
.

Û
*

70
J

Law of cosines :

11J -ÛIÎ -- HÛHÎHÎIÎ- ZHÛIIIIÛHCOSO



Dot product and angles between Vector

From Theorem 2.4 we have

COS -0 = ,
⊖ =

Example
= ind the angle between ci and J

(a) Û =
- Îtzj - Î ,

J -_ Îtzj
HÛH =

,
HÛH =

,

ii. Û = ⇒ Cos -0 =
,

① =

(b) Û = < 1
, 2,3 > ,

Û =L -7,2 , 1)

Û . J' = ⇒ Cos ⊖ = ⇒ D- =



Orthogonal vector

1f Cos 0=0
,
then D- = ¥

,
which mears that the

Vector Farm a right angle ^

Î
We call such vector

◦

>
⊖ = ¥

>

û
Theorem 2.5

-

he nonZero Vector Û and J are orthogonal

Example Determine whether F- 41170> and J'=L- 6.2.5)
are orthogonal . Since F. § =

we conclu de that P and À are



Orthogonal ity of standard unit Vector

Recall ! Î = LI , 0,07
, j' = < O

,
I
,
O >

,

À = < O , O , I )

Then Î . Î = j' • j' = Î . Î = |

Î . j' =

i. j' = i. Î = ÏÎ -- o
we

soy
that i. I.Î are

Example ( loi - j
'

) . ( -Î + ZÎ )
=

=

< 10 ,
- I , O) . L - I

,
O

, 2) =



Using vector to represent data

Fruit vendor se / Is apples ,
bananas and oranges .

On a given day he se Ils 30 apples ,
12 bananas

and 18 oranges .
Define the Vector

Ê = ( quantifies )

suppose that the vendor sets the following prices
0.5 per apple ,

0.25 per Banana ,
I per orange

Define the Vector of prices
À =

Then J' • À =
is vendons



Projections
1-et à and I be two Vector

.
Sometime we

want to décompose I into two Components
E- à + À such that à is parallel to à

^ and À is orthogonal to Û
ô

ÏÎ> why?
û ↑

.
.
.
.
.

"
"
"

① Find the area of à

Area of this triangle is

② Chill pulls a wagon
a

HOW much force is actually
À- -

moving the wagon forward?



Projections HÂH =

7

J
>

10 à à =

=

Def ( Projection ) .

The Vector projection of I onto û
is the vector labeled projû J given by

projû À =

The length of projûv ,
Il projû ÛH = "Ë¥ˢ= : compèt

is call ed the salar projection of I onto à



Projections
Let I and Û be non zero vectors

.

Then

Û and Î - projû À are

ii. ( i - ÊË→û ) =

Example Find the projection of < - 2,2> onto < 4,1>

projuiû =t
f2,2> = À

9

< 4,1> = Û =

=



Projections

Example Find the projection of < - 212,3> onto < toi -1 .»

projûû =
ù à
HÛH
'

=

=


