
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: Vectors in three dimensions

Next: Strang 2.3

:



Lost time Vector Operations

Scalar multiplication : KL x , y> = < kx , Ky >
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Vector Components and trigonometry
We can describe the direction of the vector in

different
way s .

For example , using the angle that
the vector forms with the axes

.

We can switch

between this représentation and the Component Farm

using trigonometry .

Example Find the Component forn of a vector with

magnitude 4 that forms an angle -120
. with the x - axis .
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Unit vectors
.

Standard unit vectors

A unit vector is a vector with magnitude I
.

For any nonZero Vector I we can find a unit

vector à that has the same direction as À

Jake à -1¥, - Î
,
then Û has the same direction as I

and HÛH = 11¥,, Î Il = ¥1,
• HÎH = I

Example I
>

=L - I. 4)
,

IIÎI / = VIÈ = F7
,

Û =L - ¥ , ¥7 )
Consider the vectors Î Clio>

, j' i. = < 0,1>
yb . - - - g- T'

Caya
We call Î and j

'

the standard unit

I Vector in the plane ,

IIÎH = HÎH =L
Î '

µ la
We can write any vector in the plane

Î (ho) "

as a combination on Î and j
'

I
>

= Laib>
,
then Î = a. Î + b- j' = (a. o> +<ab)



Vector in the plane . Summary
- geometrically /physically vectors describe displacement ,

Velocity ,
force ; in plane they represented by arrows

• two Vector Operations : scalar multiplication ,
vector addition

• cardinales make Vector Operations easy to perform
• Component forn of a Vector Û = < x ,

, y , ) ,

= <xz
, ya>

• scalar multiplication and vector addition become

Component Wise : KI
>
= < kxi

, Ky , > ,
J' + À = < xitxz , g. +ya >

K
,
Î + kz À = ( K , X ,

+ kzxz
,
K

, y ,
+ kzyz )

• T' = < 1,0) and j' = (Oil ) are called standard unit vectors

• À -- < xiy> can be written as a Combination of I and j
'

(x , y> =
✗Îtyj

'



Points in three dimensions

ife happens in three dimensions !

The mathematica I model of the three - dimensional space

is the three - dimensional rectangulaireordinale System IR?

À consists of points (xiy ,
2- ) ,

where x . y ,
2- are real numbers

ID : R
,
2D : R2

,
3D : Rs

we arrange theZ A

3-
axes using the

i : "

right hand rate
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Cardinale planes .

Octants

There are three axes in IR
'

( orthogonal to each other) .

If we Fix any
two axes we get a coordinate plane

✗y plane : { Ca , yo) : a. y c- R} setting 2- = 0

✗z plane : { (x , o ,
z) :X , 2- c- R} setting y⇒

yz plane
: { (o , y , 2- ) : y , TER} setting x --0

Three coordinate planes split À
into right octants consisting of

points with three nonzero cardinales



-

Distance in Rs

Theorem 2.2
.

Distance between two points in space
The distance d between points P = (x , > y , , -2 ,)

and Q=( xaiyz ,
2-a) is given by the formula

d ( P , Q ) =VH-xiJ-lyz-y.5-i-z-z.SE
✗ample

3-

,
,
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•① = " " " ""
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Equations in Rs

R
R
" Rs
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>
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✗= 0 ✗ = 0 La ✗ = 0



Equations of planes parallel to coordinate planes

containing point P = (ai b. c)

y
-
-
b : equation of a plane parallel to the ✗ 2- - plane

containing point P = (ai b. c)

x=a : equation of a plane parallel to the yz - planeË÷÷:÷÷::ÏËÏ:IËÏIIÏ:
" ""

" write an equation of the

I
i passing through the point
É - - - -

- -

Ï .
F- (2,3 , 4)

<

x 2- = 4



Equation of a sphere
Given point P ,

describe all points that are at

distance r > O from P
.

R pi zn

Y "" ËËÏatr
• , • • > >

y
a-ro p=a

x o I

F- a
,

/ ✗- al - r F- (a. b) < x

F- Ca , b. c)
(xy) : VÏybÎ=r

(x - a)
'
+ fy-bj-rzttx-ati-ly-T-z.cl = r

(x - a)
'

+ (y
-b)4- (z -c)

'

= r2

standard equation of a sphere
with center (aise) and -

radius
r> 0



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' + ZÎ (standard unit forn)

o if F- ( ✗ i. Yi , Zi ) ,
Q = Ht , Yt , -4 ) ,

then ☒ = txt -xiiyt - yi ,
-4 - 2- i)

• if Û -- la , y ,z ) ,
then HIM =VÊT

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

multiply I by ¥, : à - < ÊT i IÉ , ¥,
>



Properties of vector operations (same as in IR
'

)

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 (associativity of scalarmult .)

(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)


