
Vectors



A vector is a quantity that has
both magnitude and direction

Exampled

displacement : moving from point A to point B

velocity : moving at a certain speed in

a certain direction

force : exertion in a particular direction



Notation : J
'

if A. B are points , then ABT is the

displacement vector of an object starting
at point A and moving to point B

T B
A is the initial point (or tail )→

AB

B is the terminal point (or tip)
•

A



Vectors are equivalent if they have

the same magnitude and direction

y
^

TB D Special vector :
→ T
AB → is the zero vector

,CD

• has length 0
A

•

C

> ×
no direction needed

→ → For example , Att - EAB = CD



Combining vectors
→

A → B displacement is AB

→

B → C displacement is BC

B
total displacement is ACT =ATBtBC→

T

A
•

a

FB + BE -_ AE



Addition of vectors : suppose U→
,
are

vectors

place the tail of J
'
at the tip of u→

I' tu
'

is the vector from the tail of it to

the tip of J

Example,-
→ →

✓ utv
→ T
U T T

*

i



Scalar multiplication : if CEIR and

E is a vector then cut
'
is the vector

whose length is lol times the length of F

and in :

• the same direction if c > O
* the opposite direction if Ceo

• no particular direction if c=0 since

→

then cE=O



-

I

→
✓ , →

→ zuZU

B

L
→

→ Ov
- v



Two non-zero vectors are parallel if

they are scalar multiples of each other
.

Exampled if 8*8
,
then I and -J are

parallel

-I is the negative of v→

We can also subtract vectors :

ii - I = Etc - E )



> r

→ →
U V

7

it - I = uit C- E )
→

→ -7

u - v

ui -25 = it C-2E ) >

I -2J d



Components
since vectors are equivalent if they have the

same magnitude and direction
,
we can place the

tail at the origin of our coordinate system
^

y n

( a , .az)
→

÷÷÷" (a, .az.az) A
£ = La

, .az -as>

L

then the vector is completely determined by the coordinates
of the terminal point



Important : Ca
, .az

,
as) # Ca , .az ,as>

d t
point in IR

's

vector

if P = (a
, .az , a, ) and U→= Ca

, .az , as > ,

then O→p=u→

→

OP is the position vector of the point P

but there are many representations of
the same vector



Suppose A. B are points in IR
' with

coordinates A -

- (x
, ,y, ,z ,

) and B=Cxz,yz,Zz)

then A-B = ( xz -X , , Yz - y , , Zz- Z ,
>

Example B
P

- or

P= (a , .az , Az)
A

A- = (x
, ,y, ,Z ,) •

• O
B -- (x

,
ta

, ,y , taz ,Zita,)
A

then Ep -- ATB



Concrete example : A -
- Cal ,-2 )

B=( 3,5, 7)

ATI = ( 3-0,5-1
,
7- C- 2) )

=L 3,4 , 9 )



Magnitude (length )
the length of a vector E - La

, .az) in IR
'

is toil - Ita

the length of a vector a→ -
- La

, .az , as > in IR
'

is toil - Taifa



Moray : coordinates make vector operations
concretely computable

in IRS : if I = Ca
, .az , a,> and 5=55

, .bz .bz)
and c EIR

then

it 5 = ( a. tb , , aztbz , as +63 )

£ - I = La
,
- b
, , Az - bz , as - bs >

cat = (ca
, , Caz , Caz>



Examples : I
'
= C - I , 2,47 and 5=53,0

,
I >

then Iii 1=(-11465+64)-7 = 21T

ZE -
35 = C - 2. 4,87 - ( 9,0 , 3)

=L - 11 , 4,5)



vectors in IR
'

,
in IR
'

,

in IR
"

a→ = La
, , . . . . an

>

addition
,
subtraction

,
scalar multiplication

are still done componentwise

later : length ?



Properties of vector operations in IR
"

I
.

I -15=5+8 2
.

E' + ( 5't E) = (Etf ) -18

→

3
.
a' to - at 4

.
I't C- E) = O

→

5
.
chits ) -- coital 6

.
(ctd )a→=cEtda→

7. Ccd)a→= ccdoi ) 8
.
lat - of



Special vectors in IR
'
: 9=51,0,o>

J = SO
,
I
,
O >

bi = 50,0
,
I >

be careful in WebAssign (use the symbols)

^

^ in IR
'

,
9=51,07

k ''
n 9=50,17

> s n

L
J

s s

T

L



T
, J , t are called the standard basis vectors

can be used to express any vector in IR
'
:

( T
,
2
,

- is > = Tint 2J - Fst

( a
, .az

, as ) = a. it azj t as his



Unites

Motivation : you just care about the direction's

a unit vector is a vector of length I

Exercise : if CEIR
,

then Ic I = lol 151

If I ± ,
then the unit vector in the same

direction is ÷, I = ,p



Example
in
,
j , I are all unit vectors

the unit vector in the direction of

T - 2J +31 = ( I , -2,3 ) ?

I ( I , -2 , 3 > I = 74+9=511
,

so
= s # . # . )



Applications
of E'

r ie
,
i
.

'

l
M →t w

it + I' = and in -- Lo
,
- m)

=L- cosca
,) 17,1 , sin CQ ) I -51 )

TI -- scoscoz) I -51 , sin (0211-51)
⇒

- cos CQ ,) I It cos 6oz) I -521=0 given Q , -02 ,
and M

, can

since
,
) I It since I I - 14=0 solve eq


