Section 1.1: Vectors
Quantities that we measure that have magnitude but not direction are called scalars.

DEFINITION 1. A vector is a quantity that has both magnitude and direction. A 2-dimensional vector
is an ordered pair a = (a1,a2). The numbers a; and az are called the components of the vector a.
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Typical notation to designate a vector is a boldfaced character or a character with and arrow on it

, -
(l.e. aor a ).
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DEFINITION 2. Given the points A(ay,a2) and B(by,bs), the vector a with representation AB is
E — <bl —al,bg —(12}.

The point A here is initial point and B is terminal one.

A vector with the initial point located at the origin is called the position vector (or we say that a
vector 1s in standard position).

Vectors are equal if they have the same length and direction (same slope).
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EXAMPLE 3. Graph the vector with initial point A(1, -2) and terminal point B(2,1). Find the compo-

nents ufﬁ and ﬁ

G b aan-an-
= (-1, 1-(-2))=<1,37

B‘—B‘z <|‘_2>'—<2‘l> o
= (l-a, —a-17= <hdos

—_9
= —-<,3Y)=- AB
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Vector operations s o vead bR

—2.<1,3) = s, -237=K-26)

e Scalar Multiplication: If ¢ is a scalar and a = {ay,ay), then

ca = e(ay,az) = {cay, caz) .

DEFINITION 4. Two vectors a and b are called parallel if b = ea unth some scalar c.

(If ¢ > 0 )hen a and ca have the same direction, if ¢ < 0 then @ and ca have the opposite direction.
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{1, 00x <3, 47

= {-1+3, OxND
a—l—b:<a1—|—bl,a2+bg>. :<9\ 4>

o Vector addition: If a = (a1,a2) and b = (b1, ba) then

Triangle Law Parallelogram Law
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a + b is called the resultant vector

EXAMPLE 5. Let a=(-1,2) and b = (2.1,-0.5). Then 3a+2b =
3 *AQ = 24~ a7 + A< .l ,-0.5>
=<3, 3ray + S a-a.l, a-(=0.8%
- &~ 3, 67 % £ 4, 2,-\> =<~ WY,2, G+ (=YD
=<l.2,5?
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The magnitude or length of a vector a = {aj, az) is denoted by |a|,

—
o= aZ~ a3

EXAMPLE 6. Find magnitudes of the following vectors:
(a)|(3 3,-8)| = + (-8 ={a~cy - {73

(2.8)| - 1 e

2

(c) \0‘: l( 0107\: Jo 23 =0

(b)

(d)\(casa,sina}‘ — |t oy sintd = A F >
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A unit vector is a vector with length one. Any vector can be made into a unit vector by dividing 1

by its length. So, a unit vector in the direction of a is

I . ql

Any vector a can be fully represented by providing its length, |a| and a unit vector u in its direction:
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(a) a unit vector that has the same direction as a;

-
—a: A — L2, 7V a\-1> N ! >
- - = -
N s V5 S, B
7
/';; )
A v ><\“°'>r

0"
(b) a vector b in the direction opposite to a s.t |b| = 7.
,.—J)

b=1o\ (-R) = T (<& -

_ = (-2 ANy Y L
TV E W O,
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The standard basis vectors are given by the unit vectors i = (1, 0) and  j=(0,1) along the
x and y directions, respectively. Using the basis vectors, one can represent any vector a = (ay, as) as

a = ai+ asj.

= a0y + <0, 0,> =<0
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EXAMPLE 8. Givena=2i—j, b= (5,-2). Find a scalars s and t such that sa + tb = —4j.

—
2,717 <o, 1>

<3+t = -h <o

S<a-\Yy + £ <5,7a7 =<6, 747>
(S, =SV <St,”9~'t>:<o)‘k{>
< 2.8+ 54, -S -at ) =<9, 7YY

_ AS AS L0
2L s+ ot =0 — 4
o '&&:—L‘ 9. —LS "'L(t :-8
\ E=-¢

= 4-2k =4-2.68)=20

Avswer: t=-2, $=20.
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Applications: Quantities such as force, displacement or velocity that have direction as well as
magnitude are represented by vectors.

EXAMPLE 9. Ben walks due West on the deck of a ship at 5 mph. The ship is moving north at a speed
of 25 mph. Find the direction and speed of}%ﬂ relative to the surface of the water.

N
N, Az

Visoliand vector c-% Y ond 3

v ol =5
E:’S_C: <~S)O>
S 1S)=a5
%:15?; {0, &A57
- -
L= b+d = <-5,00 + <0,25> =(-5,25>=5<-1,5>

=

e L= 150, 8%)= 5K-15>= 6 {15t = 52g mpy,
e—

Sped

= = - ) - - qo l Oo::‘ ©
tan 4 ~ 5 =2 19+ 13 lloe (
W N

yol

W Nje
NG divectiont N °wW

N° west el the north direchon

1l

&0\_“&\ = '}:C(_'f\ (d\qu\)
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EXAMPLE 10. An 60 kg weight hangs from two wires as shown. Find the tensions (forces) in both

wires and their magnitudes|
m / E
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EXAMPLE 11. An airplane, flying due east at an airspeed of 450mph, encounters a 50-mph wind acting
in the direction of E60°N (60° North of East). The airplane holds its compass heading due East but,

because of the wind, acquires a new ground speed (i.e. the magnitude of the resultant) and direction.

?
What are they* 53 — L{S_O? - <L{S‘O/O>

N =
¥ %5 ) = 50 ek
04./V - - i
/\@ ’3,’ w = 50K« MT—E' Sih-.g>
W ° 3 t w=<as5, 251>
S

e vesullwt ¥ = @ + 9 = ¢4s0,0> + <as,asisd
= {115, as¥3 Y = a5<19,%37
2= (251,56 = 25| <la, 25|

=261+ @) = 25 {261+ 3 = 25136

= as{auy =25 241 =50 V4] my

)

1q
Answer: spud s 50 {q| ok
divectowm: E §1°N
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