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_earning Outcomes

After studying this chapter, you will be able to:
Define vector quantity.
Differentiate between vector and scalar quantities.
Understand the Cartesian coordinate system.

Resolve any vector and find its components.

1

2

3

4

5. Calculate the magnitude and direction of vectors.

6. ldentify the unit vectors ( magnitude and direction) on three axes.
7. Write a vector in a unit vector notation.

8. Add vectors by components.

9. Multiply vectors by a scalar (either +ve or - ve no.).

10. Calculate the scalar product of two vectors in terms of their

magnitudes and angle between them.
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( VECTORS )
/ —— What is a Vector ? (Difference between vector and

L scalar quantity)

+———— Cartesian Coordinate System (2D &3D)

Chapter (1)

——— Resolve vectors and find their components

Vector Length and Direction

+— Unit Vector (write a vector in a unit vector notation)
. Vector addition using components

— M ultiplication of Vectors with a Scalar

— Vectors multiplication (Scalar product)
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What is a Vector?

Chapter 1

Vectors are mathematical description of quantities which have magnitude
and direction.

The magnitude of a vector is a non-negative number often associated with a
physical unit.

Vectors have a starting point (tail) and an ending point (arrow) which points
to a specific direction.

Vectors are denoted by a letter with a small horizontal arrow pointing to the
right above it (x ).

Vector quantities are important in physics.
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What is a Vector ? (Difference between vector and scalar quantities)

Vector quantities

PHYSICAL

UANTITIES

Displacement
Velocity

Speed
Temperature
time
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Cartesian Coordinate System

m A Cartesian coordinate system is defined as a
set of two or more axes with angles of 90°
between each them. Hence they are
perpendicular or orthogonal to one another.

m |n a one-dimensional coordinate system we
have one axis (e.g x):

The position of a point can be written as P=(P,.)

The point P has the x-coordinate
P,=-2.5¢cm

Chapter 1
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Cartesian Coordinate System

m We can define a two-dimensional coordinate system:

= By typically labelling the horizontal axis x and the i
vertical axis y. T }P;-
= We can then specify any point P (position) in 2- & & | 1 4
dimensional space by specifying its coordinates 2T
41
P=(Py, Py) P=(3,4)

m We can define a three-dimensional coordinate A P,
4 st =
system: LA
= By typically labelling the horizontal axis x, the vertical ;‘ "‘:frp 4}13
axis y and the third orthogonal axis z. T i% i / =
| TE
= We can then specify any point P (position) in 3- A Pz
dimensional space by specifying its coordinates % | FoEnER
P=(P,, P, P, P=(3,4,3)
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Resolve a vector and find its components

= Resolving a vector is the process of finding its components.
= A component is the projection of the vector on an axis.

Measuring the angle from x direction

Measuring the angle from y direction

= We know from mathematics that:

a
cosO = =%

a
sin® = =2

a

a, = acosf and a, = asinf
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a, =a sina and a, = acosa




Resolve a vector and find its components

A more general way of finding vector components the
angle is measured with respect to x-axis

b —ve — a,:+ve, a,:+ve
: a,=acosfl
b, = —bcosHz a, = asinfl

= bsinB2 Y

Cy:—Ve,Cy: —ve ,dy: —ve

c,=—ccosB3 = d cos 64

c,=—cC sin 63 dy = —d sin 64
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Resolve a vector and find its components

More general ways of finding vector component

b,:—ve

b,= —bsinf2
= b cos 62

Angle is measured with respect to y-axis

Cx:—Ve, Cy:—ve

c,=—csinf3

€, = —CCos 63

Chapter 1

a,:+ve,ay: +ve
a,=asinfl
a, = acos 61

,dy: —ve
= d sin 64

dy = —d cos 64
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Resolve a vector and find its components

north

south

1 :‘1:. 1

4 —

North of east = toward the north from due east

West of south= = toward the west from due south
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Resolve a vector and find its components

Clockwise Counter-clockwise

O - O +

Chapter 1
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Vector Length and Direction

m  Knowing the components of a vector, we can calculate its length and direction.

m \Vectors in 2 dimensions (most important case)

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Y
A

- The length (using Pythagorean theorem) is:

A= |4+ 4

— Thedirection is defined by:

1

0 =tan" A_y (be careful with the inverse tangent)

X
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Vector Length and Direction

(
aand 6

|

* Finding the components.

Uy Gy

Chapter 1

Vector resolving

\
a, and a,,

|

* Writing a vector in magnitude - angle
notation

/ \

a

al

= Jax2+ay2 tan @ = =
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Unit Vectors (write a vector in the unit vector notation)

m Unit vectors are a set of special vectors that Make the ... o v s s rroscions s
math associated with vectors easier A

m Unit vectors have magnitude 1 and are directed along .
the main axes of the coordinate system. 0.5+

m In Cartesian coordinates, the unit vectors are: { | 1> x
= £=(1,0,0) T

7= )?:(0,1,0)
k= £=(0,0,1) @

m We can write the vector in a unit vector notation
A=A x+ Ayy+ Az
or
A= Axi + ij+ Azk

Scalar components

= Another way to write a vector A= (Ax, Ay, Ay)
Chapter 1 (b) 15



Exercise 1.77 (Page 30)
...

A vector C has components €, = 34.6 mand C,, = — 53.5 m.

Find the vector’s length and angle with the x-axis. )
Vv [m

20 | 40 @ |
R X [m
C=Cuk+Cyy
C = 34.68 —53.59

An angle is measured clockwise from the positive x-axis and consider the measure to be negative.

r = 4 III-C |
|c|=.(f:;+f:_-, tanf =| —=
¥ | {:
Wk S
: , , (-535m)
CALCULATE: [C|=/(34.6 m)’ +(-53.5m)’ =63713m, f=tan”'| === |=-57.108°
L 346 m |

ROUND: C=63.7m, #=-57.1°
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Extra Exercise

1.67 Find the components of the
vectors A, B, C, and D, if their
lengths are given by A =75.0,
B=60.0, C=25.0, D=90.0 and their
direction angles are as shown in the
figure. Write the vectors in terms of
unit vectors.

Chapter 1
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Extra Exercise y

1.67 Find the components of the
vectors A, B, C, and D, if their
lengths are given by A=75.0,
B=60.0, C=25.0, D=90.0 and their
direction angles are as shown in the
figure. Write the vectors in terms of
unit vectors.

1) The unit vector notation is represented as: 4= A X + Ayf/ + Az

A = Acos(30) % + Asin (30) 9
A=75cos(30)x+ 75sin(30)y =64.9X + 37.5%y

B = —Bsin(71)% + B cos(71) ¥

—_

B = —60sin (71)% + 60 cos(71) 9y = —56.7 £ + 19.5 ¥

C=-C cos(52) X — Csin (52) %y
C = —25cos(52) X — 25sin (52) y = —15.3X—19.7 y

D = Dsin (63) £ — D cos (63)

D =90 sin(63) X —90 cos (63)y =80.19% —40.85y
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Vector Addition using Components

m For most practical purposes, we will add vectors using the component method

= |nthe same way, we can find the difference (vector subtraction)

Chapter 1
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Vector Addition using Components

m Adding vectors using the component method:

Note: this can also be applied to vector subtraction

Chapter 1 20



Exercise: 1.68 (Page 30) y

1.68 Use the components of the
vectors from Problem 1.67 to find

a) thesum A+ B+ C+ D in terms
of its components

b) the magnitude and direction of
the sum A-B+ D

Solution:

Vector Xx-component y-component
A 64.9 375
B - 56.7 19.5
¢ - 15.3 - 19.7
D 80.19 - 40.85

Chapter 1 21



Exercise: 1.68 (Page 30)

«1.68 Use the components of the
vectors from Problem 1.67 to find

a) the sum A+ B+ C+ Dinterms

of its components

b) the magnitude and direction of

thesum A-B+ D

;'a‘{]'.t]”

D

»>

Solution:
a)A+ B+ C+ D =

Vector

oy Sl oy

=l

A

Chapter 1

Xx-component

y-component

64.9
+
- 56.7
+
- 15.3
+
80.19
73.09

—

37.5
+
19.5
+
- 19.7
- 40.85
- 3.55

+ D =73.09% —3.55§
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Exercise: 1.68 (Page 30) y

+1.68 Use the components of the
vectors from Problem 1.67 to find

a) the sum A+ B+ C + D in terms
of its components

b) the magnitude and direction of
the sum A- B+ D

Solution:
0A— B+ D=
i 64.9 375
B __Jeer - 19.5
- + +
) 80.19 _ 40.85
201.79 - 22.85

— —

A— B+ D=20179% —22.859
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- —

b) A— B+ D=20179% —22.85)

|4 - B +D| = /(201.79)7+(—22.85)2= 203.08
—22.85>

- _ o
201.79 046

0 = tan‘l(

P

9/6/2020 Chapter 1
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Multiplication of a Vector with a Scalar

Multiplication of a vector with a
positive scalar

results in another vector that
points in the same direction but
has a magnitude that is the
product of the scalar and the
magnitude of the original vector.

Chapter 1

Multiplication of a vector with a
negative scalar

results in another vector that points
In the opposite direction but has a
magnitude that is the absolute value
of the product of the negative scalar
and the magnitude of the original
vector.

a= 2i+ 3j

—2a = —41 — 6f

25



Multiplication of a Vector with a Vector

Multiplying a vector by a vector

Scalar product
(or Dot product)

l

Vector product
(or Cross product)

l

will produce a
scalar

will produce a
new vector

Chapter 1
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Scalar Product (dot product)

Chapter 1

It is sometimes called the dot product.

The scalar vector product is defined as:

Zoﬁz‘ZHE‘cosa A
04
In terms of Cartesian coordinates: o,
I B
AsB=AB +AB +AB
If the two vectors form a 90 °angle, the scalar product is zero.
fa=90°>4-B=0
We can use the scalar product to find the angle between two
vectors in terms of their Cartesian coordinates:
T T » AXBX—I—AB +AZBZ
A-B:‘AHB‘cosoz =  =CO0S L L

2 2 2 2 2 2
JA+ A+ 4B+ B+ B
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Exercise: 1.15 (Page 28)

]
1.15 For the two vectors A = (2,1,0) and B= (0,1,2), what is their scalar

product, A«B?

a) 3 b) 6 c) 2 d) 0 e) 1

Chapter 1
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Exercise: 1.15 (Page 28)

1.15 For the two vectors A = (2,1,0) and B= (0,1,2), what is their scalar
product, A«B?

a) 3 b) 6 c) 2 d) 0 e) 1

Answer: The two vectors are given in Cartesian Coordinate and we
do not have the angle between the two vectors, hence we will use;

A*B=AB +AB +A4B,

A-B=0Q2x0)+(Ax1D+0x2)=1

Chapter 1
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Example: 1.5 (Page 23)

1.5 Angle Between Two Position Vectors

PROBLEM

What is the angle a between the two position vectors shown in Figure 1.25,
A =(4.00,2.00,5.00) cm and B = (4.50,4.00,3.00) cm?

L e . AB+AB +AB
AeB=|A|Blcosa = a=cos y

JA+ £+ 4B+ B+ B
‘ ‘: J4.00> + 2.00% +5.00> ¢cm = 6.71 cm
‘E‘ — \J4.50> +4.00% +3.00> cm =6.73 cm
Ae B=14.00-4.50+2.00-4.00+5.00-3.00 cm> = 41.0 cm’

2 FIGURE 1.25 Calculating the angle
41 O cm — 24.70 between two position vectors.

. -1
=0 [(6.71 cm)(6.73 cm) B

Chapter 1
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Vector

Vector Length
Notation

and direction

Vector resolving,

I B e e = acsf anda, = asﬂl
from the x direction 7
in first quadrant

Dot — — || —
ST A-B:‘AHB‘cosa

Vector resolving, AeB=AB +A4B + AB,

angle is measured 0, =asing anda, = acosgl
from the y direction * y

in first quadrant
Angle between AeB= |;1||§| cosa
two vectors

L AB+AB+AB
0=C08
V£ £ BB

Chapter 1
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