
PHY 1202

Lecture 1

Vector 
and 

Fundamental Forces in Nature



PHY 1202

Lecture Outline

 Chapter 3, D Halliday, R Resnick, and J Walker, “Fundamentals 
of Physics” 9th Edition, Wiley (2005).

 Review of Vectors
– Vector in Cartesian Coordinate
– Position and unit vectors
– Vector algebra
– Vector product
– Vectors in Cylindrical and Spherical coordinates.

 Fundamental interactions in Nature.
– Forces in Nature.
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3.2 Vectors and Scalars

Scalars
• Quantities which indicate only magnitude
• Examples: Time, speed, temperature, 

distance

Vectors
• Quantities which indicate both magnitude 

and direction
• Examples: displacement, velocity, 

acceleration
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Air Temperature Distribution Average Wind Speed and
Wind Direction Distribution 
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Maximum Wind Gust in 10 Minutes
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Arrows are used to represent vectors.
 The length of the arrow signifies magnitude
 The head of the arrow signifies direction

3.2 Vectors and Scalars

Sometimes the vectors are represented by bold lettering, such as 
vector a. Sometimes they are represented with arrows on the top, such 
as a
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3.3 Adding vectors geometrically

Vector a and vector b can be added geometrically to yield the 
resultant vector sum, s. 

Place the second vector, b, with its tail touching the head of the first 
vector, a. The vector sum, s, is the vector joining the tail of a to the 
head of b.
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Some rules: 

3.3 Adding vectors geometrically 8
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3.3 Adding vectors…sample problem
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3.4 Components of vectors
The component of a vector along an axis is the projection of the vector 
onto that axis. 

The process of finding the components of a vector is called resolution 
of the vector. 

In 3-dimensions, there are three components of a vector along pre-
defined x-, y-, and z-axes.
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3.4 Components of vectors

We find the components of a vector by using the right triangle rules. 
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Example, vectors: 12
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3.4: Problem Solving Check-points

Angles measured 
counterclockwise will 
be considered positive, 
and clockwise negative.
Change the units of the 
angles to be consistent.

Use definitions of trig 
functions and inverse 
trig functions to find 
components. 
Check calculator 
results.

Check if the angles are 
measured 
counterclockwise  from 
the positive direction of 
the x-axis, in which 
case the angles will be 
positive.
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3.5: Unit vectors

A unit vector is a vector of unit magnitude, 
pointing in a particular direction.

Unit vectors pointing in the x-, y-, and z-
axes are usually designated by

respectively 

Therefore vector,    , 
with components ax and ay in the x- and y-
directions, 
can be written in terms of the following 
vector sum:

kji ˆ,ˆ,ˆ

a


jaiaa yx
ˆˆ +=


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3.6: Vector Algebra - Adding vectors by components

If 

then

Therefore, two vectors must be equal if their corresponding 
components are equal.

The procedure of adding vectors also applies to vector 
subtraction.

Therefore,

where  
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Example, vector addition: 16
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Example, vector addition:

Note:
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3.7: Vectors and the Laws of Physics

Freedom of choosing a coordinate system

Relations among vectors 
do not depend on the 
origin or the orientation of 
the axes. 

Relations in physics are 
also independent of the 
choice of the coordinate 
system. 
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3.8: Multiplying vectors

A. Multiplying a vector by a scalar

Multiplying a vector by a scalar changes 
the magnitude but not the direction:

assxa


=
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3.8: Multiplying vectors

B. Multiplying a vector by a vector: Scalar (Dot) Product

The scalar product between 
two vectors is written as:

It is defined as:

Here, a  and b are the 
magnitudes of vectors a and 
b respectively, and φ is the 
angle between the two 
vectors.
The right hand side is a 
scalar quantity.
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The vector product between 
two vectors a and b can be 
written as: 

The right-hand rule allows us to find the 
direction of vector c.

3.8: Multiplying vectors

C. Multiplying a vector with a vector: Vector (Cross) Product

The result is a new vector c, 
which is:

Here a and b are the 
magnitudes of vectors a and 
b respectively, and φ is the 
smaller of the two angles 
between a and b vectors.

Eq. 3-27
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3.8: Multiplying vectors; vector product in unit-vector notation:

Note that:

And, 

kabbajabbaiabba
bbb
aaa
kji

ba yxyxxzxzzyzy

zyx

zyx
ˆ)(ˆ)(ˆ)(

ˆˆˆ

−+−+−==×



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Sample problem, vector product
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Sample problem, vector product, unit vector 
notation
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Vectors in Other Coordinate Systems
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• It is often useful to express the position vector in coordinate
systems other than Cartesian to handle geometries consisting
certain symmetries.

• For example, problems concerning a long pipe or straight wire
are best expressed in the cylindrical coordinate, while
problems involving a point source or spheres are best solved
in the spherical coordinate system.
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Cylindrical Coordinates
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• Cylindrical coordinates are just the generalization of the two-dimensional 
polar coordinate (r, θ ) to three-dimension by adding the z-axis. 

• The coordinates are (r, θ , z) corresponds to the (radial, azimuthal, 
vertical) axes.

• From Cylindrical to Cartesian

• From Cartesian to Cylindrical
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Spherical Coordinates
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• Spherical coordinates or spherical polar coordinates (r, θ , φ)  is 
ideal for describing position on a sphere. 

• The coordinates are (r, θ , φ) corresponds to the (radial, polar, 
azimuthal) axes.

• From Spherical to Cartesian

• From Cartesian to Spherical

)cos(
)sin()sin(
)cos()sin(

θ
φθ
φθ

rz
ry
rx

=
=
=







=







=

++=

−

−

x
y
r
z

zyxr

1

1

222

tan

cos

φ

θ  

r̂

θ̂
φ̂

z

x

y

θ

φ



PHY 1202

The Fundamental Forces of Nature
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• The forces of nature are responsible for providing the energy 
we used from the energy and matter relationship.

• There are only four fundamental forces of nature that hold 
the whole world together. 

• The fundamental forces are:
– Strong Nuclear Force
– Weak Nuclear Force
– Gravitational Force
– Electromagnetic Force.
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The Strong Nuclear Force
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• This force binds the protons and neutrons together within the 
nucleus.

• It is the strongest of the four forces
• It acts at extremely short range within the nucleus that keeps 

the protons from repelling each other.
• If disrupted, the energy released is tremendous (example:  

Sun, nuclear bombs)
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The Weak Nuclear Force
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• Also acts at extremely small distances within the nucleus.
• It is responsible for radiative decay of elements called beta β-decay
• Weak force arises when a neutron is changed into a proton or a 

proton changes into a neutron. This also changes the identify of the 
element!

• The weak force (interaction) 
is responsible for radiative 
decay that plays an essential 
role in nuclear fission (the 
splitting of an atom).

• Energy is released in the form 
of electrons can be used to 
do work.
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Gravitational Force
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• It is the weakest of the four fundamental forces

• It is an attractive force between all mass in the universe.

• It has infinite range that acts across the entire universe.

• The ‘particle’ that carries the force is called a graviton, 

however it has never been found.
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Electromagnetic Force
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• It is the force between two charged bodies.
• It is an attractive force between positive and negative charges 

and is a repulsive force between like charges particles.
• This is the force that holds the atoms and all objects including 

you and me together.
• It also has infinite range.
• The ‘messenger’ particle that carries this force is called a 

photon.
• Electricity, magnetism, wireless, fiber optics, light, PHY 2191, 

PHY 3205, PHY 4254, …. are all examples of this force.
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Practice Questions: Vectors

Chapter 3
Questions: 9,13,16,26,34,38,41
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