
1ST LECTURE:
 MATHEMATICAL FOUNDATIONS AND INTERACTIVE EQUATIONS 

AND THEIR APPLICATIONS IN QUANTUM CHEMISTRY



Energy:

It is the ability to get a job done

There are types or states of energy, including:

1-kinetic energy

2-Potential energy





1-kinetic energy

And from the laws of traditional (classical) mechanics, the kinetic energy of a 

body of mass ( m ) (Kg) And it moves fast  v (m/ s) be ½ mv2  

kinetic energy, form of energy that an object or a particle has by reason of its motion



❑ kinetic energy, form of energy that an object or a particle has by reason of its motion. 

❑ Kinetic energy is a property of a moving object or particle and depends not only on its motion but also on 

its mass. 

❑ The kind of motion may be translation (or motion along a path from one place to another), rotation about 

an axis, vibration, or any combination of motions.

Translational kinetic energy of a body is equal to one-half the product of its mass, m, and the square of its 

velocity, v, or 1/2mv2.



The usual SI unit of kinetic energy, is the unit of mass (kg) multiplied by the unit of velocity 

(m/sec) squared.

                                        

Notice that this is the same as the unit of work, the Joule. All forms of energy can be 

measured in Joules.

Examples

1. What is the KE of a White-tailed Jackrabbit of mass 3.4 kg when running at a speed of 15 m/sec?









Types of Kinetic Energy

There are five types of kinetic energy that are,

•Radiant Energy

•Thermal Energy

•Sound Energy

•Electrical Energy

•Mechanical Energy

• Radiant Energy

Radiant energy is a form of kinetic energy, which is the physical energy of matter resulting from 

electromagnetic radiation. It is radiated from matter into the surrounding environment.

For example, Ultraviolet light, Gamma rays, and X-rays all have electromagnetic radiant energy.

• Thermal Energy

Thermal energy can be also known as heat energy. It is generated by the kinetic energy of the motion 

of atoms when they collide with each other.

For Example, Hot Springs, Heated Swimming pools have thermal energy.



• Sound Energy

Sound energy is the energy, produced by the vibration of an object. It travels through the medium but cannot travel 

in a vacuum or space.

For Example, Tuning Forks, Beating Drums have sound energy.

• Electrical Energy

Electrical energy can be obtained from the free electrons that are of positive and negative charge. 

For Example, Batteries have electrical energy.

• Mechanical Energy

The sum of kinetic energy and potential energy is called mechanical energy. It can neither be created 

nor destroyed but it can be converted from one form to other.

For Example, Satellites orbiting around the Earth, Moving Cars all have mechanical energy.



2-Potential energy

It is the energy resulting from the presence of the body in a specific position, and 

is often the result of forces The attraction or repulsion of things
Types of potential energy include:

• Gravitational potential energy

• Chemical energy

• Nuclear energy

• Elastic potential energy, also called spring energy









Difference Between Kinetic Energy and Potential Energy

The difference between Kinetic Energy and Potential Energy is discussed below,



➢ What is potential energy?

Potential energy EP, is a form of energy that depends on the relative position of an object within a system.

➢ What is an example of potential?

Examples of potential energy are

Raised object

Stretched rubber band

Water stored in a dam

The energy released during nuclear fusion and fission of atoms

➢ What is the formula for calculating potential energy?

The potential energy can be calculated by EP  = mgh



➢ What are the 4 types of potential energy?

The 4 types of potential energy are 

Gravitational Potential Energy

Elastic Potential Energy

Electric Potential Energy

Nuclear Potential Energy

➢ What is the difference between potential and kinetic energy?

Potential energy is a stored form of energy due to the relative position of an object within a system 

whereas, kinetic energy is due to the motion of the object



power units

❑ In the International System of Units SI  joules (J)

Where:              Joule = Kg.m2.S-2 

❑ In quantum chemistry, we usually use the electron 

volt (eV)

1J= kg.m2.s-2

1J=(kg.m.s-2).m

1J=N.m





An electron volt :is the energy obtained by an electron 

when it passes under the influence of a voltage of one volt 

(1V).

1 eV = 1.602 x 10-19 coulomb x 1V 
= 1.602 x 10 -19 CV = 1.602 x 10-19 J



❑ Another commonly used unit is calorie (cal).

It is defined as the amount of energy needed 

to increase the temperature of one gram of 

water by one degree Celsius

1 cal = 4.184 J

Calorie: 







➢ Properties of waves

The five important properties of waves are Amplitude, Frequency, Wavelength, period, and Speed. Listed below 

is a detailed view of all the properties.

1.Amplitude Amplitude is among the first properties of waves and is denoted by the 

symbol ‘A,’ .

•Its S.I. unit is a meter (m).

2.Frequency 

The second property of waves is the frequency denoted by the symbol ‘f,’ The Greek symbol is lambda (𝛎), 

called nu.

•Its S.I. unit is Hertz (Hz), named in honour of a German Physicist – Heinrich Rudolf Hertz.

•It measures the total number of waves passing through a definite point in a given period.

•Frequency is inversely proportional to the period and is given by the formula f=1/T.

•The relation between wavelength, speed, and frequency can be determined by – f=v/ λ.

•In the case of an electromagnetic wave that propagates via vacuum, the v is replaced by c (speed of light), 

and the formula changes to f=c/ λ.



3.Wavelength

 The wavelength is the third property of waves. It is the total displacement or distance between two 

corresponding troughs or crests.

•It is denoted by the Greek symbol lambda (λ).

•Its S.I. unit is a meter (m).

4.Time period 

• The time period is the fourth property of waves and is defined as the time a particle of a medium takes to make 

a whole vibrational cycle.

•Its S.I unit is seconds (s).

•The frequency and time period are inversely related, T=1/f; if frequency increases, the time period decreases, 

T represents the time period, and f denotes frequency.

5.Speed/Velocity 

• Speed id, the fifth property of a wave, is defined as the total distance covered by a point on the wave 

in a specific period of time.

•The S.I. unit of speed is metres per second (m/s).

•It depends on the medium through which the wave is propagating.

•The formula for calculating the speed of a wave is speed = Wavelength*frequency.











• Wave number: is the reciprocal of the wavelength and is denoted by the symbol 

➢ Its units are the reciprocal of units of length and is defined as the number of waves in 1 meter

• Energy: It is calculated from the relationship

E = h

Where h : Planck's constant is equal to



The relationship between the previous properties

Application:

A sodium lamp emits a yellow light of wavelength   550 nm ?

Calculate E ,  and 



❑ Convert wavelength to metre

λ = 550 nm = 550 x 10-9 m = 5.5 x 10-7 m

1- the wave number (equal to the reciprocal of the 

wavelength)

1nm=10-9 m



2-Frequency:

3- energy:



What is the frequency?

Frequency is defined as the number of oscillations of a wave per unit of time and is measured in hertz(Hz).

What is a wavelength?

Wavelength is defined as the distance between two nearest points in phase with each other.

What is the relationship between frequency and wavelength?

The wave speed is equal to the product of its frequency and wavelength.

V = f λ









Sketch a diagram of a wave and label the amplitude and wavelength.

Q1. What is the relationship between frequency and wavelength? (Direct or Inverse)

Q2.What is the relationship between frequency and energy? (Direct or Inverse)



What Is Light?

There was a long debate about the nature of light This debate over the particle or 

wave nature of light came to a resolution in 1803 when the  experiment confirmed 

that light propagates in waves

1-The Wave Nature of Light

Electromagnetic Radiation

Electromagnetic radiation is one of the forms of energy, and based on the 

traditional electromagnetic theory, electromagnetic energy is carried by waves 

and transfers energy in the direction of wave propagation



• Electromagnetic waves travel through a vacuum at a 

constant speed called the speed of light, c which has 

the defined value of exactly   













2-Particle Nature of Light





Important Mathematical Foundations in Quantum Chemistry

In our study of quantum chemistry we will encounter some related terms 

Certain meanings, the most important of these terms are:

1 - differential 2 - Integration 3 - Complex numbers

4 - Vector 5 - Operators 6 - conservative functions

7 - odd and even functions 8 - Reference systems



First: the differential

differential rule

differential Xn



Some important differential laws (note that a is a constant)





Second: integration

integration rule

The integration of Xn

         

❑ This rule is true for both negative and positive n values

❑Except n=-1



Second: integration

Some important laws of integration (note that 

a is a constant)





types of integration

a)Unlimited integration:

b)limited integration:                                 

The limits of integration are indicated

The limits of integration are not stated 



Application

Find the product of the following integrals.





2-Particle Nature of Light
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