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Part I. Introduction to Quantum Physics and Spectroscopy 

 The study of spectroscopy will bring us into a “quantum world”, so it is important for us 

to study a new language – the “Quantum Physics”. The main goal of Part I is to study this new 

language so that we can use the quantum language to describe experiments, understand 

phenomena, and explore the nature principles behind them.  

Part I consists of three chapters as the following: 

Chapter 1 – Quantum concepts and experimental facts 

Chapter 2 – Wave-particle duality 

Chapter 3 – Basics of quantum mechanics (postulates, principles, and mathematic formalism)  

We start with several key experiments to introduce the concepts of quantum, and then 

discuss the “famous” wave-particle duality, and systematically review quantum mechanics 

postulates, principles, and how to use QM to calculate physical quantities. The knowledge gained 

in Part I will be immediately applied in Part II to study atomic structures and spectra. 
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Chapter 1. Quantum Concepts and Experimental Facts 

 Electromagnetic radiation was well known as EM waves by the end of 19th century. This 

was mainly due to demonstration experiments like Young’s double-slit interference experiments, 

and other diffraction and interference experiments. However, several “simple” experimental 

phenomena, like blackbody radiation and photoelectric effect, proved the inefficiency of 

classical physics including the wave theory of EM radiation. The explanation of these 

phenomena led to the revolution of physics – the beginning of Quantum Physics. In this class, we 

choose four famous “revolutionary” experiments to reveal the necessity and characteristics of the 

quanta of EM radiation. These are blackbody radiation, photoelectric effect, Compton effect, and 

hydrogen spectra. Some of these phenomena are also related to remote sensing applications. 

§1.1. Blackbody Radiation and Planck’s Radiation Law 

 Blackbody radiation is one kind of “thermal radiation”. Thermal radiation is the EM 

radiation emitted by any objects at any temperature above absolute zero, which only depends on 

the temperature of the objects, but not on the structures of the objects. 

 Blackbody is an object that absorbs all electromagnetic radiation that falls onto it. 

Absolute blackbody is an idealized object and does not exist. But blackbody can be simulated by 

a cavity with a very small hole. Once an electromagnetic radiation 

gets in through the hole, it is very hard for it to escape the cavity. 

“Blackbody” is not really black as they still radiate energy 

depending on its temperature.   


































