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Optical Phenomena 
Key Concepts 

This lesson will focus on the following: 

• Light and matter 

• Photons of light 

• Emission spectrum 

• Absorption spectrum 

• Red and blue shift 

• Scattering 
 

Terminology & definitions 

• Reflection – The sending back of light in all directions from an optical surface. 

• Absorption spectrum - is a spectrum that results from the absorption of energy in 
the form of light by electrons of a gas creating dark bands or lines on a screen. 

• Emission spectrum - is a spectrum formed when electrons of a gas discharge 
energy in the form of light as they drop down to energy level two from higher 
energy levels. 

• Photoelectric effect - is the phenomenon where light of particular frequency causes 
electrons to be ejected from a metal surface.  

• Dual nature of light – light can be explained in two ways: light having a wave 
nature and light having a particle nature.  

• Photon – energy package of a specific electromagnetic radiation, also called a 
quantum of energy.  

• Electromagnetic radiation – Radiation that consists of wave-like electric and 
magnetic fields in space, including white light (red, orange, yellow, green, blue, 
indigo, violet), microwave, radio signals and x-rays. Electromagnetic radiations 
with higher frequencies are useful to mankind as some, like violet light, can be 
used to kill bacteria. Violet light is used mainly in killing bacteria in butcheries. 

• Planck’s constant (h) – a constant used in calculating the energy of a photon using 
the equation;  
E = hf 

 

X-planation of key concepts and terminologies 
 

From the lesson on photoelectric effect, we learnt that a photon contains a specific 
amount of energy. We say that the energy of a photon is quantised. The energy 
carried by a photon of light is found by using the equation; E = hf. From the equation, 
it is evident that the energy of a photon of a specific light is quantised since its 
magnitude depends on the frequency which is associated with specific colours of light 
or electromagnetic radiation. If the wavelength of a particular light wave is given 
instead of its frequency, the wave equation is used to find the frequency of the light 
where the speed of light in a vacuum is given as a constant, c = 3 x 108m·s-1. 
 

When electrons of a gas molecule gain energy, they move from lower energy level to 
higher energy levels in the atom. When they loose the energy, they drop back to lower 
energy levels. The lost energy is given off in the form of visible light when electrons fall 
back to energy level two. The visible light can be captured on the screen and 
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analysed. The spectrum that will be observed on the screen is known as the emission 
spectrum as it resulted from the emission of energy by electrons. This spectrum is in 
the form of lines with distinctive colours. Atoms of different elements are unique. The 
distances between energy levels of atoms from different elements are not the same. 
Therefore, specific colours of light are given off by electrons of specific atoms when 
they drop back from higher energy levels to energy level two. Thus the emission 
spectrum by atoms can be used to identify the element to which the atom belongs. 

 

If light is passed through a cold gas, and a screen is placed on the other side, some 
dark lines will be observed on the screen. The dark lines are as a result of absorbed 
frequencies of light. The electrons which are on their ground state, have absorbed 
specific frequencies from the colours of light and moved to higher energy levels. 
Electrons that move from their ground state to higher energy levels are said to be in an 
excited state. The spectrum observed on the screen is known as the absorption 
spectrum, since the dark lines resulted from the absorption of some of the frequencies 
of visible light.  
Continuous spectrum is formed when white light is passed through a diffraction grating 
which disperses visible light into its components. The resulting spectrum is a 
continuous range of colours from red to violet without any distinctive lines between the 
various colours.  
 

The absorption spectrum from the sun assists us in recognising red and blue shifts. 
When a star in the sky appears red to people on earth, it means that the star is drifting 
away from the earth. Red is associated with low frequency. This is known the red shift. 
This is in line with Doppler Effect where the frequency of any object receding away 
from an observer, would be observed to be decreasing. Contrary to this, when a star 
appears blue, it would mean that the star is moving towards the earth and, therefore, 
its frequency is observed to be increasing. This is called the blue shift. 
 

Scattering occurs in the sky when light from the sun strikes gas molecules. Scattering 
depends on the wavelength. Colours from the white light with shorter wavelengths are 
scattered more than those with longer wavelengths. Most of the components of white 
light with longer wavelengths, such as red, are allowed to pass through the gas 
molecules. Blue is the most visible component of the white light and is scattered more 
due to its shorter wavelength. The scattering occurs in all directions. This is why the 
sky appears blue.  
 

X-ample Questions 
 

1. A beam of light has 2 eV of energy. Find … 
 (a) the frequency of the light 
 (b) wavelength of the light 
 

2. Explain why different substances burn with different coloured flames. 

3. A hydrogen electron at n = 1 needs 2,4 x 10-8 J of energy to move to n = 3. 
 Determine whether a photon of visible green light of frequency 5,56 x 1014 Hz  will 
 be able to provide enough energy for the electron to move to n = 3. 

4. Blue light of frequency 6,67 x 1014 Hz is emitted by an electron. How much energy 
 has been lost by the electron? If the electron moved from n = 5 to n = 2, what 
 element does it belong to?  
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5. A beam of white light is allowed to pass through hydrogen gas in a container. A 
screen is placed on the other end and a spectrum is formed. Refer to the diagram 
below of the Hydrogen emission spectrum to answer the questions that follow. 

 

 
 

a) Write down the colours that will be seen on the screen. 
b) Write down the colours that won’t be observed on the screen. 
c) Why were the colours in (b) absorbed? 

 
6. The 432 nm line on the hydrogen absorption spectrum appears at 610 nm on a 

spectrum collected from a distant galaxy. Explain how the galaxy is moving relative 
to the Earth 

 
X-ercise 
 
1. What is the difference between an emission spectrum and absorption spectrum? 

2. Why does the sky look blue? 

3. A sudden sharp blue light is observed by Linda at night as a star shifts its position in 
 the sky.  

 3.1 Is the star moving away or towards Linda? 

 3.2 Is this a red or blue shift? 
 

Answers 
 
1. Emission spectrum shows separate bright lines of different colours, that occur as a 

result of electrons loosing energy as they drop down to energy level two from higher 
energy levels. This happens when a potential difference is created to a tube 
containing gas molecules. Absorption spectrum shows separate dark lines. This 
occurs when white light is shone onto a transparent tube containing a gas at low 
temperature. Electrons absorb some of the frequencies of the components of white 
light, leaving dark lines in their place. 

 
2. The gas molecules in the atmosphere absorb high frequency colours of white light 

which are in the blue section of the spectrum. The blue colour is then re-emitted in 
all directions by the atmospheric gases causing the sky to look blue. Colours of 
white light at the low frequency red section of the spectrum are allowed to pass 
through the gases.  
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3. 1. The star is moving towards Linda. According to Doppler Effect, an increase in the 
frequency of a moving object means that such an object is approaching the 
observer. 

 
2. Blue shift. 

 


