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ATOM 
Clash of the Titans 
Teacher’s Guide 
 
 
Grade Level: 9–12      Curriculum Focus: Science    Theme: The Properties and States of Matter  
 

 

Program Description 
 
Nuclear physicist Dr. Jim Al-Khalili considers the discovery of the atom and the development 
of quantum theory at the beginning of the twentieth century. Beginning with Boltzmann's and 
Einstein's work that proved the existence of the atom, the program then analyzes the atomic 
models developed by Ernest Rutherford and Niels Bohr. Dr. Al-Khalili notes the struggle 
between traditional physicists like Erwin Schrödinger and quantum physicists like Werner 
Heisenberg, whose uncertainty principle questioned the basis of accepted scientific thought. 
 

 

Learning Objectives 
 
After viewing the program and participating in discussion, students will be able to: 

· Explain how the Geiger–Marsden experiment lead to the discovery of the atomic 
nucleus; 

· Conceptualize and illustrate Rutherford’s model of the atom; 
· Conceptualize and illustrate Bohr’s model of the atom; 
· Describe the opposing viewpoints on atomic theory held by Erwin Schrödinger and 

Werner Heisenberg; 
· Briefly discuss Heisenberg’s uncertainty principle. 

 

 
Classroom Connections  
 
According to Dr. Al-Khalili, why were scientists interested in atomic theory in the mid-
nineteenth century? 
 
What did Ludwig Boltzmann believe about matter? Why was this view so controversial? 
 
What did Einstein prove in his 1905 paper? 
 
Describe the Geiger–Marsden experiment (also known as the gold foil experiment). Why was 
Rutherford interested in radioactivity? What did his team discover? 
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Draw Rutherford’s model of the atom. Use hydrogen as an example. 
 
What is a quantum jump? How does this relate to Bohr’s atomic model? 
 
Briefly explain Schrödinger’s theory on electron movement. Why did Werner Heisenberg 
dislike this theory so much? 
 
What is the uncertainty principle? 
 
Why is the Solvay Conference of 1927 so important in the development of quantum theory? 
 

 

Classroom Activities  
 
Working in small groups, have students answer the following questions: 
 
In Rutherford’s model of the atom, the nucleus (radius ≈ 1 x 10-15 m) is analogous to the sun 
(radius ≈ 7 x 108 m). Electrons orbit (radius ≈ 1 x 10-10 m) the nucleus like the earth orbits 
(radius ≈ 7 x 1011 m) the sun. If the dimensions of the solar system had the same proportions 
as those of the atom, would the earth be closer to or farther away from the sun than it actually 
is? 
 
What assumption did Bohr make in his model of the hydrogen atom regarding angular 
momentum of the electron? What does this hint about particle waves and their role in atomic 
structure? 
 

 

Target Vocabulary* 
 
atom - the smallest particle of an element that can exist either alone or in combination 
 
electron - an elementary particle consisting of a charge of negative electricity equal to about 
1.602 × 10−19 coulomb and having a mass when at rest of about 9.109 × 10−31 kilogram or about 
1⁄1836 that of a proton 
 
nucleus - the positively charged central portion of an atom that comprises nearly all of the 
atomic mass and that consists of protons and usually neutrons 
 
proton - an elementary particle that is identical with the nucleus of the hydrogen atom, that 
along with the neutron is a constituent of all other atomic nuclei, that carries a positive charge 
numerically equal to the charge of an electron, and that has a mass of 1.673 × 10−27 kilogram 
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uncertainty principle - a principle in quantum mechanics: it is impossible to discern 
simultaneously and with high accuracy both the position and the momentum of a particle (as 
an electron)—called also Heisenberg uncertainty principle 
 
*By permission.  From the Merriam-Webster Online Dictionary ©2010 by Merriam-Webster, Incorporated (www.Merriam-
Webster.com). 

 

 

Academic Standards 
 
National Academy of Sciences  

The National Academy of Sciences provides guidelines for teaching science in grades 
K–12 to promote scientific literacy. To view the standards, visit this Web site: 
http://books.nap.edu/html/nses/html/overview.html#content. 

 
This guide addresses the following national standards:  

• Science as inquiry 

• Physical science 

• Science in personal and historical perspectives 
 


