
Pre-Class Questions 

Problem Set (due next time) 
Standard Model Problems 1,2,3,4 

Lecture Outline 
1.  Our Current Universe - Particles and Forces 
2.  The Early Universe and Particle Accelerators 
3.  The Particle Zoo 
4.  The Standard Model – Quarks and Leptons  

The Standard Model 



What Are You Made Of? 
 
You are made mostly of water, but what is water (and for that 
“matter” everything else) made of.  Fill in the table below.  The 
answers are below, but not in the correct order.  Once you write 
the answer on a line, rewrite it as indicated by the blue arrow to 
begin the next line. 
 
 
 A Water Droplet is made of   

   are made of   

   are made of    

   and the   

   is made of    

        and    

 

Answers: Atoms, Neutrons, Nucleus, Molecules, Protons, Electrons 
 



Fundamental Force  Strength Example 

Gravitational  1 Solar System 

Electromagnetic  1036 Hydrogen Atom 

Weak Nuclear 1025 Beta Decay 

Strong Nuclear 1038 Stability of the Nucleus  





Example 1: In order for light to be able to travel after the Big Bang, the temperature 
had to be low enough for protons to exist.  Estimate this temperature by assuming 
the kinetic energy of a proton is equal to its mass energy. 













Particle Mass Charge 

Proton 1 +1 

Neutron 1 0 

Electron 0 -1 



Example 2:  Lithium is the third element on the periodic table.  List each component 
part of a lithium atom by filling in the chart below. 

Particle Mass Charge 

TOTAL 





What Are You Made Of? 
 
Now, fill in the last three blanks. 
 
 
 A Water Droplet is made of Molecules  

 Molecules are made of Atoms  

 Atoms  are made of Electrons  are made of   

   and the Nucleus  

 Nucleus  is made of Neutrons  are made of   

        and Protons  are made of   

 

 

 

 
 



Example 3:  Using just three up or down quarks, make as many integer charged 
particles as you can. 

Combo Charge Particle Name 



Lecture 39 - Summary 

Fundamental 
Force  Strength Example 

Gravitational  1 Solar System 

Electromagnetic  1036 Hydrogen Atom 

Weak Nuclear 1025 Beta Decay 
Strong Nuclear 1038 Stability of the 

Nucleus  

• Physics seeks to answer the question, “What is the universe 
made of and how do the parts interact?” 
• As of today, we believe the universe is made up of quarks 
and leptons. 
• The quarks and leptons interact via the Four Forces.  


