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 A push or a pull. 

 

 If something is not moving, a push or pull 
could start it moving. 

 

 If something is moving, a push or pull could 
stop it. 



 If everything stayed 
the same, we would 
be BORED. 

 For things to 
change, 
something’s got to 
move. 

 For something to 
move, it needs a 
force. 



 Lots of little forces are happening all the time: 
you flick away a piece of dust, you kick a 
soccer ball, you pull down a curtain, you stop 
a speeding bullet with your teeth…. (if you’re 
a superhero) 

 Each of these forces causes something to 
move or to stop moving. 

 These are real forces, but the universe is 
controlled by some that are even BIGGER. 
 
 



 From what we know about the universe, all 
movements of matter (stuff) are caused by 
just four forces. 

 

 These forces were created during the first 
seconds after the Big Bang created the 
universe. 

 They make everything ‘work.’ 



 Right now, you’re 
being pulled down 
by Gravity. 

 We feel gravity 
almost all the time 
(not when we’re in 
outer space, but it’s 
still there), but it’s 
most obvious when 
stuff falls down. 



 Aristotle was a brilliant philosopher who lived 
several thousand years ago.  

 He believed that heavy things fall faster than 
light things.  

 He dropped a rock and a feather, and the 
rock landed first.  

 BUT the items were not shaped the same. 





◦Now crumple the paper into the 
same shape as the ball and drop 
again.  

 

◦What happened? 

 



 The paper did not get heavier, but it did 
become more ‘aerodynamic.’  

 

 Like a fast car, a round piece of paper can 
push air out of the way faster than the flat 
piece of paper. 

 



 Galileo understood 
that all objects fall at 
the same rate of 
speed, no matter how 
big or small they are. 

 Legend has it that he 
dropped two rocks of 
different sizes off the 
Leaning Tower of Pisa. 

 They landed at the 
same time. 

 



 Maybe not at exactly the same time. 

 Because of air resistance (friction), one rock 
may have landed sooner than the other one. 

 The only way to prove Galileo’s theory would 
be to test it in a place with no air 
resistance…. 

 … a place with no air…. 



 When the astronauts landed on the moon, 
they tried Galileo’s experiment. 

 They dropped a hammer and a feather. 

 The hammer and feather landed on the 
ground at the same time. 

 With no air resistance to slow down the wide, 
flat feather, only gravity was at work. 

 Galileo was right! 



 Galileo had realized that gravity makes things 
fall toward the center of the Earth. 

 He also figured out that the Earth’s gravity 
holds the Moon in orbit around it. 

 Then he realized that the Sun has gravity, and 
it holds the planets in orbit around it. 

 Based on Galileo’s work, Isaac Newton was 
able to tease out the exact rules of gravity: 



 All matter has 
gravity 
 

 Gravity pulls 
 

 The more mass, the 
more gravity 
 

 The farther away, 
the less gravity 



 Nobody knows why matter has gravity, but 
we do know exactly how it behaves. 

 

 We think it behaves the same everywhere in 
the universe. 

 

 Therefore, it is a Fundamental Force. 



 HOW COME WE DON’T GET PULLED TO THE 
CENTER OF THE EARTH BY GRAVITY???? 



 What familiar words 
make up 
‘Electromagnetism?’ 

 



 Positive charges are attracted to negative 
charges. 

 

 Like charges (+ and + or – and --) push each 
other apart. 



 Your hair 
 Electric currents 
 Magnets 
 The ink sticking to your notebook paper 
 The paint sticking to the wall 
 Car batteries 
 What else? 



 Atoms are almost all empty space.  
 

 But they have a shell of negatively-charged 
electrons, and those electrons in your hand repel 
the electrons in your pen.  
 

 The electrons in solids are close together. 
 

 Therefore, lots of them are touching the electrons 
in your ‘solid’ fingers. 
 

 The pen feels ‘solid.’ 
  

 



 LIQUIDS have electrons that are farther apart 
than in solids. 
 

 GASES have electrons that are even farther 
apart than liquids or solids. 

  
 These states of matter feel less solid than 

solids because the electrons are way out 
there…. 



 We don’t get sucked to the hot molten core of 
the earth every time we jump up and down 
because EM stops you.  

 

 The ground’s electrons repel yours. 

 



 Place a steel knife on the ground. 

 Put a magnet on top of it. 

 Now the knife is being pulled by both EM and 
gravity. 

 Pick up the magnet. It will lift the knife. 

 AMAZING! A tiny magnet can overcome the 
gravitational pull of the entire planet! 



 EM is a STRONGER Fundamental Force than 
gravity! 

 

 In fact, it is a trillion trillion trillion times 
stronger than gravity. 

 

 Wow…. 



 



 Inside the middle of every atom is a hunk of 
protons. 

 They all have positive charges. 

 If like charges (+/+ or -/-) repel each other, 
then how come the protons don’t explode out 
of the nucleus??? 

 That would be because of…. 



 The protons don’t 
repel each other 
because the Strong 
Atomic Force holds 
them together. 

 



 Without it, there would be no atoms, no 
elements, nothing.  

 

 The universe would be a big cloud of 
bumping particles.  

 

 There would be no stuff. 

 

 There would be no bling. 

 

 





 The Strong Atomic Force is a thousand 
times stronger than the EM force. 

 BUT it only works over very small distances. 

 Okay, really, really tiny distances so small 
that we can’t even imagine them.  

 Like, a quadrillionth of a meter. 

 1/100,000th of the distance across an atom. 

 Short distance. 



 Some elements are radioactive. 
 They have pieces shooting out of them all the 

time. 
 That’s nuclear radiation. 
 It’s how we make nuclear power and atom 

bombs. 
 In these atoms, the strong atomic force isn’t 

strong enough to hold everything together. 



 HA HA HA HA HA HA!!!!! 

 The Scotsman Michael Faraday figured out 
how electricity and magnetism went together 
when he watched lightning storms. 

 BUT NO ONE HAS FIGURED OUT HOW THE 
REST OF THEM COME TOGETHER. 

 

 



      After Einstein 
discovered relativity 
and all that stuff, 
he spent the 
remaining 30 years 
of his life trying to 
figure out how 
these forces fit 
together. 

 He failed. 
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RECAP! 

•There are Four Fundamental Forces: 

•1) The Electromagnetic Force 

•2) The Gravitational Force 

• 3) The Strong Nuclear Force 

•4) The Weak Nuclear 
Force 

•(We’ll study it this 
term) 

•These act 
over a very 
small range 

•These are 
responsible for 
all we see 
accelerate  
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•The Unification of Forces 

•Physicists would love to be able to show 
someday that the four fundamental forces are 
actually the result of one single force that was 
present when our universe began.  

•Superstring Theory is an interesting and 
promising possibility in this quest 



•Gravitational Force on page 263 

Any two masses are attracted by equal and opposite 
gravitational forces: 

m1 m2 
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F -F 

 

Newton’s Universal 
Law of Gravitation where…… F G

m m

r
1 2

2


G=Universal Gravitation Constant = 
6.67x10-11 Nm2/kg2 

 This is an Inverse-Square force 

 Gravity is a very weak force 


