Forces Outline

1. what is a force? - student ideas

2. my explanation, tie in with acceleration

3. 4 fundamental forces, where we see them

4. Definition (using equation), units

5. Free Body Diagrams

6. Newton’s Laws

7. Gravity

8. Friction

9. Solving force problems


Date: 24 Feb. 2003

Course: SPH 3U1

Unit: Mechanics

Lesson 9: Title: Forces & Free Body Diagrams 

Apparatus needed: large ball

Bellwork: p 67 #1

Preliminaries: check homework (at least 3 questions)
take up homework? (p 67#1,2; p 71#14,20)

Lesson: 

Force
(Nelson p 52-55)
Q. What is force? 
Student ideas: ... 
(What about this ball? What is making it keep moving? ...)

Something that makes an object move change its motion. Change in motion means velocity changes - i.e. the object accelerates.

Forces occur when two objects interact. How is the word “force” used in other ways in our society?
There are 4 fundamental forces in nature

· force of gravity – always attracts, relatively weak (need huge things to feel it), acts over long distances

· electromagnetic force ( attract or repel. (used to be electricity and magnetism, but they were shown to be the same by Faraday, Maxwell, ...), why does it not reach out through the solar system? - screened & neutralized by opposite charges.
demo electrostatic force: comb and water

· strong nuclear force ( keeps protons together in nucleus. Why do protons need to be kept together? (Socratic questions). Very strong, but very short range

· weak nuclear force ( all I know is that it is needed to explain ( (beta) radiation.
where a neutron ----> proton + electron (+ antineutrino)

Most of the forces that we deal with are electromagnetic and gravity. 

When I pick up this book, what force is holding it up against gravity? What are atoms made of? What is most of the space in an atom? - NOTHING. My hand is mostly empty space, so is the book. Why doesn’t my hand just go through the book? electron clouds - both negative - repel each other.

Anything to do with molecules, pressure, states of matter, etc. is ElectroMagnetic Force.

Definition of force:  

 (it is a vector -- has direction)  =  ____ 

  What quantity goes in the blank?  

Imagine a two things coming towards you at 10 km/hr ( a train and a skateboarder. You want to stop them both (so they will have the same acceleration - if they stop in the same distance). Which is harder to stop? Why? mass!

Force = mass ( acceleration

Units:  1N = 1 kg(m/s2  (Who was Newton?)

Why are forces important?

The only way that you can get an acceleration is via a force.   F ( a
acceleration means a change in direction or speed.

.: you cannot change the direction or speed of a moving or stationary object unless you use a force!

** If forces are balanced, then there is no change in motion. **
The other thing that forces can do is change the shape of an object (e.g. crushing a can)

When does the force stop working ?

What happens when you throw a ball up in the air ? When does the force you supplied stop ? The ball rises and then returns under gravity to the ground. The force you supplied stops as soon as you let the ball go. Some people imagine that the ball slows down because the "force has run out". This is not right. Once you release the ball that force which sent it into the air has ended, the forces acting on the ball now are gravity and air resistance. Both these forces are in opposite direction to the direction the ball is moving.
Nelson: p 54#1,3,5
see also: http://www.glenbrook.k12.il.us/gbssci/phys/Class/newtlaws/u2l2a.html

Common Forces:
(Nelson p 56-57)


g = force of gravity


f = force of friction


N = normal force
(( caused by a solid surface (stops object from sinking into surface)

 


( exerted by surface ( to surface. Do NOT say “natural force!”
 


demonstrate with examples (push on desk, wall, inclined plane) – not pulling on string
T (or 

T) = tension (string, rope, elastic – except we don’t deal with stretchy things)


ap = applied force (or if there is more than one applied force, use 

1, 

2, 

3, ...)
 
(just a general push or pull)
(
There is NO ‘force of acceleration’

Note: use Fap instead of Fa for applied force.
(You can use other labels for forces as needed for clarification – e.g. Fdrag, Fbuoyancy, Fengine, Fwind)




res = resultant force. Sometimes also called the net force, total force or the unbalanced force.

( VERY IMPORTANT: the resultant force is not an actual force itself. It is the sum of all of the other forces that are cating on an object



res = m

  ( always!

Free Body Diagrams (FBD)

When we work with forces, we often need force diagrams -- called Free Body Diagrams. Why? because they work. They are really useful for solving problems without making mistakes.

Rules:
1. Draw sketch of object, removed from surroundings
2. Represent each force ACTING on the body by a labelled vector ([arrow] direction and magnitude)
3. All vectors start at the centre of mass. (except for torque which you’ll learn about next year)
4. Do not include forces exerted on surroundings by the object (nor the force resultant)
5. Use vector addition to determine the magnitude and direction of the resultant force.
    (other info can be included off to one side - like Fres, acceleration, etc.)

Called Free Body Diagrams because you are looking at the body in isolation - for simplicity.

Demonstrate with FBD of a car: 
1. accelerating.  Estimate 

res  and draw it to the side (along with 

)
2. constant speed . a = 0 and so 

res = 0
3. driving along when you run out of gas – now Fengine disappears. What is your resultant or total force? Ff, backwards. ( you accelerate backwards, which means that you start slowing down.

Examples: a) FBD of a book on a table 
 


 a = 0 , Ftotal=0

b) FBD of a parachutist
 
F drag is actually acting on the parachute – above the centre of mass, so that the parachutist never flips upside down.
Which force is greater?   Draw a v-t diagram – falling (a ( 9.8), terminal velocity 1 (skydiving), open parachute (v(), terminal velocity 2.

The forces are equal! a = 0 , but v ( 0 !

Aside: buoyancy – centre of buoyancy must be above centre of mass or boat will flip upside down. (but a lot of ballast low down in the boat to make CM lower.

Again … Fres = the resultant force from adding (vectorially) all other forces.  This is the force that actually does the accelerating.  Example: tug-of-war: two balanced forces ... Fres = 0 (no acceleration.
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You will know everything except for 1 unknown:
It could be mass, acceleration, or one of the forces on the FBD. 


Homework: 

Nelson p 54#1,3,5  p 57#9 
(old text book: p 103 #1 (any column of 3), 2a (b is extra), 3)


These three may be too hard, but they do illustrate forces and FBDs nicely. Good way to learn.

a) Draw a FBD of a ball rolling along the floor, slowing down gradually.
b) Draw an FBD of an ice skater pushing off of the boards
c) Draw a FBD or a ball resting in a V shaped trough.

All the forces from FBD:�Fg,    FN,    Ff, Fpush,   Fdrag
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