Action Physics  Chapter 4   Newton’s First Law of Motion   Lesson Plans


A.
Introduction

1.
Historical Approach - Aristotle  -  Copernicus  -  Galileo  -  Newton

2.
Check Video Tape - Inertia

3.
Concept Dev. page 4-3 distinguishes between force and velocity vectors

5.
If you want: Appendix C Sailboat sailing into the wind.  Use Air Track


Plato (427-347)


4.1
Aristotle (384-322 BC) on Motion  43


a.
Problem Solving Exercises Chapter 3 Forces: Forces and Acceleration - Friction - Statics - Pressure


b.
Video Tape: 4   Newton's First Law   (45 min)


c.
R Q 56:  1
Natural vs Violent Motion - Aristotle

4.2
Copernicus (1473-1543) and the Moving Earth  44


a.
R Q 56:  2
Copernius - why not publish

4.3
Galileo (1564-1642) on Motion  44


a.
The Old Idea That Constant Motion Needs a Force


1.
What if that cart started moving? - would look for a force


2.
Can things move by themselves? - only living things


3.
What about a cannon ball after it leaves the cannon?


4.
Demo: Balloon Air Puck  Make ____  What keeps it moving? or



Demo:  Roll cart on ramp 


5.
Inertia -> refers to a habit or a rut   in physics -> laziness or resistance to change


b.
Aristotle and Galileo



1.
Aristotle -> natural and violent motion



2.
Galileo -> idea of inertia -> once set in motion, stays in motion w/o added effort

c.
R Q 56:
3
effect friction on _____ object





4
ball on 





5
Galileo - ball up and down a ramp

4.4
Newton's Law of Inertia  46


a.
Lab Activity 8 Going Nuts - Inertia






Lab Activity 9 Buckle Up! - Inertia
Ken & Barbie


b.
Demo: Croquet Balls balanced on head.


c.
Demo: Wood block stapled to piece of cloth - Newton’s Zeroeth Law -> Be skeptical!


d.
Demo: Dishes on table cloth


e.
Demo: Eggs into Glasses


f.
Demo: Three Blocks with Beaker of water on top Hammer


g.
Demo: Toilet Paper


h.
Concept Development  4-1 Inertia


i.
Next Time Question 4-1 Sphere Leaving a Spiral Tube


j.
Next Time Question 4-2 Pendulum Cut by Razor Blade When at Bottom.


k.
R Q 56:  
6
law of inertia to moving object at rest or both






7
why pedal bike to keep it going   no





8
force on car, ball to keep it going

4.5
Mass: A Measure of Inertia  48


a.
Mass vs Volume



1.
mass -> indicates the amount of inertia



2.
volume -> indicates amount of space it takes up


b.
Mass vs Weight



1.
mass - depends on stuff there



2.
weight -> depends on gravity and stuff present (mass)




3.
Demo: Croquet ball and steel ball - which is heavier? shake back and forth - compare inertia



4.
twice the mass means twice the weight but are not the same



5.
Demo: Weight with string above and below - #6 on page 57



6.
Demo: Place lead sheet on hand and hit with hammer



7.
motion is part of 1st law - moving things continue at constant velocity in absence of force



8.
Demo: Tighten a hammer head



9.
Demo: Knife and apples


c.
Shorter at Night



1.
Check height before going to bed and when getting up.



2.
Share astronaut problem when in space.



3.
Demo: Rod in block    



4.
Demo: Coke Bottles & Dollar Bill



5.
Transparency Next Time Question 4-1 Sphere Leaving a Spiral Tube Make _______



6.
Transparency Next Time Question 4-2 Pendulum Cut by Razor Blade When at Bottom Make ___


d.
Motion Without Force



1.
Path of ball tossed in space without gravity - straight line path at constant speed (constant velocity)



2.
Demo: Ball on String - path it goes when string is cut




- ball swings at constant speed, not constant velocity - 



3.
Demo: Accelerometer     Demo: Downey Ball     Demo: Spin Lettuce



4.
Transparency:  Fig 4.10,  Fig 4.13,  Fig 4.14  Make ____



5.
R Q 56:  9,  10,  11,  12,  13

4.6
Net Force  51

4.7
Equilibrium-When Net Force Equals Zero  51


a.
Disc: Push with a force in one direction, what if push with different forces in opposite direction?


b.
Resultant motion of one of say 6-N vs a 10-N in one direction ant 4-N in opposite the same


c.
Handout: Concept Development 4-3b 

d.
Transparency Next Time Question 4-3 Force and Velocity Vectors - Net Force Make __


e.
Demo: Support mass by 2 scales and increase angle


f.
Disc: Transparency Fig 4.13 Make ______


g.
Disc: Transparency Fig 4.14 Make ______


h.
Inv: 24 hour towing service.



i.
Demo: Long Rope - person push down


j.
Demo: Bowling Ball with ropes


k.
Why always a sag in a wire?


l.
R Q 57:  14,  15,  16,  17

4.8
Vector Addition of Forces  53


a.
Concept Development 4-2 Statics - Vector and Equilibrium


b.
Next Time Question 4-3 Direction of Friction of Book Pressing Against Wall


c.
Concept Dev 4-3a
p 13 distinguishes between force and velocity vectors


d.
Concept Dev 4-3b 
p 14 net forces and resultant vectors


e.
R Q 57:  18

4.9
The Moving Earth Again  55


1.
Are we at rest? room is traveling 30 km/s E


2.
Jump up while standing next to a west wall - Does wall slam into you?



Why not? You’re no longer fastened to the floor?


3.
R Q 57:  19,  20

More Think-and-Explain Questions

1.
Johannes Kepler, famous astronomer of the early 17th Century, did not believe the earth spins on its axis and cited the argument that if the earth did spin, then cannonballs shot eastward would travel farther than cannonballs shot westward.  Discuss this argument.

Answer.  Kepler was not aware of the law of inertia, or at least didn't apply it to this situation.  The cannonball at rest in the cannon has the same speed as the earth's surface at that point.  Its firing speed is relative to the moving earth, so there would be practically no difference in range whether the cannonball were fired east, west, north or south. (For longer-range cannons after Kepler's time, some effect does occur - the Coriolis Effect.)

2.
If you're playing catch with a friend in the aisle of a fast-moving airplane that travels at constant velocity, in which (if any) direction does the ball gain more speed due to the plane's motion?  

Answer.  The speed of the ball is relative to the frame of reference of the throwers, who are in the frame of reference of the moving craft.  The speed of the ball relative to the throwers has nothing to do with the speed of the craft.  Tossing the ball on an airplane that moves at constant velocity is no different than tossing the ball while the plane is at rest.  Newton's first law: a body in motion remains in motion in the absence of an outside force.  The only outside force that acts is gravity, which is the same whether the plane moves or not.

3.
Your empty hand is not harmed if it bangs lightly against a wall, but is harmed if your are carrying a heavy load.  Why so?

Answer: A heavy load has a lot of mass, that once in motion has a lot of tendency to remain in motion.  More force is required to stop more mass so your unfortunate hand is squashed.

4.
Does a person diet to lose mass or to lose weight?  

Answer. A person diets to lose mass.  One loses weight whenever gravity is reduced, like being on the surface of the moon.  Even with less weight on the moon, an obese person is still obese.

5.
When and where can a I -kg mass weight more than a 2-kg mass?

Answer. Where gravity is sufficiently less, like on the moon.

6.
How does a car headrest help to guard against whiplash in a rear-end collision?

Answer. In a rear end collision your head tends to stay put while you body is pushed forward by the seat.  Relative to your body, your head "whips" back.  The headrest extends the seat up to your head and keeps your head and body together.

7.
Can the force of gravity on a 1 -kilogram mass ever be more than on a 2-kilogram mass?  Defend your answer.

Answer. Yes, for example, the force of gravity on a 1-kg mass on the surface of the earth is considerably more than on a 2-kg mass on the surface of the moon (actually three times as much).

8.
A car at a junk yard is compressed until its volume is less than 1 cubic meter.  Has its mass changed?  Has its weight changed?  Explain.

Answer. Neither its mass nor its weight changes when it has been compressed, because the same quantity of matter is present.  Only its volume is less.

9.
If you jump up in bus that is moving at constant velocity, will you land farther back?  Explain. 

Answer: No, you will land as you would if the bus were at rest.  The explanation is that you are moving with the bus before, during, and after your jump.  In accord with Newton's 1st law, a body in motion remains in motion unless acted upon by a force.  There is no horizontal force on you during your jump, so you simply continue moving with the bus. (If the bus accelerates while you are in the air, you land in a different place.)

10.
If the first law is really a description of nature, why do moving things in our environment eventually slow down?

Answer.  Moving objects slow down because of forces, usually friction.

More Think and Solves
1.
An average apple weighs about 1 Newton.  What is its mass?

Answer. [1/ 10] kg (1 kg weighs about 10 Newtons, so we find: 1 kg/10N = x/1N; where x = 1 kg IN/ 10N = [1 /10] kg.  At sea level on the earth's surface, 1 kg  more precisely weighs 9.8 N. In the next chapter we will see that Weight = mg.)

2.
Find your weight on a bathroom scale and compute your mass in kilograms.  If the scale reads pounds, compute your weight in Newtons. 

Answer: Each kg weighs about 2.2 lb, or 10 N. So divide your weight in pounds by 2.2 and you have the number of kilograms.  Multiply the number of kilograms by 10 (or 9.8) and you have your weight in Newtons. (This simple but very good activity helps to distinguish between mass and weight).

3.
A firefighter who weighs 300 N slides down a pole at constant velocity.  What is the friction force that acts on her?

Answer.  She slides at constant velocity, because net force on her is zero, which means the force of friction exactly balances her weight - 300 N.

4.
A refrigerator is pushed at constant velocity across the kitchen floor with a force of 200 N. What is the force of friction acting on the refrigerator?

Answer: 200 N, to give a net force of zero.
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