Unit: IIC; Balanced forces.  

Position within Unit:  After introduction of how to measure position, velocity, acceleration, and force.  After Study of Newton's first and second laws, and before introduction of Newton's Third Law.  This activity is designed as an introduction to Newton's 3rd law (For every action there is an equal and opposite reaction), but could easily be used as an experimental test of Newton's 3rd law after some study.
Title: Pushy Teenagers.
	OBJECTIVES(S)
PURPOSE
	To demonstrate the effects of Newton's Third Law.  To help the student understand this basic concept.


	CA STANDARDS

	Grades 9-12: Physics, 1 c,d

	MATERIALS

	Presentation materials: None
Copied materials (Handouts, worksheets, tests, lab directions, etc.): None
Pages in textbook:  Book title:____________Pages:_______ Unknown
Laboratory materials:  For the teacher or the class as a whole:
2 Wheeled office chairs: as similar as possible (One pair for each lab station if possible)

Large capacity scale for weighing students

2 measuring tapes
Empty space in classroom

2 stopwatches

1 classroom set Calculators

For each laboratory station: Pencils and papers
Other materials: None

	ACTIVITIES
Scaffolding:  prior knowledge; Newton's 1st law, 2nd Law

Activity:  Data collection 
(30 minutes)

[Activity #2 Name] 
(--minutes)

Scaffolding: measuring velocity, acceleration, force.

Conclusion 
(--minutes)


	Introduction/Anticipatory set (~10 min) 
Select 2 students (one large and one small) and seat them in wheeled chairs.  Have one student push the other (with feet or hands) hard enough so that both students move.  Then ask the class the following questions (answers in parentheses):

Does the student who's pushing exert a force on the student being pushed? (yes)

How do you know? (the student is changing velocity; Newton's 1st Law)

Does the student who is being pushed exert a force on the student doing the pushing? (yes)

How can you tell? (the student is changing velocity; Newton's 1st Law)

Which student is exerting more force on the other? (Do not provide the answer)  
To help them out, and depending on the level of the class, you may want to ask a few more specific questions.  For each question try to get a student to explain their reasoning – why do they think this?:

How many of you think the student who pushed exerted more force? 

How many of you think the student who was pushed exerted more force?

How many of you think the bigger student exerted more force?

How many of you think the smaller student exerted more force?

How many of you think the students exerted the same amount of force?

How could we find out?  -- what would we have to measure? (Force)

And what do we need to know to measure force (F=ma; Newton's 2nd law)

Here's how we can measure these things today:  Move into main activity -- 

Main Activity (30 min).
Use the anticipatory set as modeling to show the students what they will be doing:  Bring up a new group of 4 students: 2 will be the new "pusher and pushee" and 2 will be timers: one for the pusher and one for the "pushee".  They will time the student traveling a known distance on the floor (starting and stopping points can be marked with tape to ensure consistency: if you use 1 m on each side, the math will be simplified somewhat).  Have your "demo" students measure and mark these distances so everybody can see what they did and what the distances are – no "black boxes".

2 students will sit in the wheeled chairs. One student will push against the other (with hands or feet). Timers will use stopwatches to measure the time it takes for each student to travel a known distance (1 m, for example, but use a distance that is convenient given your room conditions).  From this they will calculate average velocity, acceleration, and force, ignoring friction. (see table below).
Equations:  Average velocity (VA)=distance(d)/time(t).
Acceleration (a) = 2*VA/t (only true if initial velocity=0).
Force (F)=mass(m)*a (Newton's second law).
For classes with low level math skills, all students need to measure is the average velocity (VA) the time (t) and the mass (m) of the chair and the person (weigh the chair when you begin, then simply add the mass of the person sitting in the chair).  They can then use Newton's 2nd Law (F=ma).  Below is a table you can use to keep data and calculations organized and easy.
For Students with more math, you can make them derive the special equation for acceleration before using the table.  To do this you need 2 more equations: 
VA=(Vi + Vf)/2, and a=(Vf-Vi)/t, 
where Vi and Vf are the initial velocity and the final velocity respectively.  
Derivation:
VA=(Vi + Vf)/2.  But Vi =0, so VA=(0 + Vf)/2,  and VA=Vf/2, so Vf=2*VA.  Then,

a=(Vf-Vi)/t.  Again, Vi=0, so a=(Vf-0)/t and a=Vf/t.  

Finally, substitute Vf=2*VA into a=Vf/t and a=2*VA/t

If you have enough wheeled chairs to split into groups (at least 4 students/group) for measurement, have each group make measurements on their members following the basic instructions below.  If, as seems more likely, you can only dig up 2 chairs, these instructions should help speed up data gathering and help include the entire class in the activity.

To organize information keep equations from above on the board and also keep a table on the board (or have each group keep their own) that shows:
d= __ m
"Pushee"

Pusher

Quantity:
(Unit):
 time (s)
 mass (kg)
 VA (m/s)
 a (m/s2)
 F (N)
 time (s)
mass (kg)
 VA (m/s)
 a (m/s2)
 F (N)
Equation:

--

--

d/t

2VA/t

m*a

--

--

d/t

2VA/t

m*a

Pair A

Pair B…
Remember that distance, time and mass will be measured, not calculated.  It will probably work more efficiently to have two students designated as timers to do all of the measurements of time, and put them up on the board. Also, as good experimental procedure and to avoid possible bias caused by differences in chairs, make sure to alternate the chair the pusher sits in – you may also want to rotate whether the large or smaller student does the pushing.  It is also important that the 2 chairs be as similar as possible, since big differences in friction could bias the results: it’s a good idea to lubricate both chairs before beginning the lesson in order to reduce any such differences.
Safety Issues:  Obviously, with students pushing each other around, there is the possibility that some of the students might get a little overzealous and push a bit hard.  Make sure you have a reasonable amount of space for the chairs to move in without obstruction.  Tell the students to try not to knock each other over and to push against the chair at about the level of the seat (pushing too high or too low can overbalance one or both of the students).  It is also probably a good idea to have a couple of students to act as spotters and shock absorbers to help catch a student that might fall and stop them gently before they hit a wall or a desk etc.    Also, try to keep size differences between students reasonable:  if you have a 350lb offensive lineman pushing around a 75 pounder, it could be a problem. 
Then each student should, in their notebooks, use this data to create their own table and calculate the other values (in low math classes, just get each student to calculate their own pair, then try to get them to check each other's work).  It is a good idea to go through the calculations as a group for the first 2-3 rows, then have students come up and put their numbers on the board to share with the class (i.e. each "pusher" and "pushee" should put their own numbers up as they get them calculated).  Students waiting their turn should work on existing data as practice and to act as a double check on each other's calculations.  
Each pair should take less than a minute to measure and write on the board, but calculations will eat up time – this is why each student should only be a pusher or "pushee", not both.  If you have more time or don't mind spending 2 periods on this, you could measure each student as pusher and pushee to increase the sample size.  Another possibility is to use calculations as homework, then check the data at the beginning of the next period (against your correct answers) before going on to the next step – this can also serve as assessment.
Once the table is full, compare the force on the pusher and the "pushee" to see if they are different.  Measurement error says they will be, despite Netwon's best efforts, so take the difference between the two (i.e. pusher force minus pushee force) and test against zero using a one-sample t-test testing against a hypothesized mean of zero.
Concluding activities (5 min):
Questions to ask:

Which student is exerting more force on the other? (It should be the same)

If you push against a wall while sitting on a chair, does the wall exert a force on you? (Yes –if they don't believe it, have them try it)
Do you exert a force on the wall? (Yes):  if they say no (which they likely will since the wall doesn't move), ask them:  
If the wall were on wheels, do you think it would move?  

Then would there be a force exerted?  
So why isn't there a force when it doesn't move – what happened to it?  
There is a difference between no force and not enough force to counter the opposing forces (remember the 1st law!); although a change is motion is evidence of a force being applied, a lack of change is not evidence of a lack of force.  

What other forces are preventing the wall from moving? (friction, connections to floor and ceiling etc.)
Based on what we saw with the chairs, which do you think would exert a greater force, you or the wall? (The forces are equal)
Now introduce Newton's 3rd Law:  for every action there is an equal and opposite reaction – which is just what you demonstrated in today's activity.

Extension:  You can also use this data to look at Newton's 2nd Law:  Plot each students mass on the X axis and their acceleration on the y-axis.  You won't get a perfect line because there will be too much variation in how hard the students push each other, but you should get a decent trend showing that lighter students accelerated more than heavier students.  Then show them how to solve F=ma for a (a=F/m) and show them that, for a constant force, the smaller mass will always accelerate faster (plot it!)
Disclaimers:  There are several difficulties with this activity that have nothing to do with the science, but could cause problems:
# 1 Safety, as mentioned above.

# 2 Students discomfort regarding masses.  You could set up an anonymous table (use numbers or letters) and don't let students see the entry to avoid possible embarrassment issues here, but it will take more time.

#3 Physical contact between students.  try to get them to only touch the chairs.  If this is a real problem, you could use an empty chair or a chair weighted with a sandbag, for example.  Be sure, however, to change which chair the sandbag is in (preferably alternating it).

	ASSESSMENT

	Finishing the table (given masses and times) can be assigned for homework.  Ongoing assessment during lesson includes monitoring of student responses to questions and other questions that come up as you encounter misconceptions/misunderstandings.

	REFLECTION

	Write yourself some notes about impressions of the lesson, key student difficulties, and ideas for improving the lesson the next time you teach it.




