Lab 12 Forces and circular motion
Name: _______________________

Group members: _____________________

                           ______________________

Objectives

· To explore the conditions to balance forces on a beam.

· Identify the factors important in how forces affect rotation.

· Develop the relation that specifies when things will balance.

Overview

You have already studied the effects of forces on objects that can move in one or more dimensions.  It is important also to understand how they affect things that are constrained to rotate around a pivot.  More than the total force must be considered; we need to also consider the position and angle at which it is applied.  In this lab we will mainly investigate these relationships in the static case (no rotation).

Investigation 1

In this investigation, you will explore the relationship of force and location of application for a simple balance.

You will need:

· Meter stick balance.

· Three mass hangers.

· A variety of different masses.

Set up the meter stick balance and make sure it more or less balances with nothing placed on it.  If this is not true, let your teacher know.   Place a mass hanger with 50 grams (for a total of 100 grams) 20 cm from the pivot point.  Take a second mass hanger with 50 g on it (again a total of 100 grams) and find the place on the other side where it will balance the first.  Hook the mass holders directly on the meter stick.

Question 1-1: How far away from the pivot do you have to place the mass?

Now take 50 g off the second hanger and move it to the position that will balance it.

Question 1-2:  How far from the pivot point is the new balance point?

Place the second hanger with 50 g at the position 40 cm from the pivot, and add another 100 g to hanger 1 (for a total of 200 g) and move it to the position that they balance.  Using the data you have taken, fill out the rest of the table below.  The force is mentioned is the actual force on the beam exerted by the weight of the mass.

Trial
Mass 1
Mass 2


Distance (cm)
Mass (g)
Force (N)
Distance (cm)
Mass (g)
Force (N)

1
20
100


100


2
20
100


50


3

200

40
50


Question 1-3:  Looking at the data in the chart, can you express a relationship between the force and the position in the case the beam balances?  (Write down a mathematical formula that relates the forces, F1 and F2 and the distances, d1 and d2.)

In the section above we investigated the case of two forces on the beam.  But sometimes we have more than two forces.   What will happen then?  Let’s investigate the case of three masses.

Prediction 1-2:  Two 100 g masses are placed on the left side of the pivot point, one 20 cm from the pivot and the other 40 cm.  If enough mass is added on the right side at a point 40 cm away to balance the beam, how will the mass on the right compare to the total mass on the left?  Will the total mass on the right be more than, equal to, or less than the sum of the two masses on the left?  If the mass is added instead to the point 20 cm from the pivot, will it require a mass more than, equal to, or less than the sum of the two masses on the left?

Place 100 g at 20 cm from the pivot on the left side and another 100 g at 40 cm from the pivot.  Place the third holder 40 cm to the right of the pivot, and add mass until the beam balances.

Question 1-4:  How much mass is needed to balance the beam?

Question 1-5:  Move the third holder to 20 cm away, and add or remove mass as needed.  How much is needed at this point?

Question 1-6: How much is needed if the third holder is 30 cm away?

Summary Question 1:  Starting with the equation you wrote down in Question 1-3, modify it to include the new mass, so that you now have forces F1, F2 and F3 and distances d1, d2 and d3.  Can your write it for any number of F’s and d’s?  If you are not sure, you may ask your instructor.

(At any point after here you can skip to do investigation 4 if the equipment is available.)

Investigation 2

In this investigation, you will explore the relationship of force and location of application for a simple balance involving spring scales.

You will need:

· Meter stick balance.

· Two mass hangers.

· A variety of different masses.

· Spring scales, 5 N maximum.

You have been using masses to apply forces to the balance, but your results should be independent of the source of the force.  Let’s check that. Place 400 g at the point 10 cm to the left of the pivot.  Calculate how much force you will need to apply at the point 10 cm to the right of the pivot in order to balance the beam.


Force needed:   ______  N 
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Take a spring scale and make sure it is zeroed when held with the hook at the top.  Place it on the right of the beam and pull straight down to balance the beam, and record the value in the chart below.  Repeat for 20, 30 and 40 cm.  Then plot your data on the graph.

D (cm)
F (N)

10
______

20
______

30
______

40
______

Question 2-1: Is this a linear graph, a proportional graph, or an inversely proportional graph?

So far, we have only applied forces downward, but obviously we could also apply them in an upward direction.  What about pulling up?  Copy the values your recorded above in to the first column of the chart below for comparison.   Check your spring scale so that it is zeroed with the hook hanging down. With a mass of  400 g still at the position 10 cm from the pivot, hook the spring scale onto the beam just outside the mass and pull straight up with it so that the beam is balanced.  Repeat for each of the values in the chart below.

Distance (cm)
Force pulling DOWN on RIGHT (N)
Force pulling UP on LEFT (N)

10 cm



20 cm



30 cm



40 cm



Question 2-2: How does the force needed to pull down on the right at a certain distance away form the pivot compare to that needed to pull up on the left at the same distance?

Note that a pull downward on the right and a pull upward on the left both (try to) make the rod rotate in the direction hands on a clock move, or in a clockwise (cw) direction.  In the same way a pull upward on the right and a pull downward on the left both (try to) make the rod rotate opposite that of a clock, or in a counter-clockwise (ccw) direction.  So from a rotational standpoint, pulls down on the right and up on the left are pulls in the same direction

Summary Question 2:  In Summary Question 1 you wrote down an expression that indicated that the sum of the forces times the distance for things on the right side equals the sum of the forces times the distance on the left side of the balance.  What do you need to change in the statement to take into account the forces pulling up on the left?

Investigation 3

Up to this point, we have only dealt with forces straight down and straight up, or perpendicular to the beam.  However, that is not always the case.  In this investigation we will see what happens when the force is applied at an angle.

You will need:

· Meter stick balance.

· Two spring scales.

· Protractor.

Prediction 3-1:  Compare a force applied at a 45o to the beam  to the same force applied perpendicular to it, as you did above.  Will the second force needed to balance the beam be more, less, or the same amount of force to balance the 45o force compared to when it is applied perpendicular?

If it is not already done, put loops of strings through the holes in the beam at each end 40 cm from the center, and set up the balance.  Hook one spring scale on one loop and the other one on the other loop.  One partner will pull on the spring scale with a force of 5 N at different angles while the other will pull straight down at all times, and observe what force is needed to keep the balance level.  Start by having both pull down, with the first person pulling with a force of 5 N.  Record in the forth column of the chart below the force needed to balance it.  While one person holds the stand to keep it from tipping, use the protractor to measure and angle of 75o from the beam, and pull the first scale at that angle.  Pull on the first scale with a force of 5 N, and record the force the other person must exert straight down to balance.  Repeat with the first scale at an angle of 60o, 45o, 30o and 15o, and fill in the rest of column 4.  You will come back and fill the last column in a moment.

Hint on using protractor.  One way to measure the angle would be to place the straight edge of the protractor against the edge of the ruler.  Note that there is a mark or a hole near the center of the straight edge that indicates the center of where all the degree marks point.  Slide the protractor so this mark is along the string, and then read off the angle where the string crosses the edge of the protractor.  Adjust the angle the string is pulled as needed.  Note that if you make a major adjustment to the angle, you may need to slide the protractor along to get the center mark lined up with the string again.

Angle of 1 (o)
Force of 1 (N)
Angle of 2 (o)
Force of 2 (N)
Calculated (N)

90
5
90



75
5
90



60
5
90



45
5
90



30
5
90



15
5
90



Question 3-1: As the angle of the first spring scale changes, how does the force needed from the second one to balance it change?   Why is it that when you are pulling at low angles (e.g. 15o), you need to apply little or no force to keep the beam from rotating?  If that force does not go into making the beam rotate, where does it go (what does it do)?

Question 3-2: Since force is a vector, we can break it down into components along the beam and perpendicular to the beam.  Recalling what you know about forces, write an expression for the components parallel and perpendicular to the beam in terms of the total force F and the angle from the beam .

Fparallel =

Fperpend. = 

Question 3-3: Use your expression for the component of force perpendicular to the beam to fill in the last column of the chart above, using 5 N for the force, and the corresponding angle between 90o and 0o.  How do the calculated values compare to your measured values?

Summary Question 3: Based on the previous summary questions, try to come up with a general rule for balancing the beam, accounting for multiple distances and forces, the direction the force is being pulled, and the angle it is being pulled.

Investigation 4

All of the other investigations in this lab have involved balancing a beam.  In this case we will look at a rotating apparatus.

You will need:

· Rotating apparatus with string.

· Disk to place on it.

· Two spring scales.

· Caliper for measuring.

When you look at the rotating apparatus, you will see that there are three different sized wheels that string can be wound around.  Use the calipers to measure the diameter of the wheels (not the rims, but the part the string is wound around) and record the sizes.

Large:  ________

Medium: ________

Small:   ________

Prediction 4-1:  If you wound a string around the large wheel and a string around the small wheel the opposite direction, and then pulled on the string around the small wheel with a force of 5 N, how much will you need to pull on the string around the large wheel?

Try it.  How does the result compare to the prediction?

Prediction 4-2:  If you were to let go of the string on the large wheel and pull with a steady force on the string on the small wheel, what will happen to the apparatus?  (You may find this obvious.)  Will it go faster or slower if you apply the same force to the string around the large wheel, and let go of the other?

Wrap the string around the small wheel, and place the disk on top (note that there is a notch to match up).  Pull the string with a force of 1 N and observe how quickly it speeds up.  Stop the apparatus and repeat using the large wheel.

Question 4-2:  How the rates of speeding up compare for the two wheels?  Which causes a larger angular acceleration?

Rewind the string around the large wheel, replace the disk on top, and then add the metal ring on top of that to increase the moment of inertia (which depends on the mass and how it is distributed) of the apparatus.  Once again pull with a force of 1 N.  

Question 4-3: Does increasing the moment of inertia cause the angular acceleration to be larger or smaller?

Summary Question 4:  An unbalanced torque (F*d) around something that can rotate causes what to happen?  What is the effect of changing the torque?  What is the effect of changing the moment of inertia?

Homework

1. A 5 meter long plank is used to lift a 100 kg stone.  The stone is at one end, and the fulcrum (pivot) is 1 meter from that end.  What is the force the stone exerts on the plank?  How much force must be exerted on the other end of the plank to lift it?  How much force must the fulcrum exert upward on the plank to balance the applied force and that from the stone?  Show your work.


2. A 5 meter long plank is again used to lift a 100 kg stone.  This time the end of the plank is on the ground, the stone is one meter from the end, and an upward force is applied at the other end.  What is the force the stone exerts on the plank?  How much force must be exerted on the far end of the plank to lift it?  How much force must the ground exert upward on the plank to balance the applied force and that from the stone?  Show your work.

3. Good friends Joe, Ken and Leroy are hanging out at a park after getting out of school, and are playing on a see-saw.  Joe sits at on end of the see-saw, and Ken at the other end, but it isn’t balanced, so they want Leroy to get on Ken’s side and balance things out.  If Joe is 40 kg, Ken 30 kg, and Leroy 20 kg, where should Leroy sit?  Show your work.  (Yes, this can be solved without knowing the length of the see-saw.)

4. After a while, the friends decide to switch so that Joe and Leroy are on the same side.  Describe an arrangement of the boys that will allow the see-saw to balance and show your calculation to support it.

5. A store sign has a light pole sticking straight out, from which a 20 kg sign is hung in the middle.  A cable attached at the end runs at a 60o to the wall above to keep it from falling down.  Treat the end of the pole against the wall as a pivot.

a. What is the tension in the cable?

b. How much upward force does the cable exert in the pole?

c. How much upward force must the wall exert on the pole to balance the weight of the sign?

d. How much force does the cable exert on the pole in the horizontal direction?

e. How much horizontal force does the wall exert on the pole?

f. What is the total force (magnitude and direction) that the wall exerts on the pole?
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