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Meter Stick Balance
Equipment
Dell Laptop Computer

AC Adapter, Dell Laptop

Jack, Table Silver

Fulcrum Kit, Flinn AP6306
Mass Hanger 50g (2)

Mass Set, Gram (Assorted)
Meter Stick

Figure 1—Equipment and Setup
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Terminology

machine: a system used to alter, transmit, and direct applied forces.
lever: a simple machine used to greatly increase an applied force.

torque: the product of force and lever-arm.

lever-arm: the shortest distance from the pivot-point to the line of action of the force.

Overview

We will explore the use of a lever by taking a constant magnitude applied force and applying it at different locations on the lever so that we can measure the magnitude of the transmitted force. Think of the applied force as the maximum force you could supply, and the transmitted force as being directed against the object you desire to move.

Introduction

In this experiment we will investigate statics of extended objects.  When discussing equilibrium of extended objects, we have to include both translational and rotational motion.  The translational equilibrium is simply described by Newton’s Second Law, 
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Rotational equilibrium means that an object rotates at a constant angular velocity, which means that there are no external torques acting on the object.  The equation describing rotational equilibrium is 
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where ( is the torque.  
The special case where both the translational velocity and the angular velocity are zero is referred to as statics.

In this experiment we will study statics for the case of a simple lever as shown in Figure 2.  The lever is probably the oldest of the simple machines and has long been used to move heavy weights.  In fact the Greek philosopher Archimedes was reputed say, “Give me a lever and a place to stand and I’ll move the world.”  The lever is also the basis of more accurate scales such as two pan balances.  We see how these work below.

Figure 2  Schematic Diagram of Simple Lever
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We can analyze the simple lever to determine the relationship between the variables that will result in static equilibrium.  First, we examine the translational equilibrium.  Figure 3 shows a free body diagram for the lever.  If we ignore the mass of the lever – an acceptable thing to do as long as the fulcrum is located at the center of the lever – then there are three forces acting on the lever:  the weights of the two suspended masses and the normal force due to the fulcrum.  Adding up these forces we obtain 
[image: image6.png]F,+F, —F=0



 

which we can solve for [image: image8.png]


 obtaining 
[image: image10.png]F,=F +F,



 

Simply put, in order to obtain translational equilibrium, the force due to the fulcrum on the lever must support the weight hung on the lever.

Figure 3  Free body diagram for a simple lever
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Now we consider the torques.  When calculating torques we can use any convenient reference point.  Here we will calculate the torques with distances measured from the fulcrum.
Torque is defined

[image: image13.png]T=FxL



 

Where
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Figure 4 shows the relevant geometry.  
The mass of [image: image17.png]


 is applied a distance [image: image19.png]


 from the fulcrum and
the mass of [image: image21.png]


 is applied a distance [image: image23.png]


 from the fulcrum.
By convention, since the torque due to 
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 results in a counter clockwise rotation it is positive and since the torque due to the mass of 
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 results in a clockwise rotation it is negative.  Summing up the torques we obtain 
[image: image27.png]


 

Substituting
[image: image29.png]F,L,—F,L,




 

Substituting further

[image: image31.png]mygL, —m,gL, =0



.
We can solve for the ratio of 
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Obtaining
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In order to obtain equilibrium, the masses must be hung at distances inversely proportional to the mass.  We will now test these results.

Figure 4  Torque Diagram
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Accuracy

· All of your observations should be recorded to 3 significant figures. You should carry 3 significant figures in all of your calculations as well.

Procedure

1. Hang the meter stick with no weight on it from a knife-edge near the 50 cm mark. This is the fulcrum.  Note:  The adjusting screw should be pointing downward as shown in Figure 1 photo.
2. Adjust the fulcrum location until the meter stick balances horizontally. This will likely not exactly be 50.0 cm since the wooden meter stick is non-uniform.  Record the location of the fulcrum to 3 significant figures.

3. Adjust the masses of each hangar to approximately 150 grams total (this includes the slider, mass hanger, and slotted masses).  Use the digital scale to get as close as possible.

4. Place the two slider and mass assemblies on the lever until each is 10.0 cm from the actual fulcrum location.
5. If necessary adjust the right-hand side mass to make the meter stick hang horizontally.  Convert and record this mass as [image: image38.png]


 in gram-force units (gf). [image: image40.png]


 (right-hand mass) will not be moved during the experiment.  You will, however, change [image: image42.png]


’s magnitude.
6. Convert the left-hand mass to gram-force units (gf).  This will be [image: image44.png]


.  [image: image46.png]


 (left-hand mass) will stay the same magnitude during this experiment. You will, however, change [image: image48.png]


’s location ([image: image50.png]


).

7. Move [image: image52.png]


 (the left-hand mass) so that it is 15.0 cm from the fulcrum. Adjust the magnitude of [image: image54.png]


 by adding masses until the meter stick hangs horizontally.  Do not change the location of [image: image56.png]


 at all. Record [image: image58.png]


.

8. Subsequently move [image: image60.png]


 to locations 20.0, 25.0, 30.0, and 35.0 cm from the fulcrum. At each of these locations, adjust [image: image62.png]


’s magnitude (but not position) until the meter stick hangs horizontally. You have now acquired all the data.

Data and Analysis

	Position of the fulcrum
	[image: image64.png]


 _______________
	(units and 3 sig. fig.)

	Magnitude of [image: image66.png]
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 _______________
	(units and 3 sig. fig.)
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Now make a (full-page) graph of force transmitted in gram-force units versus the lever arm, [image: image74.png]


, in centimeters.  It should look like Figure 5.  Submit your graph with your report.
Figure 5 Graph of Transmitted force versus lever arm.
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Draw a best-fit line to your data, and calculate its slope on the graph page.

Excel™ works best for graphing, best fit, and slope.
Questions
1. What is the magnitude of the slope in gf/cm on your graph?  __________________

2. What is the meaning of this slope in terms of quantities you measured in this lab?

3. Calculate the quantity [image: image77.png]fy,



 including units = _______________________

4. How close is this quantity to the magnitude of the slope of your graph?

Report (optional format)
I. Procedure.  Note any differences in your actual procedure from that stated in this handout. Explain why you made these changes and to what end result (better or worse). Note any difficulties you had in performing the experiment. If you performed the experiment with no changes whatsoever, then so state this fact.

II. Data.  Present your data in a neat and organized manner. Legibility counts. Use units where necessary.

III. Analysis.  Clearly outline any calculations you made showing your numbers and units. Make neat and clean graphs following the correct graphing procedures. Label fully and show on the graph any analyses you are making from the graph.

IV. Questions.  Clearly answer any questions posed on the work sheet provided.
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