A short experiment on levers
Some definitions:

Fulcrum: the point about which a lever rotates – if the lever is moving this is the point that remains stationary

Lever arm: the distance between the point where a force (a.k.a. an effort) acts on a lever and the fulcrum




One of the variables in a lever system is the mass of the object serving as the lever and another variable is the position of the fulcrum with respect to that object.  We can minimize the role of the lever’s mass by placing the fulcrum at the lever object’s center, so that with no other forces in play, the lever system is balanced.  

1. Place a bracket on the half-meter stick near its center (25 cm) so that it is balanced (as near as possible) and secure its position by tightening the screw.  

2. To save time we will assume all of the brackets have a mass of 22 grams, hangers have masses of 50 grams, and that the disk-shaped masses have the mass values imprinted on them.  (Time permitting you may wish to verify some of these values by using the mass balance scale.)
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3. Place on the right-hand-side of the lever a hanger hanging from a bracket (no mass added) close to the end of the stick (say, between 46 and 49 cm markers).  Record the lever arm (distance between the bracket’s center and the fulcrum) in the centimeters in the fourth column of the second row in the table below. Then place on the left-hand-side a hanger, bracket, and 200-g mass.  Position the second hanger so that it balances (as near as possible) the system.  Lock this second hanger into position.    

Data from the right-hand-side of the lever system
	Mass (g)
	Mass (kg)
	Weight (N)
	Lever arm (cm)
	Lever arm (m)

	72
	
	
	
	

	122
	
	
	
	

	172
	
	
	
	

	222
	
	
	
	

	272
	
	
	
	


(Note the convention above that the unit of measurement (grams in column 1) is placed in the header and not in any of the subsequent rows.  This is particularly important when data is taken to a package such as Excel.  Having a unit in a spreadsheet cell will result in that cell’s not being recognized as a number.) 
4. Vary the mass on the right-hand-side. 

a. Add a 50-g mass to the right-hand-side, balance the system by changing the position of that hanger (on the right), and then record the lever arm in the above table. 

b. Remove the 50-g and add a 100-g mass to the right-hand-side; balance the system, and then record the lever arm.

c. Add a 50-g mass (to the 100-g mass) on the right-hand-side, balance the system, and then record the lever arm.

d. Remove the 50-g and 100-g masses and add a 200-g mass to the right-hand-side, balance the system, and then record the lever arm.

Since we controlled the mass variable (or weight variable, see below) and determined the lever-arm variable by balancing the system; we would conventionally call the mass variable our independent variable and the lever arm our dependent variable.  

5. Convert the masses from grams to kilograms by dividing by 1000. Fill in the second column of the above table.

6. Strictly speaking the law of levers is about forces, not masses.  Thus, multiply each mass (in kg) by 9.8 m/s2 (known as the acceleration due to gravity), which will yield the corresponding weight (in Newtons, a unit of force).  Fill in the third column in the above table. 

7. Convert the lever arms from centimeters to meters by dividing by 100. Fill in the fifth column of the above table. 

8. A way to “see” the dependence of the variables is to plot them against one another. Make an XY-Scatter graph in Excel with Weight (the independent variable) on the x-axis and Lever Arm (the dependent variable) on the y-axis.  

a. Open Excel and enter the weight and lever-arm data in two columns. In Excel the x-axis data (which is conventionally the independent variable) goes in the first column while the y-axis data (conventionally the dependent variable) goes in the second column. 

[image: image3.png]mi LB

Levers - Microsoft Excel

=l
©

- Do e e
R s p e | Z-Ap
m \ IQ'HA‘.( (s | souae- @~ B0
: SA- EoE 1 Eiromat - | 2 Faters e+
(lllzhnam = = Number % cens ating
87 e £ ¥
YOO T T NI N N T ST R I

1
2
b
h
s
o

7
s
s

‘Weight (N) Lever arm (m)

07546 024
1.1956 0142
1.6856 01005
21756 0.077
26656,

n
2

1] Sheet1 , Shest2 “Sheets /€

Ready | e Y °





b. Highlight the data in the two columns.  Then click on the Insert tab.  Click on Scatter under the Chart region and choose the version which has data points only. 
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c. With the chart highlighted, click on the Design tab under Chart Tools.  Then click on the drop-down arrow next to Quick Layout and choose Layout 9. 
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d. Click on the x-axis label and enter “Weight (N)”. Then click on the y-axis label and enter “Lever arm (m)”.  Next click on the title and enter a title.
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e. Right click on the legend and choose delete.
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f. Right click on the line (known as a Trendline or a fit) and choose Format Trendline.
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g. The mathematics that we expect our data to conform to is called a Power law, so select that option.  Also make sure that the checkboxes for Display Equation and display R-squared value are checked.   (The R-squared value is a statistical measure of how well the data and the mathematical function agree.)
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h. Drag the equation to a better position, then highlight it and go to the Home tab and change the Font size. 
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9. If the Chart is highlighted, it can be copied and pasted into another file, for example a Word document.  Thus you will be able to add your graph to your lab report. 
10. The “fit” was to a so-called “Power Law” which has a coefficient (0.1752 in the sample above) and a power (-1.04 in the sample above).   The power from the fit is very close to –1, which is known as an “inverse” or “reciprocal” relationship.  An inverse law says more than “when quantity A goes up, quantity B goes down,” but more specifically says that “when quantity A is doubled, quantity B is halved; when quantity A is quadrupled, quantity B is quartered; and so on.” A mathematical relationship such as this allows one to imagine what the results would be for dependent variables that were not actually studied in the experiment using the processes of interpolation and extrapolation. What was Archimedes’ famous extrapolation of the lever results?  (Work into your lab report somewhere.)
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