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Lift the Load!

The Greek philosopher Archimedes said, "Give me a lever long enough, and a place to stand and I can move the world." What did he mean by this? In this activity, you will get a chance to investigate how levers work.

OBJECTIVES

In this activity, you will

· Make a lever.

· Measure the amount of force needed to lift up a book when applying a force at different positions on the lever.

MATERIALS

	computer with Logger Lite software installed

	Go! Link interface

	Vernier Dual-Range Force Sensor

	meter stick 

	heavy book 

	fulcrum

	tape

	loop of string 


PROCEDURE

Part I  Lever with Fulcrum at 20 cm


1.
Get the Force Sensor ready to collect data.

a. Make sure the Force Sensor is connected to the Go! Link and that the Go! Link is connected to the computer. 

b. Set the switch on the Force Sensor to the +/- 50 N setting.


2.
Start Logger Lite on your computer.


3.
Open the file for this activity by doing the following:

c. Click the Open button, [image: image1.png]


.

d. Open the folder called “Elementary Science.”

e. Open the file called “28 Lift the Load.”


4.
Set up the first lever by doing the following steps. Look at the drawing below to help you set everything up in the right way.

f. Tape your fulcrum near the edge of the table or desk so that it cannot move.

g. [image: image16.jpg]Resistance Arm

Effort Arm

Fulerum




Place the lever so that the 20 cm mark is on the fulcrum, leaving the longer end sticking out over the side of the table. 

h. Put the book you are going to lift at the 5 cm mark so that just the edge of the book rests on the meter stick and the rest of the book is on the table.


5.
Do the following things to zero the sensor.

i. Hold the Force Sensor so that the hook on the end points upward. Hold it very still.

j. Have someone else in your group click [image: image2.png]


. When the zeroing process in done, the reading on the screen should be close to 0, when the sensor is held in this position.


6.
To finish setting up the lever system, complete these steps:
k. Slide the loop of string up the meter stick from the end overhanging the table until it reaches the 30 cm mark. 

l. Hook the Force Sensor on the loop of string, as shown above.

7.
Different parts of a lever system have different names. Read the following steps to learn about the different parts of the lever you have built. 

m. The side of the lever where the book is placed is called the resistance arm. For lever you have built, the resistance arm is 20 cm. 

n. The side of the lever where the push or pull happens is called the effort arm. To find the length of the effort arm, find the difference between where the Force Sensor is attached and the fulcrum. Since the loop of string is holding the Force Sensor at 30 cm and the fulcrum is at 20 cm, the length of the effort arm is 10 cm. 


8.
Collect data by doing the following:

o. Click [image: image3.png]


 to start data collection. 

p. Holding the Force Sensor, slowly pull down until the lever is horizontal. 

q. While holding the lever steady, have someone in the group click [image: image4.png]


. This will record the force you had to apply to lift the book. 

r. Enter 10 to indicate the 10 cm effort arm. Be sure the person pulling the Force Sensor down notices how it feels to pull down and write this observation on the Observations Sheet below: 

	Observations Sheet  Fulcrum at 20 cm



	10 cm effort arm

	20 cm effort arm

	30 cm effort arm

	40 cm effort arm

	50 cm effort arm



9.
Collect more data.

s. Reposition the book so the edge is at the 5 cm mark and make sure the fulcrum is in the right place. 

t. Move the string out to the 40 cm mark. 

u. Now pull down on the Force Sensor to lift the book. When the lever is horizontal, click [image: image5.png]


, and enter 20 for the length of the effort arm. 

v. Record your observations about how much effort it took to pull the lever down. 


10.
Repeat Step 9, moving the string 10 cm each time, until you reach the 70 cm mark. Each time you move the string, enter the new effort arm length and record your observations. 


11.
When you are done collecting data, click [image: image6.png]


 to end data collection and then the Store button, [image: image7.png]


, to store your data.


12.
When you have stored your data, click the Examine button, [image: image8.png]


, and record the applied force for each of the effort arm distances in Table 1, below. When you are done, close the Examine box by clicking the X in the corner of the box.

	Table 1  Fulcrum at 20 cm

	Position of Force Sensor
	Effort arm length
	Applied force

	30 cm
	10 cm
	N

	40 cm
	20 cm
	N

	50 cm
	30 cm
	N

	60 cm
	40 cm
	N

	70 cm
	50 cm
	N


Part II  Lever with Fulcrum at 30 cm


13.
Move the meter stick so the fulcrum is at the 30 cm point. In this position, the resistance arm is 30 cm. Keep the book in the same position as before. 

Key Question
How will having a longer resistance arm affect how hard you must pull to pick up the book?

Prediction

Click on the Prediction button, [image: image9.png]


, and draw what you think will happen now that the fulcrum is at 30 cm.


14.
Collect data.

w. Click [image: image10.png]


 to start data collection. 

x. Move the string and Force Sensor to the 40 cm mark.

y. Holding the Force Sensor, slowly pull down on the sensor until the lever is horizontal. 

z. While holding the lever steady, click [image: image11.png]


. This will record the force you had to apply to lift the book. 

aa. Enter 10 to indicate the 10 cm effort arm. 

15.
Collect more data.

ab. Make sure the edge of the book is at 5 cm and that the fulcrum hasn’t moved. 

ac. Move the string out to the 50 cm mark. 

ad. Now pull down on the Force Sensor to move the lever. When the lever is horizontal, click [image: image12.png]


, and enter 20 for the length of the effort arm. 

ae. Record your observations about how much effort it took to pull the lever down 


16.
Repeat Step 15, moving the string 10 cm each time, until you reach the 80 cm mark. Each time you move the string, enter the new effort arm length and write down your observations. 


17.
When you are done collecting data, click [image: image13.png]


 to end data collection and then the Store button, [image: image14.png]


, to save your data.


18.
When you have saved your data, click the Examine button, [image: image15.png]


. The Examine box will appear and will show you the values of the force for the data you collected. Find the data for this run (the numbers will be the same color as the line) and record the applied force for each of the effort arm lengths in Table 2, below. 

	Table 2  Fulcrum at 30 cm

	Position of Force Sensor
	Effort arm length
	Applied force

	40 cm
	10 cm
	N

	50 cm
	20 cm
	N

	60 cm
	30 cm
	N

	70 cm
	40 cm
	N

	80 cm
	50 cm
	N


ANALYZE YOUR DATA


1.
What did you notice about how hard you had to pull as the effort arm became longer and longer? 


2.
How did your prediction match what happened when the resistance arm moved from the 20 cm mark to 30 cm?

3.
Do you think it would be possible to make a lever that would allow you to be able to pick up a car? Describe the effort arm and resistance arm you might need to do it.

4.
Go back to the introduction and look at the quote by Archimedes. How did Archimedes feel about the amount of help this simple machine could offer humans? 


Good job!!
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