An Inclined Plane








An inclined plane is a slanted surface used to raise objects. The sloping floor of a theater, a road over a mountain, and a ramp into a building are examples of inclined planes. In this experiment, you will use a force sensor to measure the force needed to lift an object and the force needed to pull the same object up an inclined plane. You will then calculate and compare work done in raising the object to the same height by lifting it and pulling it up an inclined plane.








OBJECTIVES





In this experiment, you will





¥	use a TI Graphing Calculator, a CBL System, and a force sensor to measure force


¥	compare forces


¥	calculate work and efficiency


¥	make conclusions using the results of the experiment








MATERIALS





CBL System�
wooden block with a hook�
�
TI Graphing Calculator�
books�
�
Vernier Force Sensor�
metric ruler�
�
Vernier adapter cable�
paper clip�
�
smooth board (at least 0.5 m long)�
�
�



� EMBED Visio.Drawing.4  ���





Figure 1: Using the Dual-Range Force Sensor








PROCEDURE





Using an Inclined Plane





1.	Set up a stack of books as shown in Figure 1 and 2.





2.	Get a board and set up an inclined plane as shown in Figure 1 and 2. Measure the length of the board (in meters) and record this value in the Data Table. Measure and record the height of the inclined plane (in meters).


� EMBED Word.Picture.6  ���





Figure 2: Using the Student Force Sensor 





3.	Get a wooden block with a hook on one end. Partly straighten a paper clipÑleaving a hook at each end. Use the paper clip to attach the wooden block to your force sensor.





4.	Prepare the force sensor for data collection.





¥	Plug the Dual-Range Force Sensor (see Figure 1) or Student Force Sensor (see Figure 2) into the adapter cable in Channel 1 of the CBL System.


¥	If you are using a Dual-Range Force Sensor, there is a force range switch on the probe body; set the switch to the lowest setting (5 N on some versions, 10 N on other versions). 


¥	Connect the CBL System to the TI Graphing Calculator with the link cable using the port on the bottom edge of each unit. Firmly press in the cable ends.





5.	Turn on the CBL unit and the calculator. Press � EMBED Word.Picture.6  ��� and select PHYSCI. Press � EMBED Word.Picture.6  ���, then press � EMBED Word.Picture.6  ��� again to go to the MAIN MENU.





6.	Set up the calculator and CBL for a force sensor and a force calibration.





¥	Select SET UP PROBES from the MAIN MENU.


¥	Enter Ò1Ó as the number of probes.


¥	Select FORCE from the SELECT PROBE menu.


¥	Enter Ò1Ó as the channel number.


¥	Select USE STORED from the CALIBRATION menu.


¥	Select DUAL-RANGE or STUDENT FORCE from the FORCE PROBE menu.


¥	If you are using a Dual-Range Force Sensor, select DUAL-RANGE 5N or DUAL-RANGE 10N from the FORCE PROBE menuÑyour selection should match the switch setting on your Dual-Range Force Sensor.





7.	Set up the calculator and CBL for data collection.





¥	Select COLLECT DATA from the MAIN MENU.


¥	Select TIME GRAPH from the DATA COLLECTION menu.


¥	Enter Ò0.1Ó as the time between samples, in seconds.


¥	Enter Ò30Ó as the number of samples (the CBL will collect data for a total of 3.00 seconds).


¥	Press � EMBED Word.Picture.6  ���, then select USE TIME SETUP.


¥	Enter Ò0Ó as the minimum force (Ymin).


¥	Enter Ò1Ó as the maximum force (Ymax).


¥	Enter Ò0.1Ó as the force increment (Yscl).





8.	Slowly pull the wooden block up the inclined plane. The force sensor should be held parallel to, and about 2 cm above, the surface of the inclined plane, as shown in Figure 1 and 2. Once the wooden block is moving at a steady rate, press � EMBED Word.Picture.6  ��� to begin data collection. Continue pulling the wooden block until data collection is complete (3.0 seconds).





9.	Determine the mean (average) force (in N) to pull the block up the inclined plane.





¥	Press � EMBED Word.Picture.6  ���, then press � EMBED Word.Picture.6  ��� again.


¥	Select NO when asked if you want to repeat.


¥	Select QUIT from the MAIN MENU.


¥	Press � EMBED Word.Picture.6  ��� [LIST] � EMBED Word.Picture.6  ��� to display the MATH menu.


¥	Select Òmean(Ó and then press � EMBED Word.Picture.6  ��� [L 2]  � EMBED Word.Picture.6  ���.


¥	The mean force (in N) is displayed. Record this value in your Data Table.








Without an Inclined Plane





	10.	Now determine the force needed to lift the wooden block.





¥	Press � EMBED Word.Picture.6  ��� and select PHYSCI. Press � EMBED Word.Picture.6  ���, then press � EMBED Word.Picture.6  ��� again to go to the MAIN MENU.


¥	Repeat Step 7.


¥	Repeat Step 8 as you slowly lift the block the same height as the inclined plane.


¥	Repeat Step 9 and record the value of the force (in N) needed to lift the wooden block.








DATA TABLE





	Length of inclined plane 	__________ m


	Height of inclined plane 	__________ m


	Force (average) to pull the block up the inclined plane 	__________ N


	Force (average) to lift the block 	__________ N








PROCESSING THE DATA





1.	Does it take more or less force to move the block using the inclined plane? Explain.

















2.	A formula for calculating work is





W = F X d





where W = work (in N¥m), F = force (in N), and d = distance (in m). Use this formula to calculate work done using the inclined plane. Here, F = the average force needed to pull the block up the inclined plane and d = the length of the inclined plane.

















3.	Calculate work done in lifting the block. Here, F = the average force needed to lift the block and d = the height of the inclined plane.


























4.	Does it take more or less work to move the block using the inclined plane?


























5.	A formula for calculating the efficiency of a machine is





efficiency =  � EQ \F(work output,work input)  �X 100





Use this formula to calculate the efficiency of the inclined plane. Here, work output = the work done lifting the block, and work input = the work done pulling the block up the inclined plane.





























6.	What causes the difference between the work needed to pull the block up the inclined plane and the work to lift it to the same height? Discuss ways to decrease this difference.





























EXTENSIONS





1.	Study how changing the inclined plane slope changes force.





2.	Design an experiment to study your answer to Question 6.





3.	Determine the mechanical advantage of the inclined plane.
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