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AP Physics C – Working with vector operations
Part I – Polar and Unit Vector Notation

Purpose: To use unit vector and polar notation to calculate the magnitude and direction of a resultant force, called the equilibrant. 

Materials – Force table kit and known slotted masses, force table template
[image: image13.jpg]


Procedure

1) Assemble the force table kit as shown but do NOT attach any hanging masses yet. Place the PIN in the center of the board to hold the hanging masses in place.

2) Place a pulley on the 20º mark on the force table and suspend 100g over it.

3) Place a 2nd pulley at the 120º mark and suspend 200g over it.

Let vector “A” be the vector at 20º and let vector “B” be the vector at 120º.
Sketch both vectors on the polar graph below appropriately. Assume that the direction of each vector is AWAY from the center. Label each vector with it’s magnitude and direction.
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In the chart below, write vectors A and B in unit vector notation. Then calculate the RESULTANT of the 2 vectors in unit vector notation and sketch (with labels) on the graph above.

	A =
	

	B =
	

	R =
	


[image: image15.png]equilibrant




The equilibrant is a vector that is the exact same size as the resultant would be, but the equilibrant points in exactly the opposite direction.

In the chart below, write the RESULTANT of A and B in POLAR NOTATION as well as the equilibrant. 

	Resultant (A+B) =
	

	Equilibrant = 
	


Now sketch (with labels) the equilibrant on the polar graph on the front.

Procedure continued

4) Now hang the appropriate amount of mass on the force table as predicted by your equilibrant and remove the center peg.

	Explain your observations below in detail.




Part II – The Dot Product

Purpose: To use dot products to calculate the work done on a mass
Materials: Vernier dual range force sensor, Labpro, logger pro, 500 g mass.
In this part you will measure the work needed to lift an object straight upward at constant speed. The force you apply will balance the weight of the object, and so is constant. The work can be calculated using the displacement and the average force, and also by finding the area under the force vs. position graph.

1.
Connect the Motion Detector to DIG/SONIC 1 of the interface. Connect the Vernier Force Sensor to Channel 1 of the interface. Set the range switch to 10 N.

2.
Open the file “18a Work and Energy” from the Physics with Computers folder. Three graphs will appear on the screen: position vs. time, force vs. time, and force vs. position. Data will be collected for 5 s.

3.
You may choose to calibrate the Force Sensor, or you can skip this step. 

a. Choose Calibrate ( CH1: Dual Range Force from the Experiment menu. Click [image: image1.png]Calibrate Now




.

b. Remove all force from the Force Sensor. Enter a 0 (zero) in the Value 1 field. Hold the sensor vertically with the hook downward and wait for the reading shown for Reading 1 to stabilize. Click [image: image2.png]


. This defines the zero force condition. 

c. Hang the 500 g mass from the Force Sensor. This applies a force of 4.9 N. Enter 4.9 in the Value 2 field, and after the reading shown for Reading 2 is stable, click [image: image3.png]


. Click [image: image4.png]Done




 to close the calibration dialog. 

4.
Hold the Force Sensor with the hook pointing downward, but with no mass hanging from it. Click [image: image5.png]


, select only the Force Sensor from the list, and click [image: image6.png]OK




 to set the Force Sensor to zero. 

	5.
Hang a 500 g mass from the Force Sensor.

6.
Place the Motion Detector on the floor, away from table legs and other obstacles. Place a wire basket over it as protection from falling weights.

7.
Hold the Force Sensor and mass about 0.5 m above the Motion Detector. Click [image: image7.png]


 to begin data collection. Wait about 1.0 s after the clicking sound starts, and then slowly raise the Force Sensor and mass about 0.5 m straight upward. Then hold the sensor and mass still until the data collection stops at 5 s. 

8.
Examine the position vs. time and force vs. time graphs by clicking the Examine button, [image: image8.png]


. Identify when the weight started to move upward at a constant speed. Record this starting time and height in the data table.

9.
Examine the position vs. time and force vs. time graphs and identify when the weight stopped moving upward. Record this stopping time and height in the data table.
	[image: image9.wmf] 
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Figure 1





10.
Determine the average force exerted while you were lifting the mass. Do this by selecting the portion of the force vs. time graph corresponding to the time you were lifting (refer to the position graph to determine this time interval). Do not include the brief periods when the up motion was starting and stopping. Click the Statistics button, [image: image10.png]


, to calculate the average force. Record the value in your data table.


11.
On the force vs. position graph select the region corresponding to the upward motion of the weight. (Click and hold the mouse button at the starting position, then drag the mouse to the stopping position and release the button.) Click the Integrate button, [image: image11.png]


, to determine the area under the force vs. position curve during the lift. Record this area in the data table.

	
	Time (s)
	Position (m)

	Start Moving
	
	

	Stop Moving
	
	


	Average force(N)
	

	Integral (Area) (during lift): force vs. position (N•m)
	


Let vector “A” be the Average force and let vector “B” be the CHANGE in position. Write their respective vectors in the chart below in unit vector notation. Use the TI-89 to store each vector and calculate the dot product.

	A =
	

	B =
	

	Dot =

Product
	


Calculate the % difference between the dot product and the AREA under the line.
Part III – The Cross Product

Purpose: To use cross products to calculate whether a system is at static equilibrium using the TI-89.
Materials: Fulcrum balance, a meter stick, 3 knife edge clamps, known hooked masses


[image: image12.png]B





Procedure

1) Set up the equipment as shown in the figure above with one mass hanging to the left of the 50 cm position and one mass hanging to the right of the 50 cm position. Make sure a knife edge clamp is placed at the 50 cm position so that the meter stick can balance on the fulcrum support.
2) Position your chosen masses in such a way so that the system is balanced.
3) Focusing on just the right side, let vector “A” be the displacement the hooked mass is from the 50 cm position. Let vector “B” be the value of the hooked mass. Assume that the 50 cm position on the meter stick represents the ORIGIN.

In the chart below, write vector A & B in unit vector notation. Store each vector in the TI-89 appropriately then apply the cross product command. Record this result in unit vector notation. 

Right Side

	A =
	

	B =
	

	Cross =

Product
	


4) Repeat step 3 except focus on the LEFT side of the meter stick. Record the values in the chart below

Left Side

	A =
	

	B =
	

	Cross =

Product
	


Compare and contrast the magnitude and direction of the cross products. Explain in detail. 
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