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Force Vector Addition

EQUIPMENT NEEDED
•
PASCO Force Table
•
string

•
4 pulleys 
•
metric ruler

•
4 mass hangers
•
protractor

•
Assorted mass set
•
graph paper

[image: image1.wmf]PURPOSE

The purpose of this experiment is to examine vector addition using a force table.  You will use three methods: experimental, component, and graphical, to determine the force needed to balance two or three other forces. The Equilibrant Balances the Resultant
THEORY
Experimental Method
[image: image2.wmf]Two known forces are applied on the force table by hanging masses over pulleys positioned at certain angles.  A third unknown force is determined experimentally by finding the angle and mass necessary to balance the other two forces.  This third force is called the equilibrant (FE ) since it is the force which establishes equilibrium.  The equilibrant is not the same as the resultant (FR ).  The resultant is the addition of the two known forces.  While the equilibrant is equal in magnitude to the resultant, it is in the opposite direction because it balances the resultant.  Therefore, the equilibrant is the negative of the resultant.

Component Method
Sketching a free body diagram or FBD is critical to solving these problems. Two known forces are added together by first breaking each vector’s polar coordinates (r,ө) into it’s rectangular or x and y components using the simple right triangle trig equations, sine, cosine, and tangent.  The like components are added, x with x and y with y.  The resulting rectangular sums are converted back into polar coordinates.  The equilibrant is the same magnitude but opposite in direction to the resultant. 
sin  = opp/hyp
cos =adj/hyp
tan =opp/adj
a2 + b2 = c2
Graphical Method
[image: image3.wmf]Two known forces are added together by drawing them to scale using a ruler and protractor.  The second force (FB ) is drawn with its tail to the head of the first force (FA ).  The resultant (FR ) is drawn from the tail of FA to the head of FB.  Then the magnitude of the resultant can be measured directly from the diagram and converted to the proper force using the chosen scale.  The angle can also be measured using the protractor. 

Adding vectors head to tail

[image: image4.wmf]PROCEDURE

1. Remove the three legs from the clips on the bottom of the force table disk.

2. Screw the legs into the holes on the bottom of the disk.  Be careful to align them at the correct angle before twisting them into place.
3. Attach three pulleys to the rim of the disk.  If more than two forces are to be added, use the desired number plus one pulley for the equilibrant force.

4. Screw the center post up until it sticks up above the force table.  Place the ring over the post and tie one 35 cm long string to the ring for each pulley. (Note: The string must be tied loose enough so that it can slide around the ring and remain parallel to the top surface of the force table).

5. Place each string over a pulley and tie a mass hanger to it. (Note:  A string can be attached to the hanger by wrapping the string 4 or 5 times around the notch at the top of each mass hanger).If you are using a balance to find the masses, determine the mass of the hangers before you tie them to the strings.
[image: image5.wmf]During the procedure, take time to answer the following question(s) and make predictions as they occur.  The pencil the margin indicates a question/prediction.  Put your responses in the Student Response Section
Part I.  Experimental Method (Do the entire Experimental BEFORE doing the Component or Graphical Methods)  (Note: each force is caused by mass hanging over a pulley and is found using F=mg)  
CASE I, two known forces:
Force A due to 50 g at 0o AND Force B due to 100 g at 120o
· [image: image6.png]


On your data sheet, sketch a diagram of these forces acting on a point.  Sketch your “educated guess” as to where the equilibrant should be.  Also, estimate how much mass is required.  Record you guess angle and magnitude in the table. 
· Hang the following masses on two of the pulleys and clamp the pulleys at the given angles.  (Note: align pulleys so that notch on pulley matches the angle marks on the force table)
· By trial and error, find the angle for the third pulley and the mass which must be suspended from it that will balance the forces exerted on the strings by the other two masses.  The third force is the equilibrant (FB ) since it is the force which establishes equilibrium.  Record in the data table the mass and angle required for the third pulley to put the system into equilibrium.  Now determine the Resultant and record this vector in your data table.
· [image: image7.png]


Is there another combination of mass, angle that could return balance to these forces?  If so, try it.
Repeat the above procedure including all predictions, sketches and calculations for the following given forces.  Record the data in the second data table:

CASE II, three known forces : FA due to 75 g at 0o ; FB due to 120 g at 30o ; FC due to 50 g at 110o 
Determining Equilibrium:

The ring should be centered over the post when the system is in equilibrium.  Screw the center post down so that it is flush with the top surface of the force table and no longer able to hold the ring in position.  Pull the ring slightly to one side and let it go.  Check to see that the ring returns to the center.  If not, adjust the mass and/or angle of the pulley until the ring always returns to the center when pulled slightly to one side.
Part 2.  Component Method
Once you have finished the Experimental Method for both problems, complete the Component Method for both problems.  Use a clean sheet of paper.  For each case:

· Sketch the Free Body Diagram. 
· Use the component method to solve for the resultant and then the equilibrant force.  Record both values in the data table. Remember that the equilibrant is equal in magnitude to the resultant, but in the opposite direction. 
Part 3.  Graphical Method
Once you have finished both the Experimental and Component Methods for both problems, use the graph paper provided to solve both problems using the Graphical Method.   If you choose your scale wisely, you may be able to do both problems on one sheet.  However, do not choose a scale so small that you cannot accurately measure the angles!  For each case:

Construct a tail-to-head diagram of the vectors of Force A and Force B.  Use a metric ruler and protractor to measure the magnitude and direction of the resultant.  You will need to determine an appropriate scale and label your axis with that scale.  Make sure you use a metric ruler. Record both the resultant and the equilibrant force in the data table (remember that the equilibrant is equal in magnitude to the resultant, but in the opposite direction). 
Follow up Questions:

For both CASE I, (two known forces) and CASE II, (three known forces):

1. How well did your “Educated Guess” match your Experimental values for the Equilibrant?

2. How do the equilibrant values for magnitude and direction from the two theoretical methods (component and graphical) compare to the experimental magnitude and direction found using the force table?  What are the percent errors for each?
3. What are some of the possible sources of Experimental Error?  Note: Human error is not an acceptable answer. 
4. Why was it important to know the mass of the hangers in the experimental phase?

5. Explain the relationship between force and mass. 
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Force Vector Addition
DATA TABLE

	
	Case I: 
	Case II:   


	
	FA due to 50g @ 0˚; FB due to 100g @ 120
	FA due to 75g @ 0˚; FB due to 120g @ 30˚; FC due to 50g @ 110˚

	
	Resultant
	Equilibrant
	Resultant
	Equilibrant

	Best Guess
	
	
	
	

	Experimental
	
	
	
	

	Component
	
	
	
	

	Graphical
	
	
	
	


Sketch for your Educated Guess:

Case I:







Case II:

[image: image8.emf]
Questions from the procedure:

Part 1:  For both Case I and II:

· Is there another combination of mass, angle that could return balance to these forces?  If so, try it.

Explain why or why not.

Part 2: The Component Method (attach your solution to both Case 1 and II)
Follow up Questions: For both CASE I, (two known forces) and CASE II, (three known forces)
1. How well did your “Educated Guess” match your Experimental values for the Equilibrant?

2. How do the equilibrant values for magnitude and direction from the two theoretical methods (component and graphical) compare to the experimental magnitude and direction found using the force table?  What are the percent errors for each?

Case I

Case II

3. What are some of the possible sources of Experimental Error?  Note: Human error is not an acceptable answer.
4. Why was it important to know the mass of the hangers in the experimental phase?

5. Explain the relationship between force and mass. 

Use this graph paper for the Graphical Method.  Duplicate as needed.
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