
The Addition of Vectors

In this experiment a force table is used to demonstrate experimentally that forces add up as vectors; that is, both the magnitude and the direction of a force must be considered when forces act on an object.  

Theory

According to Newton's First Law of Motion, a particle is considered to be in static equilibrium when the vector sum of all the forces acting on the particle equals zero:
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This is referred to as the First Condition of Equilibrium.  A stationary particle is the most obvious example of this condition.  In two dimensions, (1) can be expressed as

That is, the sum of all the x-components of the forces must add up to zero, and the sum of all the y-components of the forces must add up to zero.  The uncertainties for each measurement add up in the same manner.

Apparatus
· force table and accessories (clamp pulleys, centering pin, and ring with strings attached)

· four spring scales with similar ranges, uncertainty varies with scales

Procedure
1) Make sure the scales are zeroed. Study the scale divisions and determine the instrumental uncertainty of the scale.

2) Place each pulley in a different quadrant of the force table, but make sure that they are not at right angles to each other.

3) Place the ring over the centering pin and pass four strings over the pulleys

4) Attach a scale to each of the four strings.

5) Have members of the group pull horizontally on the scales using the pulleys as direction guides only. It is very important that there be no forces on the pulley and that the limit of the scales is not exceeded!

6) One member of the group should be designated as the “watcher” who makes sure that all those pulling are doing a good job and that the ring remains centered on the pin.

7) When a good example of static equilibrium is achieved. Write down the value of the forces and their directions in a neat data table. Be sure to get the data table signed by your teacher before leaving. 

8) Make a reasonable estimate of the uncertainty in your measurements. Use the smallest divisions in the spring scales (instrument error) as a guide but also think about the difficulty in holding the scale steady as an additional source of error (human error). Have a discussion about this with your group and make sure you all agree on the number of significant digits to be recorded and the uncertainties. It is safe to assume that the error in the angles is small (because you set the pulleys in place) and can be neglected in this experiment.

9) Below your date table, draw and label the vectors in an x-y coordinate system.

Calculations and Analysis
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1)
Calculate the components (Fx & Fy) for each force and the uncertainties (Fx and Fy) for each component.

2) Calculate the net sum of the x-components and the net sum of the y-components. Also add the uncertainties for the x-direction and for the y-direction. Note that some of the components are negative and are subtracted, but uncertainties can only add up since you must allow for the worst possible case.  
3) Write these values in a neat results table with the calculated uncertainties for each and the appropriate number of significant digits.
4) Also, using a ruler and protractor, add the four vectors by the “head-to-tail” method. Make sure to indicate the scale of your drawing and to label the vectors. 
Conclusions and Questions

1. Was the experiment successful? That is, within the range of uncertainty, does the sum of the forces add up to zero? Justify your answer.

2. The “head-to-tail” figure drawn in (4) should approximate a closed figure (you should know why) to the level of accuracy of the allowed uncertainty. Does it?  Explain. 

3. Why is it important that no forces be put on the pulley?  Do you see evidence of this type of systematic error in your result? Explain.

4. Explain why you should try to measure the largest possible forces without exceeding the limit of the scale.



[Use template provided in the following pages for your lab report.]

Name:


Partner(s):

Title:  VECTOR ADDITION EXERCISE









Purpose: 

Outline of the theory:  

Illustration of Apparatus and Summary of Procedure:

Data:














	
	Force 1 (N)
	Force 2 (N)
	Force 3 (N)
	Force 4 (N)

	
	   F1  +  F1
	   F2   +   F2
	   F3    +  F3
	    F4    +  F4

	Magnitude
	
	
	
	

	Direction
	
	
	
	


Calculations:




	Components
	     Force 1
	     Force 2
	      Force 3
	       Force 4

	   x ± x
	             +
	              +
	               +
	                +

	   y ± y
	             +
	              +
	               +
	                +


Results:

	Fx+ Fx
	Fy    +  Fy

	                 
	


Extension: Using a ruler and protractor, add the four vectors in this lab by the “head-to-tail” method of vector addition.  Make sure to clearly state the scale of your drawing and to label the forces. 

Conclusion: On a separate page answer the questions at the end of the lab instruction sheet. Make sure to express yourself clearly,  to justify your answers, and to answer questions fully.
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