Vectors

Introduction: As we have discussed in class vectors (arrows) add with one another just like successive straight-line displacements. In this lab you will consider the addition of several vectors and compare your results with what might be expected from trigonometry and geometry. You will also consider the vector nature of force. 
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Part 1: Displacement Vectors 

1) On the floor make two displacements each at right angles to one another 

and each several feet long. For example, you might walk 4 ft. north and 

then 6 ft. east (see the figure). By measuring from where you started to 

where you ended up determine your net displacement. Be sure to specify how 

far and which way! To measure angles use a protractor. 
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2) In the space below make a vector diagram representing the displacements that you made on the floor. Make sure to draw your vectors to scale, for example, you may decide on the convention that 1in. corresponds to 1ft. Is the length and direction of the vector representing your net displacement on the paper consistent with that which you found on the floor? Can you explain why this is the case?

Comments/explanation:

3) Using the Pythagorean theorem and the lengths of your two successive floor displacements calculate the magnitude that your net displacement should have. How does this compare with that which you measured both on the floor and your sheet of paper?
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Comments: 

4) The tangent of an angle is defined as the ratio between the sides opposite 

and adjacent to the angle. For example in the figure tan( = a/b. Determine 

the tangent of one of the angles of your displacement triangle on the floor 

and sheet of paper. Using a calculator and the actual value of the angle (as 

determined using a protractor) find the  numerical value of for the tangent.


Your results for the floor and paper should be similar can you explain why? 

Part 2: Forces

A force corresponds to one’s intuitive notion of a push or pull. For you to exert a force on something you necessarily must make contact with it. 

1) Is force characterized by a scalar or vector? Justify your answer!

2) A cord or rubber band can exert a force on an object. In such case one can speak of a tension in the cord. In the figure below a block is suspended from the ceiling by a cord. What two objects does the string exert a force on and what direction are these forces?


3) Consider a tug of war between two students. Each person pulls on a rope that is connected to a bag as shown. Sketch the two forces acting on the bag due to each cord. If the bag remains at rest how are the magnitudes and directions of these forces related? Check your result by performing a mini-tug of war with two force probes attached to a ring. 






4) Now consider a tug of war involving three people as shown in the figure (top view). If the bag remains at rest what must be true of the three forces. Hint: What is the total force acting on the bag if it is to remain at rest?


5) In the above figure is it necessary for the forces to have the same magnitudes? Explain. 

6) Using a force table at the front of the room set up a mini tug of war involving three forces. Determine the angle between each of the forces and the magnitude of each force – situate the forces so that all the angles between the forces are different. Record the values of the forces using the markings on the force probes. Also attempt to estimate of your error on the force and angle measurements. In the space below draw an accurate (arrow lengths and angles) representation of the three forces acting on the ring.

7) In the space provided below using the forces of part (6) find the total force acting on the ring. Take care to get the magnitudes and angles of the forces right. Use a ruler and protractor! Make sure to give your result as a force that has both a magnitude and direction. 

8) In an ideal situation what value would you expect the total force to have? Explain your answer.

9) Your experimental findings for the total force quit likely are different from the expected answer. Can you explain why and also determine a means for estimating the % error between your result and the theoretical (expected) result? How does this compare with the errors you found in part (6)?
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