PHYS 401
Materials Lab 1: tension MA
UNH Fall 2008

Goals:

· Construct a model of how an object responds to a tensile (pulling) force

· Familiarize your group with the equipment

· Make informed predictions based on observation

· Use equipment to gather data about force and response

· Discuss different representations of data gathered

· Describe coherent model for interpreting or constructing representations

Materials and Setup:


You will be modeling how different objects respond to forces, by measuring how the objects change when you apply a known tensile (pulling) force to them.


Your group has one string, or rubber band hanging from a metal stand whose response you will examine.  You also have a range of masses available and meter sticks to measure how much your object changes when you apply a force.


Before you begin, you need to do some preliminary, qualitative experimentation to familiarize yourself with the experimental setup.  Take a minute to safely explore the experimental setup, focus on what you observe when you hang mass off the object?  Discuss with your group each of these preliminary questions and record the answers in your answer sheet.


0 a. What can you measure in this experiment?


0 b. Which of these do you control (independent)?


0 c. How does the object respond to your control, and which responses (dependent) are easily measured?


0 d. What is your prediction about how the dependent measurements will correspond to the independent?  Make a loose sketch of this prediction with labeled axes.


Now that you've focused on what you're going to explore there are a couple of details that you need to explore before conducting your experiment.


1 a. Draw a sketch of your object as it hangs without any mass on it.


1 b. Hang a small mass from your object and draw another sketch.


1 c. What changed about the object when you went from no mass to a small mass?


This effect is called pre-loading your object, getting the object to be taught, but not stretched.  


1 d. Determine the largest amount of mass that keeps your object in this initial taught state, record the relevant measurements.


This is important because it makes it such that the entire experiment is done with your object aligned the same way.  Otherwise, your initial data (when you first add weight) will be way out of whack with the rest of the response.  Discuss with your group about how this might affect your procedure for measuring and recording response to subsequent added weight.


You have a range of mass available; which ones will exert forces that give you useful responses depends on the object you’re testing (for comparison, you need a much greater force to compress a bedspring than to shorten the spring inside a retractable ballpoint pen).  Take a minute with your group to explore the range of response your setup can give you, be careful not to break anything.


2. Choose a range of mass to apply, be sure to explore either at least an order of magnitude (factor of 10) or the safest range of your setup, pick 5 to 10 masses to measure the response of your object to.

Generating and Interpreting Representations:



Now that you've worked through the preparation it is time to start taking data and making sense of the representations you can construct from the data.


3. Applying forces and measuring response.  Begin with the smallest weight in the range you plan to measure, and work up to the largest.  For each weight, go through all of these steps:


a. measure and record the starting position (length) of your pre-loaded test object


b. add the mass to the pre-loaded object


c. measure and record the response


d. remove the mass so that the object is pre-loaded, and observe whether the response is reversible: that is, does the object return to its starting position, or not?


4. Plot your data in Graphical Analysis by looking at the response of the object vs. the load you applied (y vs. x).  


a. Sketch the plot in your answer sheet, remember to record labels and simple details of the plot's shape.


b. Give a one-sentence verbal description of the response to force that is shown in your plot.  Is the response consistent across the full range of forces you tested?  (If not, describe how it differs across the range.)


c. Discuss with your group whether or not your plot has a linear region to it, apply a linear fit to your data where it seems reasonable, and record the equation next to your sketch, remember to use the physical variables you measured.


d. Discuss with your group what this equation represents in terms of the experiment, and write down your verbal interpretation of this equation.


e. If your object ever didn't return to its pre-loaded state record on the plot where this occurred.

Discussion: Let your TA know that you have reached this point and prepare to discuss your results so far by going back through your representations and talking about what they mean.


From the discussion you should have some thoughts on comparing your experimental model with that of another group that worked with the same type of object or material.


5 a. What are the differences between your test objects (if any)?


5 b. What are the differences between your procedures (if any)?


5 c. What are the differences between your current models (if any)?


5 d. Give a one sentence explanation of why your results are different than other groups.


We can make our data comparable if we mathematically re-scale, our objects responses to their original, pre-loaded, state.  In today's experiment we will do this by examining the ratio of how much the object stretched to its pre-loaded length.  This can be written as (L - L0)/ L0., where L0 is the pre-loaded length of your object, we will refer to this variable as “strain.”


In a similar move let's also calculate the force due to the masses we've been applying and build our model in terms of the applied force, or “load”, in this case the weight of the mass, W = mg.


Use Graphical Analysis to create new columns of data that contain strain and force by adding two new “calculated columns” to your data set and filling in the appropriate formulas.


Now plot strain against the applied weight (or load) by clicking on the graphs axes and selecting the appropriate columns to plot; Again fit a line to the linear part of your plot.  


6 a. Sketch the plot in your answer sheet, remember to record labels and simple details of the plot's shape.


6 b. Give a one-sentence verbal description of the response to force that is shown in your plot.  Is the response consistent across the full range of forces you tested?  (If not, describe how it differs across the range.)


6 c. Discuss with your group whether or not your plot has a linear region to it, apply a linear fit to your data where it seems reasonable, and record the equation next to your sketch, remember to use the physical variables you measured.


6 d. Discuss with your group what this equation represents in terms of the object, and write down your verbal interpretation of this equation.

Discussion: Let your TA know that you have reached this point and prepare to discuss your new model.  While you wait discuss with your group the difference between your original model in 4 to your new model in 6; Your first model was a direct representation of the experiment, but your second model is more general, see if you can explain why.


7. Summarize in two sentences what you're group discovered about the relationship between load and strain in the objects you investigated through today's lab.  Did anything surprise your group?
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