PH1111 C08, Lab 5

Impulse
The primary objectives of this laboratory are i) to experimentally determine the functional dependence of impulse on mass, height, and coefficient of restitution, and ii) to compare experimental and predicted results.
The secondary objective is to learn more about presenting data in different types of plots, depending on whether the data follow a power law or not.
Equipment:
Force plate


Equipment stand



Five bags of sand of different masses



Balls of different coefficients of restitution



Meter-stick



Mass balance

Software:
PH1111-Lab5-Impulse.doc (this file)
PH1111-Lab5-Impulse.cmbl
PH1111-Lab5-Impulse.xls

PH1111-LabReportTemplate.doc

Procedure:  
In your lab report, you will derive the following scalar equations:

Jp = mb √ [2g(yi + yf)]b ,
NI = Jp/√ (2gyi)b = 1 + CORb, 

where Jp is the impulse felt by the force plate due to the sand bag or ball, mb is mass of the bag or ball, g is the magnitude of gravitational acceleration in Worcester, yi is the initial height of the bag or ball, yf is the final maximum height of the object after bouncing, NJ is the normalized impulse, and CORb is the coefficient of restitution of a ball, defined as its velocity immediately after impact divided by its velocity immediately before impact.

· There are three data sets to be collected: i) impulse as a function of mass with five different sand bags, ii) impulse as a function of drop height (yi) with one sand bag, and iii) impulse as a function of coefficient of restitution (COR), with the balls. In all cases, you should position the force plate below the horizontal bar on the equipment stand. Adjust the height of the bar to use it as a reference for your drop height. 

· Furthermore, in all cases, you will use the PH1111-Lab5-Impulse.cmbl file to determine the impulse. First, place the bag or ball on the force plate. You will see how the value of Newtons in the lower left corner changes. Zero the force plate by clicking on the Zero function, to the left of the green data collection button on the upper tool bar. The lower left value should now read approximately 0 N.
· Push the space bar to start a five-second data collection. Drop the object from the measured height, and zoom in on the spike in force. The first positive peak is the F(t) of the object on the force plate. Use the integration function to determine the impulse. Save one of your annotated plots for use in your lab report.

· In the PH1111-Lab5-Impulse.xls file, enter your data into the yellow cells. The impulse values come from the integration of the F(t) data, the heights from the meter-stick, and the masses from a mass balance. The values in the green cells are the slopes and their standard deviations. 
Observe that two of the data sets were displayed on a log-log plot, and one as a function of the variable of interest (COR). As we saw in Lab 1, a log-log plot reveals the functional dependence of a power-law relationship, for example, f(a,b,c) = arbsct becomes log f(a,b,c) = r log a + s log b + t log c. In this lab, because the sand bags do not rebound (yf = 0), the first equation is a power law, and the dependence of impulse on mass and height can be shown on a log-log plot.
In contrast, the second equation above is not a power law. A log-log plot of a function of the form f(x) = 1 + x does not yield a convenient straight line. Hence, if you predict that the data might be a linear function of a particular variable, and you plot the data as a linear function of that variable, and it does turn out to be a straight line, then your prediction was correct. 
Save your spreadsheet and one example of an annotated impulse plot on your server spaces or memory sticks, or email them to yourselves so that you can write your lab reports. In your lab reports, derive the equations above, starting with free-body diagrams of the impulses on a rebounding ball and the force plate. Include one impulse plot, and the table and plots from the spreadsheet. Report your slopes and standard deviations with the appropriate number of significant digits. Are your results consistent with the equations, to within experimental error? If not, give possible reasons for the discrepancies.
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