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Center of Mass of a Thin Plate
Background:  The motivation behind this experiment is to understand spline interpolation and integration to find the center of mass of a thin plate of arbitrary shape.
What you will do in the lab: Choose one of the shapes available. Suspend the shape from a location near an edge and drop a plumb line (Figure 1). Mark the shape with the provided marker along the plumb line. Next suspend the shape from another location not too close to the first. Drop the plumb line again and mark along the line. The intersection of the two lines is the experimental center of mass of the shape. Record the location of the center of mass. Measure the length and height of the shape at appropriate increments and record the data on your data sheet. Write down the shape name on your data sheet.
Exercises to do (counts as 50 points):

First, follow the sample project guidelines.

Use MATLAB to solve Problems (3) through (7).  Use comments, display commands and fprintf statements, sensible variable names and units to explain your work.  Staple all the work in the following sequence.  Use the USCS system of units throughout.
1. Signed, typed affidavit sheet.

2. On engineering paper, attach the original data sheet on which you collected the data in class.

3. Find the spline interpolant that curve fits the length vs. height data.  Just show the work in the M-file.  No command window output is needed here except a disp statement stating what you did in this part.
4. Show the individual points and the spline interpolant of the length vs. height data on a single plot.

5. Calculate the center of mass based on Equations (1) through (11).

6. Compare the results from Problem (5) via absolute relative true error with what you measured in the lab.
7. In 100-200 words, type out your conclusions using a word processor.  Any formulas should be shown using an equation editor.  Any sketches need to be drawn using a drawing software such as Word Drawing.  Any plots can be imported from MATLAB.
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	Figure 1  Finding the center of mass of an arbitrary shape.


Hint: The center of mass or centroid of a thin plate of uniform density can be found using integration. Supposing the plate is bound by the area between two curves, 
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, then the coordinates of the center of mass can be calculated as follows.
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	Figure 2   Graph of centroid for the surface area of an object, such as a thin plate.


The mass of the plate 
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 is equal to the density of the plate 
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A differential element of thickness 
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 is shown in Figure 2 with the centroid of the element located at the point 
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The differential element intersects the curves at the arbitrary points 
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The distances from the center of the differential element to the 
[image: image24.wmf]axis

-

x

 and 
[image: image25.wmf]axis

-

y

are respectively given by

[image: image26.wmf](

)

1

1

2

1

~

g

f

y

-

=












[image: image27.wmf](

)

)

(

)

(

2

1

    

x

g

x

f

-

=









       (6)


[image: image28.wmf]x

x

=

~











       (7)
Combining Equations (1) – (7) and simplifying, we have
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The location of the center of mass 
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