Physics I [Physics 161]
Laboratory Activity 6: Conservation of Energy and Circular Motion

In this activity, you will use a force sensor to measure the tension in a pendulum string as it swings. The set-up is depicted below, along with some variables relevant to the problem:
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The goal of the activity is to examine how the initial release height (y) influences the tension in the string at its lowest point.


Experimental Section

(1) You must first make sure that your force sensor is zeroed properly. With nothing attached to the sensor, start the Data Studio software. The software should detect the sensor automatically and bring up a table showing the force as a function of time.
(2) Start taking data by hitting the ‘Start’ button. You should see a line being drawn (close to zero). While the line is being drawn, hit the ‘zero’ button on the force sensor. The line should now be right on the horizontal axis (if it wasn’t there already). After zeroing the sensor, stop taking data and remove the data displayed.
(3) Now attach your pendulum, and let it hang vertically. While it is at rest, measure the variables H and L depicted in the diagram above. When you measure these, measure to the center of your pendulum mass.

H = ___________________ ± _________

L = ___________________ ± _________

(4) After measuring the values above, start the software and measure the tension in the pendulum string when the mass is at rest. Record this below.
Trest = ______________ ± _________

(5) Now restart the software, displace the pendulum by approximately 45°, and let it swing. Sketch below the tension in the string as a function of time.

(6) Provide a qualitative explanation for the behavior you are seeing.

(7) We now wish to determine the release height (y) that will cause the tension at the bottom of the arc to be double what it was with the pendulum at rest (Trest). You will need to make several measurements here to get a reliable result.
(8) Once you have a good value for y, use your trigonometric magic to determine the starting angle θdoub that causes the tension at the bottom to be double its rest value.

θdoub  = ________________ ± ___________
Theory Section
(1) Using the variables defined above, determine the speed of the pendulum mass at the bottom of its arc as a function of its initial release angle, θ. This might be a good time to dust off conservation of energy…

(2)  Set up a free-body diagram for the mass at its lowest point. Use the fact that the mass is in circular motion to determine T at the lowest point as a function of θ.
(3) Use your expression from part (2) to determine θdoub (as defined above). How does your prediction compare with your experimental result?

(4) Suppose that your pendulum was released with the string perfectly horizontal. By what factor would the tension in the string at its lowest point be enhanced relative to its resting value Trest?
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