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TITLE:
Torsion Oscillator and Pendulum
OBJECTIVE:
I.
To test the equation for the period of a torsion oscillator by using it to calculate the rotational inertia of a uniform plate and hollow cylinder .

II.
To determine empirically and theoretically the relationship between the period and the diameter of a thin ring physical pendulum.

THEORY:

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Disk:   Icm = ½ MR2



Hollow Cylinder:  Icm = ½ M(Ri2 + Ro2)



Thin Ring:    Icm = MR2
EXPERIMENTAL TECHNIQUES AND DATA:
PART I:
Torsion Oscillator 

A.
In this section, you will take the data necessary to determine the torsion constant of the torsion rod from the slope of a graph of the restoring torque of the rod as a function of twist angle.

In your data table, describe the rod used (i.e. thin steel, thick steel, or brass).  Load the torsion apparatus mass hanger with 500 grams. Now zero the scale on the apparatus to 0º. The apparatus is treated now as having a hanging mass of zero grams. Place mass increments of 200 grams on the mass hanger and record the twist angle θ in your data table. Continue this for mass increments of 200 grams. The radius r of the wheel is 0.075 m.  The graph may be plotted as “load in Nm as a function of twist angle in radians”.  The slope of this graph will be the torsion constant in units of Nm/rad.
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B. Construction of the Torsion Oscillator: Carefully remove the rod from the torsion apparatus ( being careful not to bend the rod) and mount it to the bottom of the heavy steel plate. Attach the other end of the rod to the wall bracket so that your torsion oscillator is free to rotate. Set the system into oscillation and determine the average period of vibrations for the plate attached to the torsion rod by measuring the time for 20 cycles of oscillation and dividing that by 20. Carefully remove the rod from the wall bracket and set the hollow cylinder over the rod so that it rests on the metal plate concentric with the torsion rod. Now the plate and hollow cylinder together have a common axis of rotation.

C. Record the mass of the plate and hollow cylinder  as engraved on them, and measure their respective diameters to determine their radii.


Mass of plate =                        

           Diameter of plate = _____________________________      


Mass of hollow cylinder =                        

Outer diameter of hollow cylinder  =  _______________                     








Inner diameter of hollow cylinder  =  _______________                     
A.  Data Table
	m(kg)
	F(N) = mg
	 (Nm) = mgr
	θ (degrees)
	θ (radians)

	0
	0
	0
	0
	0

	0.2
	
	
	
	

	0.4
	
	
	
	

	0.6
	
	
	
	

	0.8
	
	
	
	

	1.0
	
	
	
	


B.
	
Plate Only
	
Plate and Hollow Cylinder

	
# Vibrations
	
Time (s)
	
T1 = Period (s)
	
# Vibrations
	
Time (s)
	T2 =
Period (s)

	
20
	
	
	
20
	
	


ANALYSIS:
PART I.
Torsion Oscillator

A.
Calculate the slope of the plot of torque as a function of twist and determine the torsion constant of the rod.  Show this work on the graph, including the proper units, and transfer the results here:

rod description:                             

torsion constant =                       Nm/rad    
B.
Calculate the rotational inertia of the plate, of the system (hollow cylinder + plate) and of the

hollow cylinder , using the rotational analog of the equation for the period of SHM, 
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Since the plate and hollow cylinder  have the same axis of rotation, ISYS = Iplate + Ihollow cylinder.  

           IPlate = 
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IPlate + Hollow cylinder  = 
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C.
Calculate the rotational inertia of the plate and the hollow cylinder from their respective physical measurements and compare with the values calculated from the oscillation measurements to find the % difference between the two methods.
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EXPERIMENTAL TECHNIQUES, DATA AND ANALYSIS:
PART II:
The Ring Pendulum
A.
Determine the average diameter of each ring pendulum by measuring the outside and inside diameters.  The ring will be treated as a thin hoop for purposes of analysis.

B.
Determine the average period of each ring pendulum by measuring the times required for 20 vibrations.  Record raw data.

	   Dinner (cm)
	   Douter (cm)
	  DAVE (cm)
	# VIBS

	Time (s)

	PERIOD          (s)

	
	
	
	20
	
	

	
	
	
	20
	
	

	
	
	
	20
	
	

	
	
	
	20
	
	

	
	
	
	20
	
	

	
	
	
	
	
	


C.
Plot the period of the ring pendulums as a function of their diameters on log-log paper.  Write the equation of the plot, T = f(d), using the appropriate constants determined from the plot and proper units.
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D. Use your value of C to calculate an experimental value of the acceleration due to gravity ‘g’ and 
compare it with the accepted value of 9.81 m/s2.

(*Note:  C = 
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E.
Apply the physical pendulum equation to a ring pivoted on its edge to derive the equation for the period of a ring pendulum for small oscillations about the pivot point. Include a diagram showing the restoring torque acting on a ring pendulum displaced from equilibrium.  Note that the rotational inertia for the ring about its support can be found by the parallel axis theorem.  

Conclusion and summary of results:
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