Simple Harmonic Motion

Purpose: To investigate Hooke’s Law and the dynamics of simple oscillation.

Equipment: 2-Meter stick, Spring, Weight Hanger, 50 g Mass, (4) 100 g Masses, Large 0.5 kg Mass with large hanger, Vertical Rod on a Table-Edge Clamp, Pendulum/Spring Clamp, Pendulum Bob with long String, MBL Setup with Sonar Probe, Stopwatch.

Theory: 

In this lab you will work with a mass-spring system and a simple pendulum. In either case, you can set up the system in which the mass attached to the spring, or the string, remains in equilibrium. Any small displacement of the mass will cause the mass to be acted upon by a restoring force. In the case of the spring, this force is proportional to the displacement. This law is known as Hooke’s law and applies to many systems in which objects are displaced slightly from their equilibrium positions. You will first verify Hooke’s law for the spring.

Once an object is displaced, the restoring force will tend to bring the body back to equilibrium. However, in doing so, the body gains enough energy, that it overshoots the equilibrium position and continues in the opposite direction. Once again, the restoring force acts to slow it down and bring it back. If there is no damping in the system, then the system will continue to execute a periodic motion, overshooting the equilibrium position, slowed to a stop by the restoring force and then back through the equilibrium point, as so on. This motion is known as simple harmonic motion. In this lab you will investigate simple harmonic motion for a spring and a simple pendulum. The period of oscillation in each case is given by the formulae below.

Mass-Spring
Simple Pendulum
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Noting that the period of a simple pendulum depends on g, the acceleration due to gravity, we can design an experiment to determine g.  We will conclude the lab with such an experiment. Squaring both sides of the pendulum equation, we find that 
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 So, by plotting T2 vs L, we get a straight line with slope = 
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It is then a simple matter of solving for g and seeing if we get better values than we had in an earlier lab.

Instructions: 

1.  Place the spring on the spring hanger attached to the vertical rod and with its larger end pointing downward. Attach the two-meter stick next to the rod for measuring vertical displacements. 

2.  First you will verify Hooke’s law and obtain the spring constant. You will successively add masses to the spring and record the position of the bottom of the spring. For no mass, record the position. Then increase the mass by 100 g increments. Note: For 100 g you only need to use the hanger plus 50 g. 

3.  Fill in the rest of data table. Determine the elongation in each case by subtracting the 0-mass position from each successive position. The corresponding force is the weight of the mass on the spring. 

4.  Plot the force versus the elongation in Excel and record the spring constant (the slope of the best fit line).

5.  In the next part of the lab, you will use the MBL equipment to record the motion of an oscillating spring. Adjust the position of the spring with the 0.5 kg mass on the hanger. Lower the mass gently, until the spring is stretched to its new equilibrium position, about 60 cm from the floor. Use masking tape to secure the large mass from slipping and damaging the equipment, or your toes. 

6.  Place the sonar probe on the floor directly below the mass. Connect the probe to the MBL box and run the Explorer software by double-clicking the icon on the computer desktop. Load the MBL lab called spring.lab. See the Motion with Constant Acceleration lab to recall how to use the MBL software. Run the software and gently set the mass into motion. Observe the data being plotted. 

7.  Capture a set of oscillation data to the spreadsheet. Copy your data and paste it into Excel. Graph about half a dozen cycles and use this to determine the period of oscillation. Compare this with that predicted for your mass and the spring constant you had found previously. Include the graph in your lab.

8.  Now put away the spring equipment and set up the simple pendulum. Suspend the pendulum bob from the hanger about 60 cm from the top. Make sure that the bob can swing freely over small angles of about 5 degrees.

9.  Pull back the pendulum about 5 degrees. Release it, while simultaneously starting the stopwatch. Determine the time for the bob to go through 25 periods. Record this time in the second table.

10.  Repeat the time measurements for the other lengths in the table. In each case determine the period of oscillation and its square.

11.  In Excel plot T2 vs L and determine g using the slope of the best fit line.

Spring Data:      











Mass (g)
Position (cm)
Elongation (cm)
Force (N)

0

0
0

100




200




300




400




500




Spring Constant: from Slope of Line    _______________________

Period of Oscillation of the Spring

From Graph     _______________________

From Theory    _______________________

Percent Error    _______________________

Pendulum Data:
Length (cm)
Time (25 Periods) (s)
Period (s)
Period Squared (s2)

60




80




100




120




140




Value for g from Graph     _______________________ Percent Error     _______________________

_992940741.unknown

_992940757.unknown

_987675447.unknown

_987675538.unknown

_987675127.unknown

