Vibrations
Vibrations and Waves / Periodic Functions
Overview:

Vibrations are surprisingly important in situations that range from the destructive shaking of an automobile or an industrial machine to the beautiful sounds of a well-played musical instrument. Even the motion of atoms in a crystal lattice and variations in the electromagnetic field that transmit light and radio signals are examples of the same basic type of vibrations. Some vibrations (for example, the vibrations produced by a human voice) can be extremely complex, yet even these can be described quite accurately as the combination of much simpler vibrations.
Simple harmonic motion (or SHM) is the foundation for understanding all vibrations and all periodic waves. In this activity, you will investigate an example of SHM and then (a) predict how a different system will vibrate, and (b) replicate the motion using an electric motor.
PART 1   Period of a Vibrating Object
All mechanical vibrations involve a restoring force which acts on an object with inertia.
 If the restoring force, F, is a linear function of position, y, the force can be described using Hooke’s Law: F = -ky. As written here with a negative sign, Hooke’s Law describes a force which always accelerates the object towards its equilibrium position where y = 0.
As applied to a mass vibrating at the end of a spring, y must be measured as the displacement from the equilibrium position—the position where the net force on the mass is zero. If y is positive (describing an upward displacement), the force, F, is negative (or down). When the mass is located below the equilibrium position so y is negative, F will be positive (upwards).

1. Hang a 200-gram mass from the spring and determine the equilibrium position for this mass. Record the result on the Report Form.

2. Hang an additional 300 grams beneath the original mass and determine y, the displacement to the location where the restoring force from the spring balances the weigh of the extra mass.

3. Use your data and Hooke’s Law to calculate the spring constant, k.
4. Suspend at least 5 different masses from the spring and determine the period of vibration for each. Include a broad range of masses between 50 g and 500 g. Amplitude (maximum displacement from the equilibrium position) does not substantially effect the period of the motion, but it is good practice to use a controlled value for all measurements in this part.
5. Plot a graph of period, T, as a function of mass, m, and use Excel or a graphing calculator to find the empirical equation that fits your data. Attach a copy of your graph to the report and enter the empirical equation on the Report Form.

6. Substitute the value you determined for k into the theoretical equation, T = 2 л((m/k), leaving m as a variable. Simplify the equation as much as possible to show T as a function of m in the same format as the empirical equation.

7. Compare the empirical equation in question 5 with the theoretical equation in question 6. In what ways are the two equations similar? Are there any ways in which the equations are inconsistent with each other?

Vibrations
REPORT FORM (Part 1)
NAME(S)  ____________________________________________________________________

1. Hang a 200-gram mass on your spring, and determine the equilibrium position Yeq

Equilibrium position for a 200 gram mass, 
Yeq =__________ m

2. Hang an additional 300 grams beneath the original mass and determine y, the displacement from the original equilibrium position.


Displacement from Yeq:
y =  _________ m


Additional mass:

m = _0.300____ kg

Additional force:

F = __________ N

3. Use your data and Hooke’s Law to calculate the spring constant, k, in the space below:

4. Suspend at least 5 different masses from the spring and determine the period of vibration for each. Include a broad range of masses between 50 g and 500 g.

[image: image1]
5. Plot a graph of period, T, as a function of mass, m. Use Excel or a graphing calculator to find the empirical equation that fits your data. Attach your graph to this report and enter the empirical equation below.

6. Substitute the value you determined for k into the theoretical equation, T = 2 л((m/k), leaving m as a variable. Simplify the equation as much as possible to show T as a function of m in the same format as the empirical equation above.
7. Compare the empirical equation in question 5 with the theoretical equation in question 6. In what ways are the two equations similar? Are there any ways in which the equations are inconsistent with each other?
PART 2   Another Vibrating Object and another Description
Your instructor will assign your team a different mass and perhaps a different spring.

1. Use one or both of the equations you found in Part 1 to predict the period, T, for this new system. Record your calculation and your prediction on the Report Form.

2. Test your prediction by allowing the system to vibrate though 10 cycles with an amplitude of 15 cm. Record the results on the Report Form and compare the measured value with the predicted value by finding the percentage difference.
3. Calculate the frequency, f, of this vibration in hertz, where f = 1/T.

The mathematics so far had focused on the time for a complete cycle. At times, it is necessary to consider exactly how a vibrating objects moves within each cycle. An equation of motion which describes the instantaneous displacement, y, as a function of time, t, is:
y = A sin(2л f t)
This equation is based on the fact that simple harmonic motion precisely matches the vertical component of an object moving in uniform circular motion. The angular velocity of the rotating object is ω = 2л f, where ω (lower-case Greek omega) must be in units of radians/second.

Your next task is to match the rotational motion of a marker to the actual vibration motion of your mass in question 2 above. This will require that you decide on four key factors:
4. Decide where on the rotating stick to place the marker.
5. Determine the necessary angular speed, ω, in radians/second.

The motor will move in accordance with the standard mathematical convention, starting with the marker horizontally to the left of the motor when t = 0 s and rotating in a positive (counterclockwise) direction. You will start the vibration first, and later press the start button to begin the motor.

6. Where in its cycle should the vibrating object be located when you start the motor?
7. In which direction (up or down) should the vibrating object be moving when you start the motor?
Vibrations
REPORT FORM (Part 2)
NAME(S)  ____________________________________________________________________

1. Show your data and calculation below to find the period for the new system.


Vibrating mass:

m = __________ kg


Spring constant:

k = __________ N/m


Period:



T = __________ s

2. Record the results on the Report Form and compare the measured value with the predicted value by finding the percentage difference.


Measured time for 10 cycles:

          _________ s


Measured period:


Tm = _________ s


Percent Difference:


       __________ %

3. Show your calculation of the frequency, f, in hertz.

Frequency:



f = __________ Hz

4. Where on the rotating stick should the marker. Be located? 

5. What should be the angular speed of the motor, in radians/second?

6. Where in its cycle should the vibrating object be located when you start the motor?

7. In which direction (up or down) should the vibrating object be moving when you start the motor?
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� The same factors can also be identified in non-mechanical vibrations (such as the vibrating electromagnetic fields which transmit light) although their exact nature is different.


� A more general version of the equation of motion for SHM is written as follows: y = sin(2л f t + φ). The Greek φ (phi) is a phase constant which allows the equation to describe a vibration starting anywhere in the cycle. In this activity, we take φ to be zero.
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