Simple Harmonic Motion Lab
Name____________________________ Period______

Purpose: The purpose of this lab is to investigate the relationships between distance, velocity, acceleration, force, and energy of a mass oscillating on the end of a spring.

PART 1 - Measuring the Spring Constant, k

Procedure: Obtain your spring in the box labeled for your group, an electronic force sensor, and a meter stick. Set up Data Studio to measure force using a Digits display. Hold one end of the spring stationary on a horizontal surface. Pull on the other end of the spring with a force sensor and complete the table below. Distance is how far the spring stretches from its unstretched length.
	Force(N)
	
	
	
	
	
	
	

	Distance(cm)
	10
	15
	20
	25
	30
	35
	40


Analysis: Graph Force (y axis) Vs Distance (x axis) for the spring on graph paper. (NO COMPUTER GRAPHING TODAY!!). Draw the line of best fit and calculate the slope using points ON THE LINE. (0,0 might not be on the line) Show ALL your work for slope calculations on your graph and attach it to this lab. Enter your results below. 

Spring 1 Slope = ________________(N/cm)

The slope of your Force Vs Distance graph is the spring constant, k. Convert to N/m and record below.

Spring 1 k = ______________(N/m)

Predict the period and frequency of your spring with a 0.105 kg mass oscillating at the end of it. Predict how much the spring will stretch from its unstretched length after the 0.105 kg mass is attached. Show your work and record your predictions below.

Period ____________ sec   Frequency__________ Hz   Distance _____________m

PART 2 - Motion Data Collection and Analysis

Procedure: Hang your force sensor from a stand as shown by your teacher. Hook your spring to the hook on the end of the force sensor. Hang the 0.105 kg mass from the end of the spring and record how far the spring stretches from its unstretched length. Record it below.

Spring stretch distance _______________ m

Compare the predicted stretch distance to the actual. Calculate percent error.

Percent Error = (Predicted-Actual)/Actual  X 100 = ___________________%

Open the file SHMLab in the AP Physics Computer Files Folder in THAWSPACE. Adjust your ringstand so the hanging mass is as far from the edge of the table as possible. Place a motion sensor on the floor directly below the hanging mass. Push the zero button on the side of the force sensor when the mass is perfectly still. Raise the mass up about 15 cm and release it, making sure the mass does not fall off and hit the motion sensor. Wait until it settles down and is smoothly oscillating only in the vertical direction, then click Start. You may need to adjust the position of the motion sensor to get smooth data. Once it is smooth, click Stop, then Start to collect data that is smooth from the t = 0 to at least 3 s. Delete any previous runs and click the Scale to Fit tool [image: image1.png]


 so the curve fills most of screen. If data looks smooth save it and give your file a unique name. Set the maximum time to 3 sec and set the distance axis so data fills up most of screen. Click the Smart Tool [image: image2.png]


 and use the cursor to measure data points to determine values to record in the spaces below. Show your work.

Maximum Distance _________(m)
Minimum Distance __________(m)

Equilibrium Distance (half way between min and max) __________(m)
Amplitude_________(m)

Notice that your position graph does not oscillate about zero. This is because it is measured relative to the motion sensor. We will now create a new position graph that will fix this. Click on Calculate and select New. Define variable x to be Position. Select and change y to be ZeroedPosition. Subtract your Equilibrium Position from x and click Accept. Now click and hold on the y axis label of your graph and select ZeroedPosition. Congratulations, you have now changed your position graph so it oscillates about x = 0!

Sketch your Zeroed Position Vs time graph on the axes on the last page of your lab (At least 2 complete cycles). Now use the Smart Tool to measure the following off your ZeroedPosition graph which you will use for the rest of the lab.

Amplitude (xm)  ________(m)   Period ________(sec)   Frequency ________(Hz)

Compare your predicted values with the data for period and frequency. Calculate the percent error of the period.

Percent error ________%

Use the amplitude to calculate the maximum energy stored in the spring. Use the maximum potential energy of the spring to predict the maximum velocity of the mass (neglect gravitational potential energy). Show your work and record your results below.

Maximum UE of spring ________J
Maximum Velocity of Mass ________m/s

When the mass is at the equilibrium position, is the velocity maximum or zero?________________.

When the mass is at maximum amplitude, is the velocity maximum or zero?___________________.

Use this information and the fact that velocity is positive when moving away from the sensor to sketch your prediction for the velocity Vs time graph under the distance sketch on the last page. Show at least 2 complete cycles.

Drag the Graph1 (not Graph) icon from the Displays Window to Velocity. This will add the velocity graph to your display. Use the Smart Tool to measure the maximum velocity. Compare it to your prediction and calculate the percent error below.

Maximum velocity ________m/s
Percent Error ________%

Study the velocity Vs time graph and adjust your predictions and sketch if necessary. Pick a point on the ZeroedPosition graph between x = xm and x = 0. Use the Smart Tool to carefully read off the distance and velocity at the exact same time. Calculate the potential energy in the spring and the kinetic energy of the mass at this time. Compare the total energy at this point to the maximum UE. Show your work and record the results below.

Distance ______m   Velocity ______m/s   UE in spring ______J   K of Mass______J

Total Energy at this Point _____J   Max UE in Spring(from above) _____J   Percent Error _____%

The upward force on the mass and the downward pull of gravity are equal and opposite at the equilibrium position. Because of this we can assume that the net force acting on the mass is from the spring and the distance the spring is stretched is the same as the ZeroedPosition. We can ignore the weight of the mass. Use your extensive knowledge of Newton's Laws to calculate the maximum force from the spring and then maximum acceleration of the block. Show your work below.

Predicted Maximum Acceleration _________ m/s2
Study the velocity Vs time graph. It is the slope of the position graph plotted against time. Where the position graph slope is greatest, velocity is at maximum. Where the slope is zero, velocity is zero. Where the slope is positive, velocity is positive. Where the slope is negative, velocity is negative. Acceleration is a graph of the slope of the velocity graph plotted against time. When velocity is maximum, is the acceleration maximum or zero? _________ When velocity is zero, is the acceleration maximum or zero? _______ Use this knowledge to sketch your prediction for the acceleration Vs time graph below your velocity sketch. 

Drag the Graph1 (not Graph) icon from the Displays Window to Acceleration. This will add the acceleration graph to your display. Use the Smart Tool to measure the maximum acceleration. Correct your predictions and sketch for acceleration based upon this graph. Use the measured maximum acceleration to predict the maximum force on the 0.105 kg mass. Sketch your prediction for the force Vs time graph below the acceleration sketch. (Hint: it will match the shape of one of your other graphs)

Measured Maximum Acceleration _________ m/s2

Maximum Force _________N

Drag the Graph1 (not Graph) icon from the Displays Window to Force. This will add the force graph to your display.  Compare the shape of the force graph to your prediction and other sketches. Which one is it most alike?__________ When the acceleration is a maximum positive value, what other curve is?__________

Use analyze to find the maximum force. Compare it to your prediction and calculate the percent error. Show your work below.

Maximum Force ________N 

Percent Error ________%

Questions: 1. A mass on a spring is observed to complete 15 oscillations in 30 seconds. What is the period and the frequency of this motion?

2. If the amplitude of the motion in question 1 were tripled, what would be the period and frequency?

3. If the amount of the mass were tripled, what would be the period and frequency?

4. If the spring constant were tripled, what would be the period and frequency?
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