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Oscillatory Motion: The Mass-on-a-Spring System
Abstract

The oscillation motion associated with the mass on a spring system was studied by determining the stiffness constant of a spring, the frequency of vibration of the system expressed as a function of mass and observing the coupled oscillations. 
Purpose of the experiment

The purpose of the experiment was to first measure the stiffness constant of a spring practically. The next aim was to determine the frequency of vibration of a mass and spring system as a function of mass. Finally, the experiment aimed to demonstrate and observe coupled oscillations. Usually, most springs obey Hooke’s Law which states that the force exerted by the spring is proportional to the spring extension from its equilibrium length. The objectives were assessed through attaching several masses to the spring and indicating the stiffness constant, period of oscillation, force applied by the spring and its relationship with displacement recorded. 
Theoretical Principles

Oscillatory motion involves displacement that varies periodically. The present experiment employed the simplest oscillatory motion; simple harmonic motion provided in the lab pack (LAB3.pdf) which applies the equation described by the following harmonic function:
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The lab packet continues to deduce the velocity and acceleration using calculus to determine that the position, velocity, and acceleration as a function of time are all related by harmonic functions. Most useful to our purpose that acceleration is the second derivative of position:

	[image: image1.emf]x ( t ) = A cos ( ω t − ϕ)
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When mass is added to a spring out of the equilibrium point, the spring exerts a resulting force which affects the spring extension as expected in Hooke’s law (Serway, Faughn, & Vuille, 2009). Then employing Hooke's law, one may take advantage of the fact that the mass attached to the spring in the mass-on-a-spring system does not change to observe that the force on the spring is:
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Using the principle that force is mass through acceleration one may observe:
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And within an isolated system one may conclude that angular velocity omega is related to the mass by the spring constant thusly:
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Thus, the period is given by the relationship between angular velocity and periodicity as:
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Experimental Procedure

The mass of the oscillating object and respective spring stiffness constant defines the angular frequency of an oscillation. Therefore, the procedure began by selecting the proper spring/weight holder, calibrating the machine which measures displacement, and incrementally adding 50 grams to the weight holder and measuring displacement. The 50 grams mass was fist added while the respective load and displacement were recorded, and the process as repeated for every addition of 50 grams mass. 
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The linear regression curve was then calculated and plotted against the experimental measurements:

[image: image8.emf]
Sources of error include spring weakening which can cause them to become “loose” over regions of extension and calibration errors which were thoughtfully avoided as the size of the regression errors shows. For all but the first measurement, they appear consistent within a thousandth.

Since the linear regression provides a slope of -0.0304094451, one may conclude that the rate of change of force with respect to displacement (-k) is the same. According to McClave and Sincich on pages 524 and 525, the estimated standard error of the regression model is 0.0051. Thus, k is believed to be 0.0304094451 ± 0.0051 for the spring used to collect the experimental data at this point.

Experimental Data

For the observations collected, the period of oscillation (position) was measured by zooming in on a screen shot and counting pixels between wave front's intercept with the x-axis to find the period (in pixels) and then counting the pixels between the time demarcations over a known interval e.g. 2 seconds to 4 seconds and comparing the ratio:
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	Mass (kg)
	Force (N)
	Position (m)

	0.050
	0.484
	-0.002494

	0.100
	0.946
	-0.006580

	0.150
	1.470
	-0.016750

	0.200
	1.971
	-0.031990

	0.250
	2.464
	-0.048360

	0.300
	2.958
	-0.066130

	0.350
	3.455
	-0.081310

	0.400
	3.942
	-0.097910

	0.450
	4.437
	-0.114600

	0.500
	4.932
	-0.131300
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Data Analysis and Discussion of Results 

The obtained data was analyzed using a regression model form in Excel. Initially, the force F equals the spring force since the mass is at rest. However, as the force increases, and the mass increases, the length of the spring increases too as plotted on the graph below. 
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From the obtained results, it can be deduced that a spring at various levels of stretch has a linear relationship. Hence, the slope of the graph equals to the spring constant k = -0.030409445. As indicated on the force vs time graphs, position vs time graph and velocity vs time graph for forces F1, F2, F3, F4, and F5, maximum points on position graph corresponds to zero points on the velocity graph. Similarly, the acceleration graph corresponds to the position graph flipped reflected over the x-axis. Also, the force graph corresponds to the acceleration graph for all the forces (Chaudhuri, 2007). From this analysis, it can be deduced that ω decreases when mass increases as proven by the following equation. 

Eqn1. ω = (k/m)1/2). 
Correspondingly, period increases as ω decreases

Eqn2. T = (2π/ω)
Conclusions 

This experiment was conducted to first measure the stiffness constant of a spring and to determine the frequency of vibration of a mass and spring system as a function of mass. It was observed that energy conservation equations hold in this experiment in an oscillating spring. The uncertainty in this experiment was about 10%, which can be attributed to calibration errors. 
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Figure 2 (time stamp 3:46)
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Figure 3 (time stamp 3:50)
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Figure 4 (time stamp 3:56)
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Figure 5 (time stamp 4:00)
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Figure 6 (time stamp 4:36)
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