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Weight on a Spring Report 

Introduction 

The aim of this collection of data was to observe the change in position (m), of a weight on a 

spring when released, over a certain period of time. Throughout this experiment, several 

manipulations were made to the setup of said weight on spring in order to analyze particular 

cases and the results of such. This was done so using a Vernier Probe, through the use of a 

Logger Pro system, in order to ensure accuracy and consistency of information. The data 

collected was plotted onto the appropriate software as points of position vs. time. This 

information, including the modified versions relevant to each question of the investigation, was 

then formulated into estimated sinusoidal equations, as well as compared with automatically 

generated regressions. The focus of the experiment as a whole was on finding out which 

physical variable affected which aspect of the equation models, in terms of variables such as 

amplitude, translation, and period. 
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Data for Question #3c Data for Question #3d 

Data for Question #4a Data for Question #4b 



Bartu Kaleagasi 

IB Math / Tylke 

Due: February 4th 2013 

 

Physical Variables 

Height: The measure of the height at which the weight (attached to a spring) was released from 

Mass: The mass of weights attached to the spring used in the experiment (in # of weights) 

Position: The distance from which the weight was in relation to the Vernier Probe at any given 

time (in meters) 

Time: The amount of time elapsed since the start of data collection (in seconds) 

Air resistance: This was manipulated by means of adding paper to the bottom of the weight in 

order to increase the surface area of the weight involved in resistance by air 

 

Equation Variables 

Frequency: The number of complete cycles that happens every second (in hertz) 

In the instance in which the model of an equation is expressed as: 

  

a is the value affecting the amplitude of the sinusoidal model, through vertical dilation 

b is the value affecting the period of the sinusoidal model, through horizontal dilation 

c is the value affecting the amount of horizontal translation present in the sinusoidal model 

d is the value affecting the amount of vertical translation present in the sinusoidal model 

 

 

 

sin( )a bx c d 
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Initial and Model Equation (Q1) 

 

 

 

 

 

As can be seen in the graph above, the data collected for the initial experiment setup proved to 

be very similar to a perfect sinusoidal equation. This could be concluded through observation of 

the determining characteristics of such an equation, including but not limited to:  

- A distinct wave-like shape 

- A regular and undisturbed pattern of motion 

- A more or less consistent:  

o Amplitude 

o Period 

o Vertical translation 

o Horizontal translation 

 

Upon having made this conclusion, the task at hand was to formulate an equation which would 

serve as an approximate fitting model to the graph of the initial data. In order to do so, the 

previously mentioned “equation variables” as well as the expression were 

utilized.  

 

The method to find the amplitude, expressed by the variable a, consisted of first of all 

pinpointing the minimum and the maximum position values of the given graph, also called the 

“peak” and the “trough”. Following this, it was simply a matter of calculating half of the 

difference between said points. This was so due to the definition of amplitude, which is the 

“peak deviation” of the sinusoidal from its line of equilibrium. Referring back to “Data for 

Question #1”, one of the troughs was found to be at 0.39 seconds, and its corresponding peak 

at 0.68 seconds. Using this information, variable a, and subsequently the amplitude, were 

found in this way: 

 

 

sin( )a bx c d 
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The method to find variable b, which expressed the period of the equation, was more 

complicated than the others. First of all, the actual period of the graph on the software was 

found by determining the difference in time between a minimum and the next minimum of a 

single cycle in the wave. This was calculated as follows: 

 

 

Then, this value of difference in time was substituted into the formula used to find the b value 

of a sinusoidal function based on the actual period of a graph’s data: 

 

 

 

 

The method to find variable c, 

which affects the horizontal 

translation of the sinusoidal, 

involved the time value of the line 

on the graph at the line of 

equilibrium just before a curve 

upwards. This was so due to the 

fact that the regular starting points 

in terms of x-value for a sine 

equation is at the line of 

equilibrium followed by a first 

curve upwards as can be seen: 
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As the x-value of the starting point of a regular sine equation is supposed to be 0, yet it was 

found to be 0.55 on the graph of the program, the very simple expression of variable c was 

found to be: 

0.55Horizontal   

Lastly, the method used in finding the vertical translation, expressed as d, was straightforward. 

In order to do so, knowing that a regular sine equation would have its line of equilibrium at y=0, 

this was compared with the line of equilibrium of the graph on the software. At the point on 

the relevant data table where the time-value was 0.84, which more or less represented the line 

of equilibrium, the y-value was found to be 0.272. Therefore, the vertical translation is 

expressed as: 

0.272Vertical   

Having gathered all of this information, including all 4 variables necessary to model an equation 

for this graph, the sine equation that we came up with was: 

sin( )

0.047sin(10.65 0.55) 0.272

y a bx c d

y x

  

  
 

In terms of fit, overall, the model equation seemed to be almost completely aligned with that of 

the initial data. However, the issue quickly became clear. Upon observing the consistency of the 

fit, it was obvious that the modeled equation was of perfect fit in the first few cycles of the 

sinusoidal, but that this quickly fell apart as the line went on and varied in values. This meant 

that although it was suitable as a representation of the line, our modeled equation had been a 

victim of human error and of the fact that almost all of the information during the procedure of 

the modeling had been obtained from a particular domain of the graph’s collected data. 

Graph with initial data (red) and our modeled equation (black) 
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Logger Pro Regression (Q2) 

Through the use of the Logger Pro software, which had been previously used in conjunction 

with a Verbier Probe in order to collect the data, an accurate model of the equation was 

calculated using regression. The software gave the following model: 

sin( )

0.04607sin(10.61 0.5013) 0.2722

y a bx c d

y x

  

  
 

When graphed, this yielded the following, in comparison to our modeled equation: 

The regression model given by Logger Pro was found to fit the initial graph much better than 

our model. First of all, the amplitude and other variables of the equation were much more 

consistent with that of the graph, albeit not perfect. This was most probably due to the fact 

that it had formulated these values from much more precise points of data as well as taking 

into account the entirety of the data table’s domain rather than picking out certain aspects to 

manually work on, such as a restricted domain. 

In comparison to our modeled equation, it failed to fit the initial graph as well in the domain 

with the first few cycles. However, the fact that it formed the regression model based on all of 

the data that had been collected meant that there was a smaller amount of deviation and error 

overall. Therefore, despite both models being almost perfectly aligned with the sinusoidal, the 

Logger Pro regression had the upper hand in that it was a better general representation and a 

more accurate one as well. A viable option for us to have achieved greater overall accuracy for 

our model would have been to do these same calculations on a wider domain and use the 

average of these values in order to formulate a modeled equation. 

 

Graph with initial data (red), our modeled equation (black), and the Logger Pro regression model (blue) 
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Variable Exploration (Q3) 

This section of the experiment was dedicated to manipulating the setup of the data collection 

in order to observe which effects would be yielded. The first step consisted of changing the 

amplitude of the graph. Knowing that the amplitude was the value of the difference between 

the line of equilibrium and the minimum or maximum of a sinusoidal, we thought the most 

effective way to change this would be to release the weight from a lower height. This would in 

turn provide a greater amount of Potential Energy (PE) due to the spring’s resistance. The 

outcome was as follows: 

As can be seen, the desired result was indeed reached through this. The higher amount of 

Potential Energy acting on the weight enabled it to reach a greater height while moving up and 

down. This established the fact that height of release of the weight has a negative relation to 

amplitude, wherein releasing from a lower point increased the value of the amplitude. 

The next step was a change in the period of the equation. On the basis that the period 

designated how long a cycle lasted, we decided to add an extra weight to the spring in order to 

change the frequency of its motion. The result was as follows: 

Graph of initial data (red) and amplitude changed data (black) 

Graph of the initial data (red) and period-changed data (black) 
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As seen in the graph above, the period did in fact change substantially with the added weight. 

More mass on the spring meant that it would behave differently in terms of its frequency while 

moving up and down. This led to the conclusion that changing the mass on the spring does 

indeed affect the period of the equation that is yielded from it. 

Following this, vertical translation was the factor that had to be manipulated. As by its 

definition, vertical translation represented the simple matter of moving the starting height 

position of the weight on spring to a higher or lower location. In order not to interrupt the 

Vernier Probe’s collection process, we decided to clamp the weight and spring higher up on the 

rod and the following was the result of this: 

As can be seen in the graph above, the equation was indeed translated vertically downwards. 

This was perfectly normal due to the fact that a higher starting position for the weight on spring 

also meant that it would be further away from the Vernier Probe in position at any given time 

in comparison to the initial data’s points. This established the fact that a higher starting position 

did in fact affect the vertical translation of the equation with a negative relationship. The higher 

the starting position, the lower the vertical translation would reach. 

 

Finally, the last step was to find what would affect horizontal translation. As this would mean 

that a particular part of the cycle would simply be shifted in terms of time, we decided to start 

the recording of the data later than we had previously done so. Upon letting go of the weight 

on spring, we waited a few seconds before hitting the record button on the software. This 

yielded the following graph: 

 

 

Graph of initial data (red) and vertically translated data (black) 
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As seen in the graph above, the equation for the instance in which the collection of data was 

delayed displayed an evident horizontal translation. This was due to the fact that the spring 

motion was at a distinct part of the cycle when the collection from x=0 began. This established 

that a manipulation of the start of data collection did indeed affect the horizontal translation of 

the equation. 

 

 

 

 

 

 

 

 

 

 

 

 

Graph of initial data (red) and horizontally translated data (black) 
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Exponential Exploration (Q4) 

This part of the experiment consisted of observing the data collected from the motion of the 

weight on spring over a longer amount of time, as well as with air resistance. 

The first step was to collect the data in order to see what happened to the sinusoidal over time. 

The following graph is the result of having collected data for a period of 30 seconds rather than 

5 seconds as was so in the other steps of this investigation: 

From what can be seen above, the represented equation is still a sinusoidal. However, it is 

noteworthy that this particular one decreases in amplitude over time. This is most likely due to 

the fact that there is air resistance as well as friction acting on both the spring and the weight, 

hindering the extent of their motion. Additionally, perfect perpetual motion is realistically not 

possible, which explains the fact that this case sees a limit. It could be said that as x (expressed 

as time in seconds) approaches infinity, amplitude (a) approaches zero. 

When calculated using the logger pro regression, the given values lead to an equation model 

that seems to represent the sinusoidal well overall, but does not take into account whatsoever 

the fact that amplitude is not consistent over time. This is due to the fact that the software 

takes the entire data table into account and averages it, rather than catering to each specific 

cycle as individual pieces of the graph. 

Upon having found all of this, the conclusions point towards the possibility of this equation 

being modeled through the use of what is commonly called a “damped sine wave”. This 

particular type of sinusoidal consists of the peak of the wave decreasing as each cycle happens. 

By definition, a damped sine wave is indeed a “sinusoidal function whose amplitude 

approaches zero as time increases”. 

 

Graph of data over long time (red) and Logger Pro Regression (black) 
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In terms of sine, the general equation for a damped sine wave can be expressed as:  

( / )( ) ( )sin( )x ff x a e bx c d    

The logic behind this seems to be that, since the e value has an exponential decay attributed to 

it, the amplitude would decrease more and more over time. Utilizing the regression model and 

re-graphing it onto GSP, it was the beginning of a quest to understand how this new type of 

function worked. Throughout hours of experimentation and testing new hypotheses, a few 

things became clear: 

In a modeled equation, a would represent the amplitude at which the graph starts at, and f 

would be affected by the speed with which amplitude would decay. As f would be smaller, the 

damped sinusoidal wave would decrease in amplitude much faster.  

With this newfound knowledge, I plugged in the value of a, which was found by calculating the 

initial amplitude of the actual graph, using information in the “Data for Question #4a” table. 

Following several attempts at manipulating the formula to my likings, the graph below 

portrayed a very realistic representation of what could be a well-fitted damped sine wave for 

the purposes of this experiment: 

 

 

Graph of Logger Pro Regression (black) and my damped sine wave (blue) 
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Having tackled what had felt like an odyssean challenge, it was time to move on to the next 

step in the exploration. This consisted of assessing the meaning behind the graph resulting from 

an increase in air resistance to the weight, by means of attaching a paper to it, as follows: 

 

As can be seen in this graph, the effect of attaching paper to the bottom of the weight was 

most obvious: it resulted in a dramatic increase of the speed at which amplitude decreased. 

Having already found the variable (named here as f) in charge of controlling this precise 

characteristic, there was nothing standing in the way of modeling an equation for this case. The 

only noteworthy aspect was that it would have to be taken into account that the initial 

amplitude would also be decreased, due to the extra weight and resistance. However this was 

not a problem either, as a change in variable a would deal with this. In addition to this, a 

vertical translation downwards was also necessary.  

Once again, by using GSP, I graphed a third function onto the plane. This time, the f variable 

was decreased, causing an increase in the speed of decay of the amplitude, due to the fact that, 

as stated earlier, f is inversely related to speed of decrease in amplitude over time. On top of 

this, adjustments in the initial amplitude and vertical translation, after having calculated these 

using “Data for Question #4b”, were also implemented into the equation. The result was not far 

from brilliant: 

 

 

 

Graph of Logger Pro Regression for previous equation (black) and new equation with air resistance (red) 
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And here it can be compared to the previous modeled damped sine wave: 

 

 

 

Graph of Logger Pro Regression from prev. questions (black) and damped sine wave model with air resistance (red) 

Previous graph with damped sine wave model over time (blue) 
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Resources 

http://en.wikipedia.org/wiki/Damped_sine_wave 

http://www.biology.arizona.edu/biomath/tutorials/trigonometric/graphics/trig_sine.gif 

 

http://en.wikipedia.org/wiki/Damped_sine_wave
http://www.biology.arizona.edu/biomath/tutorials/trigonometric/graphics/trig_sine.gif

