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Carry out a practical physics investigation that leads to a non-linear mathematical relationship
4 Credits
Internal




Aim
To find the relationship between the mass and period of an object bouncing on the end of a spring	Comment by Drew McGlashen: Highlight the two variables you are told to investigate in the aim

Equipment
Spring, masses, stop watch, retort stand, clamp arm and boss head, electronic balance

Task
Set up the equipment:
Make sure the clamp stand and clamp arm are firmly fixed and that there is no wobble.
Attach the spring to the clamp arm.
Carry out the experiment: 
The period of a bounce is the time it takes to do one complete (up and down) bounce. (This time does not change as the amplitude of the bounces changes and so timing multiple bounces is an option.)	Comment by Drew McGlashen: Extra information like this is a clue. This sentence is suggesting that you should be timing multiples.

Theory
Physics theory states that, for a mass, m, bouncing smoothly on the end of a spring, the period, T is given by:   	Comment by Drew McGlashen: This hint may lead to a good discussion point. What effect would a bounce that is not smooth have on the time period? What can you do to insure your bounces are smooth?	Comment by Drew McGlashen: From the formula I can see that time period is proportional to the square root of mass

I can also see that I will graph time period on the vertical axis and mass/square root of mass on the horizontal axis of my graphs

Where k is the spring constant of the spring you calculated in class earlier. Enter the value you calculated and SI units in the box below:
	k (spring constant) =     60          ( Nm-1 )



Method
State the name of the dependant and independent variables suggested by the aim
	Dependant Variable	Comment by Drew McGlashen: The variable you measure
	
	Independent Variable	Comment by Drew McGlashen: The variable you change

	Time period of bounce
	
	Mass on spring






Results
Record all raw measurements in the following table. It is important that you include an appropriate heading, show units and the correct significant figures. (You must make sufficient measurements to allow you to draw a graph that will help you determine the required relationship.)



	Mass on spring (Kg)	Comment by Drew McGlashen: Make sure all of your data is in SI units (i.e. kilograms not grams), it makes life much easier when you are trying to find the equation for your line of best fit
	Time period (s)

	
	trial 1 (10T)	Comment by Drew McGlashen: If you are recording multiple oscillations to increase the accuracy of your timing it is a good idea to show this in your table
	trial 1 (10T)
	trial 1 (10T)
	Average (1T)	Comment by Drew McGlashen: Make sure your average is for just one swing not multiple swings

	0.10	Comment by Drew McGlashen: Mass data recorded to two decimal places as smallest possible increment was 0.05 Kg, which has an accuracy of 2 decimal places
	3.27
	2.77
	3.27
	0.31

	0.15
	3.04
	2.94
	4.04
	0.33

	0.20	Comment by Drew McGlashen: Your independent variable does not need to go up in consistent steps. For square root relationships it is a good idea to take more small value measurements of your horizontal axis variable. This way your first graph won’t look so linear and will look more like a square root relationship.
	3.43
	4.13
	4.33
	0.40

	0.30
	4.54
	4.94
	5.14
	0.49

	0.40
	5.43
	5.73
	5.43
	0.55

	0.50
	6.44
	6.54
	5.94
	0.63	Comment by Drew McGlashen: Your averages must be to the same number of decimal places as the smallest increment of your timing device (for our school stopwatches this is two decimal places). More decimal places means false accuracy.



First Graph
Graph your averaged data on the following graph paper. Make sure you label your graph axis, give units and draw a curve of best fit (the raw data will not give a straight-line graph).


Method
A diagram and notes on your experimental setup may be useful when completing your discussion. You can use this space for that purpose if you wish.	Comment by Drew McGlashen: This is optional. It may be a good idea as you will be doing your discussion a few days after collecting your data and may forget what you did. It is a good opportunity to record observations made and things you changed when collecting data so you can discuss them later.

 
	Comment by Drew McGlashen: Your graph needs:
 Consistent scales, that start at zero with units and labels
 The variable on its own on the left side of the equals sign in the theoretical equation goes on the vertical axis
 Mark points with crosses not dots, crosses are more precise
 A curved line of best fit that represents the trend in your data. Do not force the line through the origin if your data doesn’t suggest it, even if the theoretical formula does
A title, a good title has the names of both variables in it
Make the graph as big as you can
Relationship
What relationship does your graph suggest between your two variables? You must state the name of the variables as well as the relationship.
	Time period is proportional to the square root of mass



Processing Data
Use the relationship you have stated above and the theoretical formula to decide which variable should be transformed. Transform your data accordingly in the table below. It is important that you put units at the top of each column in your table



	Time period (s)
	Mass on spring (Kg)
	Square root of mass (√Kg)	Comment by Drew McGlashen: Don’t forget to transform the units as well as the variable

	0.31
	0.10
	0.32

	0.33
	0.15
	0.39

	0.40
	0.20
	0.45

	0.49
	0.30
	0.55

	0.55
	0.40
	0.63

	0.63
	0.50
	0.71	Comment by Drew McGlashen: Transformed data should be rounded to the same number of decimal places as your untransformed data



Second Graph
Graph your processed data on the following graph paper. Make sure you label your graph axis, give units and draw a line of best fit.






 
	Comment by Drew McGlashen: Your linear graph needs all the usual things plus some extras:
 A ruled line of best fit the represents the trend in the data. Do not force the line through zero if the data does not suggest it even if the theoretical formula does. An unexpected y-intercept can make a good discussion point, it implies systematic error (i.e. possible zero error)
 Select two points on the line of best fit to calculate the gradient from. These points need to be far apart, not data points, on the line, ideally where the line passes through grid intersections they can be on the horizontal or vertical axis and one can be the origin if you the line of best fit goes through it
 Use your scales to measure the coordinates of your two selected points and show your calculation of rise and run on the graph
Write down the units for you rise and run (i.e. rise units = units on vertical axis, run units = units on horizontal axis)
 Your y-intercept and gradient calculation points cannot be more accurate than your smallest scale devisiony-intercept = 0.02 s
Rise = 0.70 – 0.04 = 0.64 s
Run = 0.80 – 0.04 = 0.76 √Kg

Conclusion
Calculate the gradient of your graph.  Show a triangle on your graph to demonstrate how you obtained the data for calculating your gradient.  Calculate your gradient below:
	Gradient = 


State the y-intercept of your graph:
	Y-intercept = 0.02 s


Use your graph to write the mathematical equation relating the two variables:
	



Discussion
Use your equation, together with the theoretical formula, to show:
· What physical quantities are represented by the gradient/y-intercept of your graph 
· Show/calculate what you would expect them to be
· Compare your gradient/y-intercept with the theoretical values
· If an unexpected result is obtained you should discuss how it could have been caused
Show all working/reasoning

Gradient:
	This means the gradient of my graph should be equal to , this means I can check that my gradient gives a k value of 60 Nm-1 which is the value of the spring I was using:
	Theory: 
Graph: 





	My gradient predicts a k value of 56 Nm-1 which is close to the actual value of 60 Nm-1 of the springs that we were using. 
My gradient is slightly on the high side (should be about 0.81  if k = 60 Nm-1), this means the times I was measuring for the larger masses were to high and/or the times for the lighter mass were too short. I believe it is more likely to be the timing of the low masses that caused this error. 
The oscillation of the low masses was very quick, this made timing hard to do accurately despite the timing techniques I used to increase my accuracy which I will explain later.


Also I may have been consistently fast at stopping the stop watch. This quickness would have a greater effect on my low mass times as the oscillations were quicker therefore fast reactions would cause a bigger percentage change to these times.


Y-intercept:
	The theoretical formula suggests the y-intercept should be zero, which means the spring will not oscillate if there is no mass on it. I observed that this is not the case. As the spring itself has mass it will still oscillate if no mass is attached and the mass of the spring would explain this non-zero y-intercept. You could predict the mass of the spring from the graph by finding the x intercept and squaring that value.




Explain any variables that must be controlled, how you controlled them and discuss the effect they may have on the outcome of the experiment
	Control variable
	How it was controlled
	Possible effect on experiment outcome

	Spring constant, k	Comment by Drew McGlashen: If there are constants in the theoretical equation these should be talked about
	By using the same spring throughout the experiment and insuring too much mass wasn’t put on the spring causing it to stretch permanently
	If the spring constant was increased by switching to a stiffer spring the times periods measured wound have decreased. If the spring constant became less either changing the spring or over stretching the time periods would have increased

	Release height
	Every time we started the masses bouncing we dropped them from the same height (4cm above the equilibrium)
	The formula doesn’t suggest that the drop height will affect the time period, but it does have some effect on the swinging that also occurs. We dropped the masses from the same height to try and keep the swing consistent.

	


	
	



Identify things you did to increase the accuracy of your data and discuss how these techniques increase accuracy
	What you did
	How it increases accuracy

	Timed 10 oscillations and then divided by 10 to get the time period
	The amplitude of the oscillation does not affect the time period, so I timed 10 oscillations. This means human error, due to fast/slow reactions, is spread over ten oscillation not just one. Also it is hard to time the quick oscillations of the lightest masses, timing 10 oscillations made it easier to predict when to start and stop the stop watch.

	Start and stop the timer from the equilibrium position
	Because the mass is travelling the slowest at the top and bottom of the bounce it is hard to predict exactly when it reaches the top or bottom. To overcome this we timed from the equilibrium position where the mass is travelling the fastest. We used a post-it note attached to the retort stand to easily mark the position and observed from straight on to decrease parallax error.

	Repeated and averaged	Comment by Drew McGlashen: You can always discuss repeating and averaging here and the reason for doing it is always the same. Memorising this row in this table is an easy excellence mark.
	Due to random error some measurements will be too low and others will be too high. We repeat each measurement 3 times and averaged the results. This way the high values cancel out the low values and the average is closer to the true value.





Describe any difficulties you encountered when making measurements. The state how these difficulties were overcome and the effect they would have on your result if they were not
	Difficulty encountered
	How it was overcome
	The possible effect on the outcome

	The mass swinging as it bounced
	· Decreased the mass
· Decreased the drop height
· Let the mass stabilise before starting timing
· Discarded and repeated measurements that swung too-much
	The swinging may have caused the time-period to increase or decrease. In my trials I figured out the best drop height to decrease swinging and the max mass that had the least swing.

	The oscillations becoming too small to time
	· Selecting a large enough drop height that didn’t also cause too much-swinging
· Timing no more than 10 oscillations
	I noticed in trials if I timed more than 10 oscillations the amplitude became too small to accurately time. To being able to observe the oscillations correctly would have increased the random error in the experiment, causing more variation in my data and making my data points to stray further from the line of best fit.

	Unsettled bouncing immediately after dropping
	· Allow the mass to oscillate two times before starting timing
· Selecting reasonable low drop height
	This would have made it hard to accurately see when the mass passed the timing point so would have increased random error. Causing more variation in my data as above.  



Give a reason why there was a limit to the range of values you chose for the independent variable and discuss the implications/validity of this limit

Upper limit
	500g
I choose this value for two reasons:
· In my trials I noticed large masses caused more swinging to occur
· I also didn’t want a large mass to stretch my spring and therefore change its spring constant
For these reasons I choose an upper limit of 500g instead of 600g for the mass.



Lower limit
	100g
I choose this value for two reasons:
· Light masses had faster oscillations, in my trials I decided it would be too hard to time 50g accurately
· I also noticed that with only 50g on the spring the spring did not straighten properly. I felt this might cause my spring constant to be different for this value, and since it is an important control variable I decided to go with 100g

I choose to go up in 50g increments for my first 3 values as I recognized the relationship was a square root and knew that it may look linear if I didn’t have enough low mass measurements.




Relationship between mass bouncing on a spring and time period 

0.1	0.15	0.2	0.3	0.4	0.5	0.30984329936570615	0.33415926535897927	0.3960932061801769	0.48762162714916996	0.55301993206474553	0.63024038762121426	Mass on spring, m (Kg)


Time period, T (s)



Relationship between the square root of a mass bouncing on a spring and the time period

0.31622776601683794	0.3872983346207417	0.44721359549995793	0.54772255750516607	0.63245553203367588	0.70710678118654757	0.30984329936570615	0.33415926535897927	0.3960932061801769	0.48762162714916996	0.55301993206474553	0.63024038762121426	Square root of mass (√Kg)


Time period (s)
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