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Experiment 1 : Using a mass-spring system to determine the force constant of a spring.
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Preliminary questions

1.
What is the error when using a stop watch to measure a time interval?

2.
How to minimize this error?

3.
For a vertical mass-spring system, write down an equation relating the period of oscillation T with the mass m and the spring constant k.

4.
In order to plot a linear graph, we plot T x against m. What is the value of x and what is the meaning of the slope of this graph ?

5.
For a simple pendulum, write down an equation relating the period of oscillation T with the length of the string l and the gravitational constant g.

6.
In order to plot a linear graph, we plot T y against l. What is the value of y and what is the meaning of the slope of this graph ?
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Title

Using a mass-spring system to determine the force constant of a spring.

Objective


Through timing a mass-spring oscillator, estimate the force constant of a spring.

Apparatus


1.
G-clamp (1)


2.
Stand-and-clamp (1)


3.
Stop watch (1)


4.
Spiral spring with rings at both ends (1)


5.
Slotted masses and hanger (1)

Setup
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Procedures


1.
Clamp the stand-and-clamp firmly on the table by using a G-clamp.

2.
Clamp the ring at one end of the spring firmly. In order to align the spring vertically, attach the hanger to the lower end of the spring.

3.
By determining the range of mass and the step size, plan the experiment.. The masses to be used should enable you to obtain at least 10 sets of data. The smallest mass is heavy enough for the system to oscillate 20 times or more before coming to rest, and the heaviest mass would not overload the spring causing permanent distortion. Write down the step size of mass to be used. Now, start your experiment with the smallest mass.


4.
Set the mass into oscillation. (See precautions 1 and 2)


5.
Measure the time for the mass to complete 20 oscillations. (See precautions 3 and 4)


6.
Repeat the timing once. Record your results in Table 1.


7.
Repeat steps 3 to 6 for a total 10 sets of data by varying the mass of the oscillator.

Precautions

1.
Make sure that the mass oscillates vertically. Do NOT start timing immediately after starting the oscillation.


2.
The amplitude of oscillation should not be larger than the equilibrium extension.


3.
Count the oscillations when the mass reaches the lowest or highest position.


4.
Start the stop watch and on the count of zero and stop it on the count of 20.

Data

	Load, m (       )
	
	
	
	
	
	
	
	
	
	

	T1 (       )
	
	
	
	
	
	
	
	
	
	

	T2 (       )
	
	
	
	
	
	
	
	
	
	

	mean T
	
	
	
	
	
	
	
	
	
	

	T2
	
	
	
	
	
	
	
	
	
	


Table 1

Teacher’s signature :




Calculations and graphs


Since T2 = 
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, a plot of T2 against m would give a straight line. The force constant k is deduced from the slope of the graph. It follows that the percent error in the force constant k is the same as the percent error in the slope of the graph. We shall estimate the difference between the slope of the best-fit line and the slope of other possible lines drawn through the points and express this as a percentage.

1.
Plot the data points for square of period (T2) versus mass (m).

2.
Calculate the means of T2 and m. Mark the point on the graph, called the centroid.

3.
Draw the line of best-fit through the plotted points and the centroid.

4.
Measure the slope m’. Hence, find the force constant of the spring.

5.
Pivot about the centroid and draw the lines of maximum and minimum slopes, m+ and m-.

6.
Measure the maximum error in slope Δm’ from the maximum deviation i.e. the larger of 

|m+ - m’ | and |m- - m’ |.

7.
Find the percent error in slope i.e. 
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. This is also the percent error in the force constant.

8.
Express the force constant k with its absolute error.

Note that from T2 = 
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, it appears that the percent error in k can be obtained by calculating the percent error in T and m. However, the timing error (in starting and stopping the stop watch) is negligible compared to the time interval for 20 oscillations. I.e. the estimate percent error in k would be too small for it to reflect the reality. Thus, error estimation using the deviation in slope is preferable.

Discussion


1.
Discuss the difficulties and limitations of the above experiment.


2.
Suggest improvement to the above experiment.

3.
The period of the mass-spring oscillator is independent of gravity. State an application which makes use of this feature.


4.
Other discussions.

Conclusion

1.
Express the force constant k with its absolute error.


2.
Other conclusions.
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