A Controlled Experiment

The Simple Pendulum


A pendulum is a physical system consisting of a massive bob, suspended by a (relatively) massless string, attached to a point of support.  The period of a pendulum (T) is the time needed for the pendulum to make a complete swing, from the point of release to the same point again.


Observation suggests that the period of a pendulum might be affected by several variables: quantities that change.  Four possible influencing variables are: (1) strength of gravity (g) (2) amplitude (A) (3) length (L) and (4) mass (m).  Strength of gravity is usually discussed in terms of the acceleration it produces in falling objects.  It has a definite effect on T, but for reasons that will become obvious we will ignore this variable.  The amplitude is ½ of the angle through which the pendulum swings.  The length is the distance from the point of support to the center of mass of the pendulum.  The mass of the pendulum is, theoretically, the mass of the bob.

PROBLEM:  The purpose of this experiment is to determine which of the 3 variables (ignoring g) has the greatest effect on T.

HYPOTHESIS:  Choose the variable that you think will have the greatest effect on T and write a statement in the form:  “(Variable name) will have the greatest effect on the period of a pendulum.”  This should be a testable statement, and we will use a simple test of how much variation there is from the average T to decide whether the hypothesis is confirmed or rejected.  If there is very little variation from an average T we will assume the null hypothesis is correct: that is, there is no difference in T due to that variable.  If there is a large variation in T, we will reject the null hypothesis and assume that the variation was caused by that particular variable.  
STATEMENT _________________________________________________

EXPERIMENT:  Since all 3 variables are present and may have some effect on T, it is important to control the variables by holding 2 variables constant while testing the 3rd.

TEST 1: AMPLITUDE


Construct a pendulum with the materials provided.  Choose a mass and keep it constant throughout the test.  Choose a length for the pendulum and keep it constant.  Test the effect of amplitude by releasing the pendulum from 2 different points.  Using a protractor, pull the pendulum back from its rest position by 10o.  Release.  When the pendulum returns to the release point begin timing with a stopwatch.  Measure the time (t1) needed for 10 complete swings and record.  Repeat.  Do another set of trials using an amplitude of 20o.  (See Data Table 1)

DATA:

Table 1

	amplitude
	# of swings
	  t1
	  t2
	  T1
	 T2
	  Tave

	
	
	
	
	
	
	

	
	
	
	
	
	
	


CALCULATIONS:


Calculate the mean period (Tm) = average of Tave10o and Tave20o ______


Calculate the departures from the mean = (T10o- Tm)  x  100  = _____%









Tm







                (T20o- Tm)  x 100 =  _____%








Tm
(If the average periods (Tave) are close the same value, the per cent departure from the mean value will be small, and we can assume that the tested variable has very little effect.  If the average periods are very different, the per cent departure from the mean value will be large, and we can assume that the tested variable may have an effect.)
TEST 2:  LENGTH


Choose a mass and keep it constant.  Choose an amplitude and keep it constant.  Measure the periods of pendulums whose lengths are .3000 m and 

.6000 m.  (Remember, L is the distance from the point of support to the center of mass.)

DATA:

Table 2

	Length
	# of swings
	 t1
	 t2
	T1
	T2
	T​ave

	
	
	
	
	
	
	

	
	
	
	
	
	
	


CALCULATIONS:


Calculate Tm  ____________


Calculate departures from the mean  (.3000 m) _________%







        (.6000 m) _________%

TEST 3:  MASS


Using a triple beam balance determine the mass of a mass hanger.  Write down all the digits you can read with certainty and then write down one more digit, representing your estimate of the value after the last digit you read with certainty. ____________ g


Add the mass of the mass hanger to a 50-g mass and a 100-g mass to calculate the two different masses.

Be sure to hold the amplitude constant (use one of the amplitudes used previously) and hold the length constant (use one of the lengths used previously).  You will need to adjust the length of the string, because the length is from the point of attachment to the center of the mass.  The masses are different sizes, so the center of mass will be in a different point, which you will need to estimate.

DATA:

Table 3

	mass


	# of swings
	 t1


	t2


	T1


	T2


	Tave



	
	
	
	
	
	
	

	
	
	
	
	
	
	


CALCULATIONS:


Calculate Tm  ____________


Calculate departures from the mean  (m1) __________%







        (m2) __________%

CONCLUSIONS:


Using the departures from the mean for each variable, which variable do you think has the greatest effect on T? ___________________.


Did you confirm or reject your hypothesis? _________________.

The conclusion of one experiment usually suggests a new problem!

PROBLEM:  What is the exact relationship between T and the variable that most affects T?  The simplest relationships between variables are direct proportion and inverse proportion.  (Most actual relationships are more complicated.)

HYPOTHESIS:  Write a hypothesis describing a simple relationship between T and the variable that most affects T: 

__________________________________________________________

__________________________________________________________
EXPERIMENT:  Measure the period associated with 7 different values of your chosen variable.  Spread your values out over the entire range of values available with your material.

Before you collect any data, write out a statement of what kind of pattern you would expect to see in your data in order to confirm your hypothesis:

___________________________________________________________

___________________________________________________________
DATA:

Table 4

	variable values
	# of swings
	t1
	t2
	T1
	T2
	 Tave

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


Do the data (plural) meet your expectations for confirmation of your hypothesis? ______________

What more can you do with the data to better determine the relationship between your chosen variable and T? ____________________________

__________________________________________________________.

OTHER CONSIDERATIONS:


The other variable that affects the period of a pendulum is the strength of gravity.  Why did we ignore it in this experiment? ________________

___________________________________________________________.


Is gravity a true variable?  Does it vary? _____________________.

A pendulum at the top of the Mt. Everest behaves differently from the same pendulum on the ground below.  Explain how you think the pendulum will behave differently. _____________________________________________________________

In fact the period of a pendulum is precisely defined in terms of the strength of gravity and the length of the pendulum according to the following formula:     T = 2π
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 (L is measured in m and g in m/sec2)

At sea level, what would be the period of a .5000 m pendulum when the acceleration due to gravity (g) is 9.800 m/sec​2 ? (Show your calculations.)

What would be the period of the same pendulum on top of Mt. Everest where g is 9.786 m/sec2?  (Show your calculations.)

Use the following formula to calculate the percent difference in T from bottom to top:


(Ttop – Tbottom)  x  100  =  ______________%


       Tbottom
The difference is small but measurable, and this difference serves as the basis of instruments that measure the height of mountains and other geological features.
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