
1 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 The pendulum 

School of Physics  
 



2 
 

 

Preliminary information 

Gravitational field strength, g 

4567*8( is an attractive non-contact force that emanates from and is exerted on objects with mass. Gravity 
is applied by means of a gravitational 9*-1/ that surrounds all objects with mass; when an object 
experiences gravity, it is often referred to as its :-*;'8.  

 
The strength of the force between two objects with masses M and m is given by 

𝐹 = 𝐺
𝑀𝑚
𝑟

==2 (𝑟)𝑟𝜋 (=)𝑟(7)𝑟2 𝜋22 𝑙𝜋𝑟2 (=)𝑟2 (&)𝑟b9(2&)𝑟bU (𝐹)Tj rT 9 (U)T.±−−2 (3)2 (c(𝐹)).±22 𝑟2𝜋 ±96 −∆3𝜋 (=)𝑟(7)𝑟2(=𝑚)2 (3)2 (𝑐Q(𝐹))𝑟2 (6.797 ±∆96.797−)𝑟𝜋7.𝑙∆±
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?0-)8*@.&!=&
Show that surface gravitational field strength can be given by the equation&

𝑔 =
𝐺𝑀
𝑟.  

 

&

?0-)8*@.&!>&
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?0-)8*@.&!C&
Which variables should be plotted along the horizontal and the vertical axes of the graph?&

Horizontal axis: Vertical axis: 

 

?0-)8*@.&!D&
Write an expression that relates the gradient of this graph with gravitational field strength, 𝑔.&
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In the laboratory 

Equipment 

¥ Pendulum apparatus 
¥ Boss head 
¥ Photogate and LabQuest interface 
¥ Metre rule 

 

 
<*;05-&A&

The pendulum apparatus 

 

The pendulum apparatus consists of a brass ball on the end of the string. The string itself is of a fixed 
length – you will not need to cut the string to length. The length of the pendulum can be varied by raising or  
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$8-E&>&

Adjust the pin assembly so that the length of the pendulum is 20 cm. Pull the ball to one side (about 10 
degrees from vertical) and click the collect button .  

Release the ball and allow it to swing freely. G@;;-5!5@ will run for about 20 seconds, measuring the period 
of each swing, and then automatically stops. 

&

$8-E&A 

Once LoggerPro has finished collecting data for a run, you may see a line graph showing that each period 
was not necessarily the same. You may need to scale the axes in order to see this detail – click on the 
,K08@)+61-3&button in the toolbar to do this. 

We will need to find the average period for the pendulum for this length. Click and drag a rectangle around 
the line of the graph, leaving out the first and last data point as these may contain errors. Then click on the 
,$868*)8*+)3&button.&

 

 

 
 

You should see a box pop up on the graph like the one shown above. Record the 2-6. in the space on the 
next page. 

Repeat the steps to measure the average period for this length two more times so you have a total of three 
trials for 𝑙 =	20 cm. 

Also, calculate the uncertainty in the period, 
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 Period (s) 

Pendulum length 
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L-)018)&=O> 
Rewrite this equation so that you can use it to calculate the uncertainty in period-squared, given that you 
have collected data for 𝑇 and ∆𝑇, and that you can easily calculate 𝑇.. 

 

 

Analysis 

We will use Microsoft Excel to plot a line of best fit. Use the G*.-65&!1@8&:*8'&0.+-586*.8*-) Excel file to plot a 
graph of E-5*@/&)P065-/&7)&1-.;8' (i.e. 𝑇.7)&𝑙). 

To access this Excel file,  

Q-)R8@E&

�$  ! <*5)8&S-65 

�$  ! Q56;&8@&/-)R8@E&6./&5-.62-&6)&TUE-5*2-.8)&

�$  ! <0./62-.861)&-UE-5*2-.8)&

�$  !  
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K.61()*)&=OC&
Use your equation from ?0-)8*@.&!D to calculate a value for 𝑔.&

 

 

K.61()*)&=OD&
Calculate the uncertainty in your value for 𝑔. The percentage uncertainty in the gradient is the same as the 
percentage uncertainty in 𝑔, i.e.&

∆𝑎
𝑎

=
∆𝑏
𝑏

 

 

 

Discussion 

Q*)+0))*@.&=OV&
How close is your value to the accepted value for 𝑔? Has your experimental technique been precise enough 
to measure it accurately?&

 

 

Q*)+0))*@.&=OW&
What are some reasons why this experiment, as you have carried it out, may not measure the same 
accepted value for 𝑔?
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Q*)+0))*@.&=OX&
What are some reasons why the value for 𝑔 itself might really not be the same as the accepted value?&

 

 

Conclusion 

Write a summary of the things that you have achieved in this activity. 

 

 

END OF THIS ACTIVITY 

 

 

 

 


