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g by Free Fall Apparatus:  

• Release Mechanism 

• Base plate with internal sensor 

• 2 12” banana plug leads (1 red, 1 black) 

• 2 36” banana plug leads (1 red, 1 black) 

• 8 mm steel ball 

• 12 mm steel ball 
 

Recommended for Activity: 

• Millisecond Timer (52-4000) 

• Ring Stand (66-4220) 

• Swivel Clamp (66-4500) 
 

 

 
By timing how long it takes an object falling under gravity to cover a measured distance an accurate 
value for the acceleration due to gravity can be calculated. This apparatus provides a reliable system for 
carrying out this type of investigation when used in conjunction with an accurate millisecond timer. 

 

 
For a freely falling object, starting from a stationary position, the distance it falls in a given time can be 
calculated from a simple formula: 
 

2𝑑 = 𝑔 × 𝑡2 
 
where d is the distance fallen measured in meters, g is the acceleration due to gravity measured in 
m/s2, and t is the time of travel measured in seconds. Re-arranged, this formula can be used to find the 
acceleration of a free-falling object due to gravity: 
 

𝑔 = 2𝑑
𝑡2⁄  

 
The g by Free Fall apparatus provides a release mechanism for a steel ball which will start a timer at 
the instant it starts to fall and a sensor which will stop the timer when the ball lands. The values can be 
inserted into the formula to calculate the value of the acceleration due to gravity, g. 
 
Because the force required to accelerate an object increases as mass increases, and the force of 
gravity increases as mass increases, mass does not affect the acceleration of an object in freefall. To 
demonstrate this effect two ball bearings of different sizes and weights are supplied. 
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1. Hold the release unit in a clamp holder by gripping the mounting rod and position it about 40 cm 
above the bench. 

2. If using the Millisecond Timer sold by Arbor Scientific, make sure the switch is set to “Mode 2 – 
Gate 1 start, Gate 2 stop”. Regardless of timer used, ensure the release mechanism starts the 
timer and the base plate stops the timer. 

3. Connect the release unit to the START terminals of the timer with the longer 4mm banana plug 
leads as shown. 

4. Connect the base plate to the STOP terminals with 4mm leads. 

5. Gently squeeze the “ears” together and place the ball bearing between the sockets. When the 
“ears” are released, the ball is supported and completes the circuit to the timer. 

6. Measure the distance between the bottom of the ball and the top of the base plate—this is 
distance d in the formula and needs to be in meters (i.e., 0.42m for 42 cm). 

7. Press the timer RESET button on the timer to zero the display. 

8. The apparatus is now ready to start data collection.  

 
On paper or in a spreadsheet, record the distance and time measurements for 10 trials. Calculate g for 
each trial using the equation below and take the average and standard deviation of the total. 
 

𝑔 = 2𝑑
𝑡2⁄  

 
The best way to minimize errors, if time allows, is to repeat this process for several values of d between 
10 and 100 cm. 
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Error: 
There are errors in every system. All errors originate from measurement of distance d, the release of 
the ball, and electronic errors in the detector plate and timer itself. In general, the significance of the 
errors decreases as the distance fallen increases. Distances less than 10cm should be avoided. 
 
Error in the release unit may stem from not squeezing the “ears” quickly or smoothly enough, causing 
the contacts to stay closed for a duration while the ball starts to fall. This changes the values of d and 
thus introduces error in the calculation. One way to remedy this is to slightly tilt the release unit as 
shown below. This allows the ball to fall cleanly away from the stationary contact which has a concave 
surface to keep the ball in place. Use of the Swivel Clamp (66-4500) allows for the entire release unit to 
be tilted. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

 
g Ball (P4-4000) Want to help your students to really wrap their minds around how falling objects 
behave? Then the g Ball is exactly what you're looking for. It gives students a hands-on way to better 
understand the difficult concept of acceleration due to gravity. 
 
Vertical Acceleration Demonstrator (P3-3520) The Vertical Acceleration Demonstrator illustrates a 
concept that is crucial for understanding projectile motion: that the acceleration due to gravity only 
affects an object's vertical motion. 
 
Newton Scale (PX-1090) The Newton Scale, the size of your average bathroom scale, is a great tool to 
use when determining the differences and similarities between mass and weight. Students can weigh 
objects or persons and is calibrated in Newtons. 
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