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Student difficulties in understanding the angular momentum of particles have been 

documented.1 Examples involving a child jumping on or off a merry-go-round are often 

used to illustrate a particle’s angular momentum. Analogous experiments have been 

suggested in which a ball collides completely inelastically2,3 with a catcher on the arm of a 

rotational apparatus or is launched4 from the arm. Although these experiments were done 

with homemade apparatuses, the collision experiment can now be performed with Pasco’s 

projectile launcher, low-friction rotating platform, and some accessories.5 A catcher6 was 

previously available for purchase from Pasco, but they have now made an STL file for a 

3D-printed version available online.7 We describe how to perform the other experiment, 

where a ball is fired from the beam, using the same rotating platform and a launcher based 

on a 3D-printed part.8  

The launcher that we designed is shown in figure 1, where the blue base is 3-D printed. 

It is attached to the T-shaped slot on the beam of Pasco’s rotating platform by two 3/4”-

long, 1/4-20 bolts with thumb screw knobs9 and 1/4-20 square nuts. A horizontal, partially-

threaded post 10 is attached to the base with nuts and washers.  A spring11 around the post 

is held in place by unwinding one end, pushing it through a small hole in the base, and  

bending it over. The projectile is a 1-inch diameter brass ball12 with a 0.175” hole drilled 

through its center. The ball is slid onto the post compressing the spring, and it is held in 

place by a strong string13 which is pinned down by a thumb screw 14 on each side. Notches 

were added to the post and ball to help keep the string from sliding off the ball. After the 

ball is loaded on the launcher, the string is burned to launch the ball with everything 
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initially at rest. Since angular momentum is conserved, the angular momenta of the ball 

should be the same size as that of the beam and the launcher, but in the opposite direction. 

Before performing the conservation of angular momentum experiment, the moment of 

inertia of the “beam” (really the beam and the shaft) is determined as described by Carr et 

al.15 They cover the theory and analysis very well, so we don’t repeat those here. The 

apparatus in reference 4 had the launcher permanently attached, so data was taken with it 

in place when determining the moment of inertia. Instead, we have our students take data 

to find the moment of inertia of the apparatus without the launcher, Ibeam, then calculate the 

total moment of inertia after the ball is fired using 

 𝐼 𝐼beam 𝑚launcher𝑟launcher, (1) 

where 𝑚launcher and 𝑟launcher are the launcher’s mass and the radial position of its center, 

respectively. This reinforces how moments of inertia combine for a compound system, and 

it is more convenient when students perform additional experiments with the same 

apparatus. The angular speed  just after the ball is launched is found from a linear fit to 

angular position vs. time data. The angular momentum associated with the rotation of the 

beam and launcher is 

 𝐿 𝐼𝜔. (2) 

The speed of the ball is determined by measuring the intial height h of the ball and the 

distance d  that it travels horizontally. Since the ball is initially moving horizontally, its 

initial speed is  

 𝑣 𝑑 𝑔 2ℎ⁄ . (3) 

The ball is lauched perpendicular to the beam, so its angular momentum about the axis is 

 𝐿ball 𝑚ball𝑟ball𝑣, (4) 
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where 𝑚ball  and 𝑟ball  are the ball’s mass and the radius from which it launches, 

respectively. (For our apparatus, 𝑟ball 𝑟launcher because the ball is centered on the 

launcher.) 

This conservation of angular momentum experiment has been successfully performed 

in our calculus-based, introductory physics laboratory. It takes considerable force to 

compress the springs when loading the launcher, so some students required assistance. Our 

students have observed conservation of angular momentum to within a few percent. The 

experiment compliments other angular-momentum experiments that our students perform 

with the apparatus and provides them with experience with determining a compound 

system’s moment of inertia and a particle’s angular momentum.  

 

Fig. 1. The launcher loaded with a ball and ready to fire. 
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