
Conservation of Angular Momentum 
I. Introduction 

The angular momentum, denotes as L, is defined as the cross product of the distance 𝑟 and momentum 𝑝, the 
expression is as below: 

L = 𝑟 × 𝑝 = 𝑚(𝑟 × �⃗�) 

This formula can also be expressed by the product of rotational inertia I and angular velocity . The direction 
of the angular momentum depends on the direction of angular velocity. We can explain the definition in the 
formula below: 

L = Iω 

In a system which has a net torque of 0, the sum of angular momentum of each object will keep conservative. 
Take an example, in this experiment, we drop a disk or ring on a rotation disk. The system can be considered 
with a zero-net torque. This is because when dropping, the torque on the disk or ring is opposite with the 
torque on the rotation disk. Therefore, the angular momentum doesn’t change and we call that angular 
momentum conservative. The formula expression is as follow: 

L = 𝐼 𝜔 = 𝐼 𝜔  

In this formula, 𝐼  represents the initial rotational inertia and 𝐼  represents the final rotational inertia. 𝜔  

represents the initial angular velocity and 𝜔  represents the final rotational angular velocity. 

In this lab, we are going to prove this theory. Dropping a ring and a disk onto the rotation disk, by calculating 
the initial angular momentum and the final angular momentum and compare each other, we can find the answer. 
If the difference of the two momentum is within the range of possible error, then the conservation of 
momentum is verified. 

However, the rotational kinetic doesn’t keep conservative during the experiment. The rotational kinetic energy 
can be calculated by: 

K =
1

2
𝐼𝜔  

The rotational kinetic energy depends on the rotational inertia and the angular momentum. By comparing 
initial and final rotational kinetic energy, we can check the difference between the two kinetic energy. 

 

 

II. Theory 

The angular momentum of an isolated system remains constant in both magnitude and direction. In this 
experiment, ignore the friction torque of the rotational motion sensor, we can regard the system as an isolated 
system. When the disk is rotating at an initial angular velocity, according to the rotational inertia formula, we 
can write the equation: 

𝐿 = 𝐼 𝜔 =
1

2
𝑀𝑅 𝜔  

As the pulley will also rotate with the same angular velocity, we can write the formula in this way: 

𝐿 = ∑ 𝐼 𝜔 = 𝐼 + 𝐼 𝜔 = (𝑀 𝑅 + 𝑀 𝑅 )𝜔   ………………   Eq.1 



Use the Rotary Motion Sensor, we can easily get the initial angular velocity 𝜔 , and then calculate the initial 
angular momentum. 

When dropping a ring onto the rotating disk, the two objects will finally rotate at the same angular velocity 
𝜔 . Therefore, we can calculate the final angular momentum by the expression below: 

𝐿 = 𝐼 𝜔  

The final angular momentum equals the sum of the angular momentum of the pulley, the disk and the ring. As 
the same way to calculate the initial angular momentum: 

𝐿 + 𝐿 =
1

2
(𝑀 𝑅 + 𝑀 𝑅 )𝜔  

For the ring, we can know that when rotating around the center, its rotational inertia 𝐼  is: 

𝐼 =
1

2
𝑀 (𝑅 + 𝑅 ) 

However, when dropping it on the disk, actually it will be slightly out of center. Therefore, the real rotational 
inertia should be: 

𝐼 =
1

2
𝑀 𝑅 + 𝑅 + 𝑀 𝑥  

𝑥 represents the distance from the center of ring towards the rotation center. 

𝐿 = 𝐼 𝜔  

Add up all the final angular momentum of each objects, we can have: 

                       𝐿 = 𝐿 + 𝐿 + 𝐿  

                           = 𝑀 𝑅 + 𝑀 𝑅 + 𝑀 𝑅 + 𝑅 + 𝑀 𝑥 𝜔   ……  

Eq.2 

Compare 𝐿  and 𝐿 , then we can verify the conservation of angular momentum. 

As for the rotational kinetic energy, we have the equation to calculate: 

K =
1

2
𝐼𝜔  

By summing up the rotational kinetic energy of each objects, we can get the initial and final rotational kinetic 
energy: 

𝐾 =
1

2
𝐼 𝜔 =

1

4
(𝑀 𝑅 + 𝑀 𝑅 )𝜔  

     𝐾 = 𝐼 𝜔 = [𝑀 𝑅 + 𝑀 𝑅 + 𝑀 𝑅 + 𝑅 + 𝑀 𝑥 ]𝜔   …………   

Eq.3 

Using the formula showing above, after data collection, it’s easy to compare the initial and final data. 

 

 

III. Setup 



 

Fig.1 Complete Setup                          Fig.2 Attach the pulley and the disk 

 

Fig.3 Use balance to measure the mass         Fig.4 Use caliper to measure the radii 

 

1. Use the balance measuring the mass of the pulley, the disk and the ring. Use the caliper to measure the radii 
of the pulley and the disk. Write down the inner and outer radii of the ring. 

2. Mount the Rotary Motion Sensor to a support rod and connect it to the 550 Universal Interface and computer 
software.  

3. Attach the pulley and the disk to the Rotary Motion Sensor.   

4. Level the disk by placing a level on the disk and use the adjustable feet on the stand to center the bubble in 
two perpendicular directions.  

 

 

IV. Procedure 

1. Level check 

Place the ring on top of the disk so it is off center enough for the edge of the ring to be tangent to the edge of 
the disk. If the disk is not level, it will rotate under the force of gravity. Therefore, the torque of gravity will 
not balance with the torque of the support force, and that violates the basic condition of conservation of the 
angular momentum. Although in fact we cannot make it absolutely ideal, we should try to make the condition 
closer to the isolated system. Therefore, the level check is necessary. 

 

1) Place the ring on top of the disk so it is off center enough for the edge of the ring to be tangent to the edge 



of the disk.  

2) Give a slow spin to the disk so it is rotating about once a second. Use the computer software to record about 
3-5 seconds and then stop to record. 

3) Take a look at the graph generated by the computer software. The Level Check (Ang. Speed vs time) graph 
look like Figure below. As we can see, there were some small bumps, but not a periodic change caused by the 
ring speeding up when going downhill and slowing on the uphill portion of its rotation.  

4) Make sure the disk is level and take away the ring prepare for the next step. 

 

Fig.5 Place the ring on the disk                                         Fig.6 Level check graph 

 

2. Ring Run  

Dropping from too high causes a large vertical force on the bearing which produces a spike in the frictional 
drag and results in a torque which decreases the angular momentum. However, it is also critical that your 
fingers are clear of the ring when it strikes the spinning disk. 

 

1) Give the disk a clockwise spin (20-30 rad/s) and start collecting data. After about two seconds of data has 
been taken, drop the ring onto the spinning disk from about 2mm to 3mm height. After another two seconds, 
stop collecting data.  

2) Measure the minimum distance between the ring and the edge of the disk. Put a piece of paper on the disk 
tangent to the ring.  Run fingers over the paper along the edge of the disk.  This will mark the paper and allow 
accurate measurement. When looking above, the diagram looks like this: 

 

 

                                                        minimum distance   

Then we can calculate x using: 

𝑥 = 𝑅 − 𝑅 − (minimum distance)   ……………………………………   Eq.4 

3) Repeat more times and write down the data. 



                                                                      

Fig.7 Ring Run sample                                                                                                                  Fig.8 Disk Run sample 

 

3. Disk Run 

The friction between the two disks are too small that it’s easy for dropped disk to rush out of the spinning disk. 
While doing the experiment, try to drop the disk on the center so that the displacement will be smaller and the 
data will be more accurate. As the initial angular velocity is not constant, we don’t need to take the average. 
Through the data analysis, just take the best experiment. 

1) Take a second disk and use the balance to measure its mass. Next, we will call the disk on the sensor #Disk 
1 and the second disk #Disk 2. 

2) Give #Disk 1 a clockwise spin (20-30 rad/s) and start collecting data. After about two seconds of data has 
been taken, drop #Disk 2 onto the spinning #Disk 1 from about 2mm to 3mm height. After another two seconds, 
stop collecting data.  

3) Repeat more times and write down the data. 

 

 

V. Data forms and figures 

1. Error estimated 

In this experiment, we collected: radius (measured by caliper), displacement (measured by caliper), mass 
(measured by balance) and angular velocity (measured by Rotary Motion Sensor). 

1) Radius and Displacement 

The radii were measured by calipers, so the resolution is 0.05mm. Then the estimated error is 0.025mm, which 
is half of the smallest division. 

δR = 0.025 mm 

 



                                         

Fig.9 Caliper                                                                                                               Fig.10 Balance 

 

2) Mass 

The mass of each objects was measured by the balance. The smallest division is 0.01g, therefore, the estimated 
error is 0.005g. 

δM = 0.005 g 

3) Angular velocity 

 

Fig.11 Parameter of Rotary Motion Sensor 

As we can see in this table, the estimated error of the rotary motion sensor should be: 

𝛿𝜔 =
0.09°

360°
× 2𝜋 = 0.00157 𝑟𝑎𝑑/𝑠 

 

2. Raw Data 

1) Object Data 

The data of mass and radius of each object in this table is the average of three measurements. Consider only 
the ring has inner radii, the other objects have zero inner radii. 

Object Mass (g) ±5×10-3g Rin (cm) ±2.5×10-3cm Rout (cm)± 2.5×10-3cm 
Pulley 6.97 2.6 0 
Ring 469.21 3.825 2.6725 
Disk1 120.30 4.765 0 
Disk2 120.13 4.765 0 

Data table.1 Object data (includes the basic information, such as mass and radius) 



2) Minimum Distance: 

Experiment Minimum Distance (cm) ±2.5×10-3cm 
Ring Run 1 0.9425 
Ring Run 2 0.9075 
Ring Run 3 0.8925 
Disk Run 0.8910 

Data table.2 Minimum distance data 

3) Collision Data 

Object Initial angular velocity (rad/s) Final angular velocity (rad/s) 
 

Ring 
21.756 ± 0.00157 4.773 ± 0.00157 
18.567 ± 0.00157 4.114 ± 0.00157 
23.232 ± 0.00157 5.068 ± 0.00157 

Disk 31.793 ± 0.00157 14.995 ± 0.00157 
Data table.3 Collision data (includes the initial and final angular velocity) 

2. Analyzed Data 

In the following calculation, we calculate the difference between the initial data and the final data by the 
formula: 

𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 =
𝑓𝑖𝑛𝑎𝑙 𝑣𝑎𝑙𝑢𝑒 − 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑣𝑎𝑙𝑢𝑒

𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑣𝑎𝑙𝑢𝑒
 

1) Displacement Data 

We have already known the outer radii of the ring and the radii of disk 1 and disk 2. Therefore, we can calculate 
the displacement 𝑥 by using the formula: 

                              𝑥 = 𝑅 − 𝑅 − (minimum distance)  ……………………………………  Eq.4 

Experiment number x (cm) ±2.5×10-3cm 
Ring Run 1 0.0025 
Ring Run 2 0.0325 
Ring Run 3 0.0475 
Disk Run 0.0490 

Data table.4 Displacement data 

2) Rotational Inertia and Angular Momentum Data 

a) Estimated error of 𝐼  and 𝐼  

𝐼 = (𝑀 𝑅 + 𝑀 𝑅 )   ………………………………………   Eq.5 

The partial differentiation of 𝐼 : 

 = 𝑅 ; = 𝑅 ; = 𝑀 𝑅 ; = 𝑀 𝑅  

 

𝐼 = 𝑀 𝑅 + 𝑀 𝑅 + 𝑀 𝑅 + 𝑅 + 𝑀 𝑥    ………………………   

Eq.6 

The partial differentiation of 𝐼 : 

= 𝑅 ; = 𝑅 ; = 𝑅 + 𝑅 + 𝑥 ; = 𝑀 𝑅 ; =



𝑀 𝑅 ; = 𝑀 𝑅 ; = 𝑀 𝑅 ; = 2𝑀 𝑥  

 

Therefore, the propagation error is: 

δ𝐼 = (δ𝑀 ) ( ) + (δ𝑀 ) ( ) + (δ𝑅 ) ( ) + (δ𝑅 ) ( )   

     ≈ 1.44 𝑔 ∙ 𝑐𝑚  

 

δ𝐼 = [ δ𝑀 + (δ𝑀 ) + δ𝑀 + δ𝑅 +

(δ𝑅 ) + (δ𝑅 ) + (δ𝑅 ) + (δ𝑥) ]   

       ≈ 5.66 𝑔 ∙ 𝑐𝑚  

b) Estimated error of 𝐿  and 𝐿  

𝐿 = 𝐼 𝜔             𝐿 = 𝐼 𝜔  

From the error propagation formula: 

δ𝐿 = (𝛿𝐼 ) ( ) + (𝛿𝜔 ) ( ) = (𝛿𝐼 ) 𝜔 + (𝛿𝜔 ) 𝐼    ………………………   Eq.7 

δ𝐿 = (𝛿𝐼 ) ( ) + (𝛿𝜔 ) ( ) = (𝛿𝐼 ) 𝜔 + (𝛿𝜔 ) 𝐼    ………………………   Eq.8 

c) Estimated error of 𝐾  and 𝐾  

𝐾 = 𝐼 𝜔        𝐾 = 𝐼 𝜔  

From the error propagation formula: 

δ𝐾 = (𝛿𝐼 ) ( ) + (𝛿𝜔 ) ( ) = (𝛿𝐼 ) 𝜔 + (𝛿𝜔 ) (𝐼 𝜔 )    ………………………   Eq.9 

δ𝐾 = (𝛿𝐼 ) ( ) + (𝛿𝜔 ) ( ) = (𝛿𝐼 ) 𝜔 + (𝛿𝜔 ) (𝐼 𝜔 )    ………………………   Eq.10 

d) Angular Momentum Data 

Substitute the raw data to the Eq.1, Eq.2, Eq.5 and Eq.6 to calculate the initial angular momentum, the final 
angular momentum, the initial rotational inertia and the final rotational inertia (refer to the theory): 

 

Experiment Initial 
Rotational 
Inertia (gcm2) 
±1.44 gcm2 

Final 
Rotational 
Inertia (gcm2) 
±5.66 gcm2 

Initial Angular 
Momentum 
(gcm2/s) 

Final Angular 
Momentum 
(gcm2/s) 

Difference 
(%) 

Ring Run 1  
1389.28 

6497.31 30225.13 ± 6.72 31011.65 ± 26.40 2.6 
Ring Run 2 6497.80 25794.72 ± 6.24 26731.95 ± 24.39 3.6 
Ring Run 3 6498.36 32275.70 ± 6.94 32933.71 ± 27.28 2.0 
Disk Run 2758.95 44169.31 ± 8.12 41370.51 ± 31.91 -6.3 

Data table.5 Angular momentum data (includes the initial and final rotational inertia and angular momentum) 



 

e) Rotational Kinetic Energy Data 

Experiment Initial 
Rotational 
Inertia 
(gcm2) 
±1.44 gcm2 

Final 
Rotational 
Inertia 
(gcm2) 
±5.66 
gcm2 

Initial Rotational 
kinetic energy 
(gcm2/s2) 

Final Rotational 
kinetic energy 
(gcm2/s2) 

Difference 
(%) 

Ring Run 1  
1389.28 

6497.31 328788.96±338.52 72774.03±80.79 -77.9 
Ring Run 2 6497.80 239465.30±251.49 54987.62±63.68 -77.0 
Ring Run 3 6498.36 374914.57±391.89 83454.01±89.20 -77.7 
Disk Run 2758.95 702137.46±731.07 310175.39±639.63 -55.8 

Data Table.6 Rotational kinetic energy data (include the initial and final rotational inertia and kinetic energy) 

 

 

VI. Error analysis 

Here is the table showing the whole experiment: 

Experiment Angular Momentum Difference (%) Rotational Kinetic Energy Difference 
(%) 

Ring Run 1 2.6 -77.9 
Ring Run 2 3.6 -77.0 
Ring Run 3 2.0 -77.7 
Disk Run -6.3 -55.8 

Data Table.7 Total difference data (include the angular momentum and rotational kinetic energy difference) 

1. Error of angular momentum 

1) Ring Run error 

The three results were within the range of 5%, thus they are acceptable. However, from the data table above 
we can see that the difference is always positive, according to the difference calculation formula: 

𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 =
𝑓𝑖𝑛𝑎𝑙 𝑣𝑎𝑙𝑢𝑒 − 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑣𝑎𝑙𝑢𝑒

𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑣𝑎𝑙𝑢𝑒
 

We know that the final value is bigger than the initial value, which means that the angular momentum 
increased during the experiments of Ring Run. There are two reasons may cause this happen. 

a) The approximate estimation of the inertia of the pulley 

The pulley actually has a hollow recessed structure, but we just simplified it as a disk. If the inertia of the 
pulley change, the final results will change. 

b) The out rushing of disk while rotating 

When dropping on the disk, the ring will move outwards the disk. However, when we measure the 
displacement 𝑥 using the eq.4, we will calculate it through the minimum distance. Therefore, 𝑥 is smaller than 
the real number. 

When using eq.6 ( 𝐼 = 𝑀 𝑅 + 𝑀 𝑅 + 𝑀 𝑅 + 𝑅 + 𝑀 𝑥    ) to 

calculate the final angular momentum, it’s obvious that 𝐼  will be larger than the real value. Thus, this may 
cause the difference be positive. 



2. Error of rotational kinetic energy 

From the table above, we can find that the energy is losing. The rotational kinetic energy doesn’t stay 
conservative in this experiment, so the results are acceptable.  

 

 

VII. Improve proposals 

1. Ring Run experiment 

The ring is heavy enough so the friction is large. Therefore, the ring will not rush out of the rotating disk. 
When dropping the ring on the disk, we should notice that don’t hold the ring too high from the disk. Also, 
try to drop the ring at the center of the disk so that the error will be reduced. 

2. Disk Run experiment 

The disk has a less friction so when dropping, if it’s not at the center of rotating disk, it’s easy to rush out of 
the rotating disk. Therefore, we can use the bolt to correct the position. When dropping the bolt on the disk, it 
will limit the movement of the disk, and that will improve the accuracy. 

 

 

VIII. Conclusions 

1. The angular momentum is conservative in an isolated system. 

2. The rotational kinetic energy is not conservative during this experiment. 

 

 

 


