
Case Study 7 –Newton’s Cradle Conservation of Momentum and Energy 
 

Proposed Subject Usage: 
 

Physics A/S Level 
Sports Science (1st/2nd and 3rd year) 

Education Key Stage 4 + 
 

Objective 
 

• To demonstrate the conservation of momentum and energy using Newton’s Cradle 
 

Introduction 
 
Newton’s Cradle 
 
 
Newton’s cradle consists of 5 metal balls suspended by bifilaments, to keep the movement in 
one plane. Each ball is set up so that at rest each ball is in contact with an adjacent ball. When 
an end ball is taken out of rest and pulled away, and released it swings as a pendulum and hits 
the next ball. At contact with this ball the energy and momentum from the first ball is 
transmitted through the three balls at rest to the final ball on the other end. The transferred 
energy and momentum cause this ball to be propelled with the same velocity as the first ball. 
If two or more balls are pulled up and let go, the same number of balls will be propelled from 
the end of the resting balls. 
 
Momentum 
 
Momentum is defined as Mass multiplied by velocity.  
 

Momentum = Mass X Velocity 
 

P = Mass X Velocity 
 

 
 
Conservation of Momentum 
 
Conservation of momentum states that the momentum of a system remains constant assuming 
there are no frictional forces. Loss of energy is due to friction, heat and sound. 
For example  
A collision occurring between snooker ball 1 and snooker ball 2 in an isolated system, the total 
momentum of the two objects before the collision is equal to the total momentum of the two 
objects after the collision. The momentum lost by ball 1 is equal to the momentum gained by 
ball 2. 

 
. 
 
 
 
 
 

        
 



Method 
Newton’s cradle was filmed at 100Hz using a Basler camera for 30 seconds, with a number of 
different starting conditions. Each video was then calibrated and each ball automatically 
digitised. Butterworth filters were then applied to smooth the data. The mass of the ball was 
also measured so that P (Momentum) can be calculated. 

 
Mass of the ball = 22g 

  Mass of ball = 0.022Kg 
 

 
 

Figure 1: Experimental Set-up of the Newton’s Cradle During the 1 ball Trial. 
 
 

 
 

Angular displacement is calculated by measuring the angle to the Vertical from the Ball Centre 
of Mass (COM) to Pivot 1 COM 

        
 



 
Quintic Angular Analysis: Angular velocity of Ball 1 during trial 1 

Exported from Quintic Biomechanics v14. 

 
Quintic Angular Analysis: Angular velocity of Ball 5 during Trial 1. 

Exported from Quintic Biomechanics v14. 
 

 
Quintic Angular Analysis: Angular Displacement of Ball 1 during trial 1 

Exported from Quintic Biomechanics v14. 
 

 
 

Quintic Angular Analysis: Angular Displacement of Ball 5 during trial 1 
Exported from Quintic Biomechanics V14 

Trial 1 

        
 



 
Trial one consisted of starting the pendulum by pulling ball one away from the resting pack and 
releasing it. The cradle was then filmed until movement had stopped.  
Tables 1 and 2 show the angle of both ball 1 and 5 to the vertical, the velocity of both balls and 
their momentum during the first 2 swings. The highlighted figures in yellow represent the point 
at which the moving ball strikes the static balls. During the first swing maximum momentum 
for ball one during its descent was 7.472, after making contact with the at rest balls, momentum 
and energy are transferred through the system causing ball5 to move and reach a maximum 
momentum value of 7.515. Table 2 and figure 2 represent ball’s 5 descent back into the ‘at rest 
balls’ (swing 2). Table 2 shows that ball 5 reaches a maximum momentum of 7.47 at frame 51 
before hitting the at rest balls, and ball 1 reaches maximum a momentum of 7.16 at frame 55. 
Figures 1 and 2 show the corresponding still frames. 
 

Ball 1 Ball 5 

Frame Angle (º) Velocity (deg/sec)
Mass 
(Kg) Momentum (Kg.m/s) Angle (º) Velocity (deg/sec) 

Mass 
(Kg) Momentum (Kg.m/s)

14 15.41 310.70 0.022 6.835 .26 .00 0.022 0.000 
15 12.22 316.68 0.022 6.967 .26 .00 0.022 0.000 
16 9.08 339.64 0.022 7.472 .26 .00 0.022 0.000 
17 5.43 337.40 0.022 7.423 .26 12.90 0.022 0.284 
18 2.33 258.44 0.022 5.686 .52 91.11 0.022 2.004 
19 .26 142.64 0.022 3.138 2.08 220.88 0.022 4.859 
20 .52 38.89 0.022 0.856 4.94 313.41 0.022 6.895 
21 .52 12.84 0.022 0.283 8.35 341.61 0.022 7.515 
22 .78 25.92 0.022 0.570 11.77 334.92 0.022 7.368 
23 1.04 25.92 0.022 0.570 15.05 316.77 0.022 6.969 
24 1.30 13.25 0.022 0.292 18.10 289.11 0.022 6.360 

                                 Table 1  
 

 
Figure 1 

 
 
 
 
 
 
 
 

Ball 1 Ball 5 

        
 



Frame Angle (º) Velocity (deg/sec) Mass (Kg) Momentum (Kg.m/s) Angle (º) Velocity (deg/sec) Mass (Kg) Momentum (Kg.m/s)
48 .52 .00 0.022 0.000 16.70 -292.76 0.022 -6.441 
49 .52 .00 0.022 0.000 13.66 -300.00 0.022 -6.600 
50 .52 .00 0.022 0.000 10.70 -318.58 0.022 -7.009 
51 .52 .00 0.022 0.000 7.29 -339.94 0.022 -7.479 
52 .52 -51.85 0.022 -1.141 3.90 -299.20 0.022 -6.582 
53 .52 -155.47 0.022 -3.420 1.30 -195.02 0.022 -4.291 
54 2.59 -259.60 0.022 -5.711 .00 -78.12 0.022 -1.719 
55 5.71 -324.46 0.022 -7.138 .26 -26.04 0.022 -0.573 
56 9.08 -325.52 0.022 -7.161 .52 -13.02 0.022 -0.286 
57 12.22 -316.68 0.022 -6.967 .52 -13.02 0.022 -0.286 
58 15.41 -294.38 0.022 -6.476 .78 -13.02 0.022 -0.286 
59 18.11 -269.18 0.022 -5.922 .78 -13.02 0.022 -0.286 

 
Table 2 

 

 
                                                  Figure 2 

 
Trial 2 
 
Trial two consisted of starting the pendulum by 2 balls. The cradle was then filmed until 
movement had stopped. Tables 3 and 4 show the angle of balls 1,2,4 and 5 to the vertical, the 
velocity the balls are travelling at and their maximum momentum during the first 2 swings. The 
highlighted figures yellow represent the point at which the moving balls strike the static balls. 
During the first swing maximum momentum for ball 1 and 2 during its descent were 6.022 and 
6.546 respectively, after making contact with the at rest balls, momentum and energy are 
transferred through the system causing balls 4 and 5 to move and reach maximum momentum 
values of 6.264 and 6.364 respectively. Table 4 and figure 4 represent balls 4 and 5 descent 
back into the ‘at rest balls’ (swing 2). Table 4 shows that balls 4 and 5 reach maximum 
momentums of 6.350 and 6.215 at frames 53 and 54 respectively before hitting the at rest balls. 
Balls 1 and 2 reach maximum momentum values of 5.756 and 6.015 at frames 58 and 57  
 
 
 
 
 
 
 
 
 

        
 



 Ball 1 Ball 2 Mass Ball 1 Ball 2 Ball 4 Ball 5 Mass Ball 4 Ball 5 
Frame Velocity Velocity (Kg) Momentum Momentum Velocity Velocity (Kg) Momentum Momentum

16 253.18 275.99 .02 5.570 6.072 38.36 38.95 .02 0.844 0.857 
17 252.55 286.88 .02 5.556 6.311 38.37 38.89 .02 0.844 0.855 
18 263.09 297.55 .02 5.788 6.546 25.64 25.92 .02 0.564 0.570 
19 273.72 297.54 .02 6.022 6.546 38.71 26.21 .02 0.852 0.577 
20 208.05 246.11 .02 4.577 5.414 103.23 78.28 .02 2.271 1.722 
21 116.88 142.30 .02 2.571 3.131 194.11 195.80 .02 4.270 4.308 
22 65.45 51.64 .02 1.440 1.136 259.39 274.54 .02 5.707 6.040 
23 39.46 25.79 .02 0.868 0.567 284.73 289.28 .02 6.264 6.364 
24 39.20 38.65 .02 0.862 0.850 273.30 265.56 .02 6.013 5.842 
25 52.24 38.62 .02 1.149 0.850 246.33 243.51 .02 5.419 5.357 
26 39.87 25.71 .02 0.877 0.566 236.51 247.39 .02 5.203 5.442 
27 39.95 26.98 .02 0.879 0.593 230.89 235.65 .02 5.080 5.184 
 

Table 3 
 

 
Figure 3 

 
 
 

 Ball 1 Ball 2 Mass Ball 1 Ball 2 Ball 4 Ball 5 Mass Ball 4 Ball 5 
Frame Velocity Velocity (Kg) Momentum Momentum Velocity Velocity (Kg) Momentum Momentum

50 -26.04 -51.72 .02 -0.573 -1.138 -251.50 -255.82 .02 -5.533 -5.628 
51 -26.04 -64.72 .02 -0.573 -1.424 -258.91 -279.09 .02 -5.696 -6.140 
52 -26.04 -51.80 .02 -0.573 -1.140 -269.10 -288.65 .02 -5.920 -6.350 
53 -38.89 -39.05 .02 -0.855 -0.859 -282.50 -287.92 .02 -6.215 -6.334 
54 -77.69 -77.71 .02 -1.709 -1.710 -257.50 -260.06 .02 -5.665 -5.721 
55 -156.14 -155.31 .02 -3.435 -3.417 -167.41 -156.22 .02 -3.683 -3.437 
56 -233.44 -246.82 .02 -5.136 -5.430 -64.70 -38.63 .02 -1.423 -0.850 
57 -258.98 -273.41 .02 -5.698 -6.015 -38.64 -13.01 .02 -0.850 -0.286 
58 -261.62 -247.42 .02 -5.756 -5.443 -37.93 -26.42 .02 -0.835 -0.581 
59 -254.10 -236.43 .02 -5.590 -5.201 -37.78 -26.00 .02 -0.831 -0.572 
60 -241.74 -226.08 .02 -5.318 -4.974 -38.40 -25.99 .02 -0.845 -0.572 
61 -225.90 -213.48 .02 -4.970 -4.697 -12.79 -38.96 .02 -0.281 -0.857 

Table 4 

        
 



 
Table 4 

Trial 3 
 
Trial three consisted of starting the pendulum by pulling ball one, two and three away from the 
resting pack and releasing it. The cradle was then filmed until movement had stopped. Tables 5 
and 6 show the angle of balls 1,2,3,4 and 5 to the vertical, the velocity the balls are travelling at 
and their momentum during the first 2 swings. The highlighted figures in yellow represent the 
point at which the moving balls strike the static balls. During the first swing maximum 
momentum for ball 1 and 2 during its descent were 6.642 and 6.823 respectively, after making 
contact with the at rest balls, momentum and energy are transferred through the system causing 
balls 4 and 5 to move and reach maximum momentum values of 6.045 and 6.387 respectively. 
Table 6 and figure 6 represent balls 4 and 5 descent back into the ‘at rest balls’ (swing 2). Table 
6 shows that balls 4 and 5 reach maximum momentums of 6.246 and 7.181 at frame 52 before 
hitting the at rest balls. Balls 1 and 2 reach maximum momentum values of 5.260 and 6.295 at 
frames 59 and 56. 
 
 

 Ball 1 Ball 2 Ball 3 Ball 4 Ball 5 Mass Ball 1 Ball 2 Ball 3 Ball 4 Ball 5 
Frame Velocity Velocity Velocity Velocity Velocity (Kg) Momentum Momentum Momentum Momentum Momentum

15 278.11 275.76 250.94 76.66 39.06 .02 6.118 6.067 5.521 1.686 0.859 
16 278.21 273.85 261.82 76.65 52.09 .02 6.121 6.025 5.760 1.686 1.146 
17 301.89 284.96 273.58 51.15 91.13 .02 6.642 6.269 6.019 1.125 2.005 
18 286.56 310.12 272.58 64.23 78.09 .02 6.304 6.823 5.997 1.413 1.718 
19 221.17 284.40 297.02 128.38 90.98 .02 4.866 6.257 6.535 2.824 2.001 
20 130.18 219.84 298.43 193.21 168.50 .02 2.864 4.837 6.566 4.251 3.707 
21 52.05 142.97 286.24 258.14 248.45 .02 1.145 3.145 6.297 5.679 5.466 
22 26.01 104.11 272.85 272.96 290.31 .02 0.572 2.290 6.003 6.005 6.387 
23 39.64 91.55 261.40 274.77 265.34 .02 0.872 2.014 5.751 6.045 5.838 
24 39.69 78.58 254.03 274.44 243.28 .02 0.873 1.729 5.589 6.038 5.352 
25 26.08 78.79 249.27 252.34 247.12 .02 0.574 1.733 5.484 5.552 5.437 
26 39.09 65.90 238.15 235.81 235.33 .02 0.860 1.450 5.239 5.188 5.177 

 
Table 5 

 

        
 



 
Figure 5 

 
  Ball 1 Ball 2 Ball 3 Ball 4 Ball 5   Ball 1 Ball 2 Ball 3 Ball 4 Ball 5 

Frame Velocity Velocity Velocity Velocity Velocity Mass Momentum Momentum Momentum Momentum Momentum
50 -78.11 -64.35 -251.13 -272.10 -277.97 0.022 -1.718 -1.416 -5.525 -5.986 -6.115 
51 -91.14 -51.53 -261.58 -283.47 -303.22 0.022 -2.005 -1.134 -5.755 -6.236 -6.671 
52 -104.13 -51.57 -259.47 -283.89 -326.42 0.022 -2.291 -1.134 -5.708 -6.246 -7.181 
53 -91.04 -90.30 -258.63 -283.15 -285.76 0.022 -2.003 -1.987 -5.690 -6.229 -6.287 
54 -117.81 -194.05 -258.59 -243.91 -182.24 0.022 -2.592 -4.269 -5.689 -5.366 -4.009 
55 -195.41 -272.63 -271.27 -180.39 -64.67 0.022 -4.299 -5.998 -5.968 -3.969 -1.423 
56 -249.04 -286.12 -283.86 -116.18 -12.54 0.022 -5.479 -6.295 -6.245 -2.556 -0.276 
57 -249.89 -272.62 -286.09 -76.74 -39.42 0.022 -5.498 -5.998 -6.294 -1.688 -0.867 
58 -249.70 -248.59 -265.68 -78.08 -52.45 0.022 -5.494 -5.469 -5.845 -1.718 -1.154 
59 -239.10 -237.85 -244.35 -76.29 -38.96 0.022 -5.260 -5.233 -5.376 -1.678 -0.857 
60 -229.76 -241.18 -233.22 -74.48 -38.92 0.022 -5.055 -5.306 -5.131 -1.639 -0.856 
61 -216.93 -232.60 -216.93 -50.57 -38.90 0.022 -4.772 -5.117 -4.772 -1.112 -0.856 

Table 6 
 

 
Figure 6 

 
 
 
 
 

        
 



Trial 4 
 
Trial four consisted of starting the pendulum by pulling four balls away from the static and 
releasing them. The cradle was then filmed until movement had stopped. Tables 7 and 8 show 
the angle of balls 1,2,3,4 and 5 to the vertical, the velocity the balls are travelling at and their 
momentum during the first 2 swings. The highlighted figures yellow represent the point at 
which the moving balls strike the static balls. During the first swing maximum momentum for 
ball 1 and 2 during its descent were 6.313 and 6.230 respectively, after making contact with the 
at rest balls, momentum and energy are transferred through the system causing balls 4 and 5 to 
move and reach maximum momentum values of 5.669 and 5.790 respectively. Table 8 and 
figure 8 represent balls 4 and 5 descent back into the ‘at rest balls’ (swing 2). Table 8 shows 
that balls 4 and 5 reach maximum momentums of 5.948 and 6.302 at frames 48 and 49 before 
hitting the at rest balls. Balls 1 and 2 reach maximum momentum values of 5.757 and 6.412 at 
frame 53. 
 
 

 Ball 1 Ball 2 Ball 3 Ball 4 Ball 5   Ball 1 Ball 2 Ball 3 Ball 4 Ball 5 
Frame Velocity Velocity Velocity Velocity Velocity Mass Momentum Momentum Momentum Momentum Momentum

12 262.82 260.06 238.18 271.17 78.07 0.022 5.782 5.721 5.240 5.966 1.717 
13 261.31 258.39 248.59 268.63 78.11 0.022 5.749 5.685 5.469 5.910 1.718 
14 274.65 258.37 259.30 269.53 91.14 0.022 6.042 5.684 5.705 5.930 2.005 
15 286.94 270.33 271.46 283.15 91.12 0.022 6.313 5.947 5.972 6.229 2.005 
16 247.26 283.17 271.43 269.51 129.98 0.022 5.440 6.230 5.971 5.929 2.860 
17 156.85 271.32 272.63 257.13 208.65 0.022 3.451 5.969 5.998 5.657 4.590 
18 91.81 258.70 273.18 257.69 248.33 0.022 2.020 5.691 6.010 5.669 5.463 
19 78.01 247.85 259.72 246.92 263.18 0.022 1.716 5.453 5.714 5.432 5.790 
20 79.20 237.34 264.17 223.98 252.49 0.022 1.742 5.222 5.812 4.928 5.555 
21 79.16 240.91 253.79 227.68 230.74 0.022 1.742 5.300 5.583 5.009 5.076 
22 66.48 216.11 229.63 227.90 222.31 0.022 1.463 4.754 5.052 5.014 4.891 
23 66.44 204.25 221.17 199.59 218.85 0.022 1.462 4.493 4.866 4.391 4.815 

 
Table 7 
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  Ball 1 Ball 2 Ball 3 Ball 4 Ball 5   Ball 1 Ball 2 Ball 3 Ball 4 Ball 5 
Frame Velocity Velocity Velocity Velocity Velocity Mass Momentum Momentum Momentum Momentum Momentum

46 -104.78 -249.84 -225.82 -251.85 -240.32 0.022 -2.305 -5.496 -4.968 -5.541 -5.287 
47 -104.68 -247.67 -248.96 -259.32 -252.55 0.022 -2.303 -5.449 -5.477 -5.705 -5.556 
48 -91.13 -245.86 -259.86 -270.35 -275.95 0.022 -2.005 -5.409 -5.717 -5.948 -6.071 
49 -78.12 -270.98 -259.64 -269.88 -286.45 0.022 -1.719 -5.962 -5.712 -5.937 -6.302 
50 -117.11 -270.63 -258.66 -269.51 -260.12 0.022 -2.576 -5.954 -5.690 -5.929 -5.723 
51 -182.85 -257.78 -258.66 -269.35 -195.20 0.022 -4.023 -5.671 -5.690 -5.926 -4.294 
52 -235.82 -245.38 -259.64 -256.82 -129.93 0.022 -5.188 -5.398 -5.712 -5.650 -2.858 
53 -261.70 -245.99 -259.86 -246.70 -103.68 0.022 -5.757 -5.412 -5.717 -5.427 -2.281 
54 -235.16 -245.53 -259.01 -233.86 -90.50 0.022 -5.174 -5.402 -5.698 -5.145 -1.991 
55 -224.05 -234.52 -250.94 -221.59 -91.73 0.022 -4.929 -5.160 -5.521 -4.875 -2.018 
56 -226.40 -224.21 -228.30 -207.93 -91.63 0.022 -4.981 -4.933 -5.023 -4.574 -2.016 
57 -201.07 -215.41 -216.80 -211.21 -79.01 0.022 -4.423 -4.739 -4.770 -4.647 -1.738 

                              
Table 8 

 

 
                                                 Figure 8 

 
Summary 
 
In summary to illustrate whether the Newton’s cradle does demonstrate conservation of linear 
momentum, the total momentum of the active balls was calculated before and after contact with 
static balls. Total momentum was calculated by adding together the individual velocities of 
each ball to gain the total active velocity this total was then multiplied by the mass to calculate 
total momentum. Total momentum was also used to individual ball momentums within the 
system can vary widely so by calculating the total momentum and velocity the likelihood of 
error is reduced. 

 
Table 9 illustrates the total momentum values through swing 1, trial 1 (the yellow highlighted 
row in each table represents contact point with the static balls). Peak momentum for ball 1 
occurs 4 frames before contact with the static balls with a value of 5.98, after contact with the 
static balls, momentum transfers through the system to ball 5. Ball 5 reaches its peak 
momentum of 5.56 3 frames after ball 1 contacted the static pack. This trial demonstrated a 
92% efficient transfer of momentum through the system 
 
 
 
 
 
 

        
 



Trial 1 
 

Frame Velocity Total Velocity Total 
  Ball 1(deg/sec) Momentum Ball 5 (deg/sec) Momentum 

14 299.14 5.98 7.60 0.15 
15 298.18 5.96 21.56 0.43 
16 277.65 5.55 52.93 1.06 
17 237.87 4.76 101.19 2.02 
18 187.76 3.76 157.15 3.14 
19 140.07 2.80 208.56 4.17 
20 101.78 2.04 246.75 4.93 
21 73.89 1.48 269.36 5.39 
22 54.27 1.09 278.54 5.57 
23 40.81 0.82 277.87 5.56 
24 31.56 0.63 270.57 5.41 

Table 9 
 
Table 10 illustrates the total momentum values through swing 1, trial 2. Peak momentum for 
the active balls occurs 5 frames before contact with the static balls with a value of 20.60, after 
contact with the static balls, momentum transfers through the system to ball 4 and 5. Balls 4 and 
5 reach their peak momentum of 18.54 3 frames after balls 1 and 2 originally contacted the 
static pack. This trial demonstrated a 90% efficient transfer of momentum through the system. 
 
 
Trial 2 

  Velocity Velocity Sum (1&2) Sum (1&2) Velocity Velocity Sum (4&5) Sum (4&5) 
Frame Ball 1 Ball 2 Velocity Momentum Ball 4 Ball 5 Total Velocity Momentum 

16 243.71 271.24 514.95 20.60 34.27 37.93 72.20 2.89 
17 241.42 270.01 511.43 20.46 45.56 45.02 90.58 3.62 
18 225.54 253.25 478.79 19.15 69.39 66.17 135.56 5.42 
19 196.56 220.11 416.67 16.67 105.44 102.45 207.89 8.32 
20 161.01 177.80 338.81 13.55 146.63 145.19 291.82 11.67 
21 127.34 136.85 264.19 10.57 183.64 183.36 366.99 14.68 
22 100.40 103.89 204.30 8.17 210.15 210.13 420.28 16.81 
23 81.03 79.69 160.72 6.43 225.19 225.60 450.79 18.03 
24 67.19 61.66 128.85 5.15 231.15 232.31 463.45 18.54 
25 57.59 47.54 105.13 4.21 230.84 231.60 462.43 18.50 
26 50.74 35.56 86.31 3.45 225.95 224.42 450.37 18.01 
27 45.83 24.91 70.74 2.83 217.51 212.22 429.73 17.19 

Table 10 
 
 
Table 11 illustrates the total momentum values through swing 1, trial 3. Peak momentum for 
the active balls occurs 3 frames before contact with the static balls with a value of 47.74, after 
contact with the static balls, momentum transfers through the system to ball 3,4 and 5. Balls 3, 
4 and 5 reach their peak momentum of 44.04 2 frames after balls 1, 2 and 3 originally contacted 
the static pack. This trial demonstrated a 92% efficient transfer of momentum through the 
system. 
 
 
 
 

        
 



 
Trial 3 

  Velocity Velocity Velocity Sum (1,2&3) Sum (1,2&3) Velocity Velocity Velocity Sum (3,4&5)
Sum 

(3,4&5) 
Frame Ball 1 Ball 2 Ball 3 Velocity Momentum Ball 3 Ball 4 Ball 5 Total Velocity Momentum

15 265.40 267.35 249.76 782.51 46.95 249.76 70.05 56.27 376.08 22.57 
16 262.62 273.14 259.95 795.71 47.74 259.95 77.59 67.55 405.10 24.31 
17 244.27 268.76 269.40 782.43 46.95 269.40 96.39 85.98 451.77 27.11 
18 210.71 251.30 276.09 738.10 44.29 276.09 125.72 114.40 516.22 30.97 
19 169.77 222.84 279.02 671.63 40.30 279.02 160.37 149.83 589.23 35.35 
20 130.97 190.37 277.71 599.04 35.94 277.71 192.69 183.95 654.34 39.26 
21 100.01 159.99 273.61 533.61 32.02 273.61 218.08 209.28 700.97 42.06 
22 77.77 134.51 267.83 480.10 28.81 267.83 234.19 224.59 726.61 43.60 
23 62.95 113.97 260.69 437.61 26.26 260.69 241.42 231.95 734.06 44.04 
24 54.03 96.55 251.98 402.55 24.15 251.98 241.68 233.55 727.21 43.63 
25 49.15 81.19 240.98 371.32 22.28 240.98 237.17 230.41 708.56 42.51 
26 46.05 66.85 227.71 340.61 20.44 227.71 229.30 222.75 679.76 40.79 

Table 11 
 
 
 
Table 12 illustrates the total momentum values through swing 1, trial 4. Peak momentum for 
the active balls occurs 1 frame before contact with the static balls with a value of 88.95. After 
contact with the static balls, momentum transfers through the system to ball 2, 3, 4 and 5. Balls 
2, 3, 4 and 5 reach their peak momentum of 82.63 1 frame after balls 1, 2, 3 and 4 originally 
contacted the static pack. This trial demonstrated a 92% efficient transfer of momentum through 
the system. 
 
Trial 4 
 

          Sum Sum         Sum Sum 
  Velocity Velocity Velocity Velocity (1,2,3&4) (1,2,3&4) Velocity Velocity Velocity Velocity (2,3,4&5) (2,3,4&5)

Frame Ball 1 Ball 2 Ball 3 Ball 4 Velocity Momentum Ball 2 Ball 3 Ball 4 Ball 5 Total Velocity Momentum
12 262.82 260.06 238.18 271.17 1032.22 82.58 260.06 238.18 271.17 78.07 665.48 53.2384 
13 261.31 258.39 248.59 268.63 1036.92 82.95 258.39 248.59 268.63 78.11 673.44 53.8752 
14 274.65 258.37 259.3 269.53 1061.85 84.95 258.37 259.3 269.53 91.14 711.12 56.8896 
15 286.94 270.33 271.46 283.15 1111.88 88.95 270.33 271.46 283.15 91.12 736.85 58.948 
16 247.26 283.17 271.43 269.51 1071.37 85.71 283.17 271.43 269.51 129.98 800.9 64.072 
17 156.85 271.32 272.63 257.13 957.92 76.63 271.32 272.63 257.13 208.65 947.05 75.764 
18 91.81 258.7 273.18 257.69 881.38 70.51 258.7 273.18 257.69 248.33 1027.54 82.2032 
19 78.01 247.85 259.72 246.92 832.5 66.60 247.85 259.72 246.92 263.18 1032.99 82.6392 
20 79.2 237.34 264.17 223.98 804.69 64.38 237.34 264.17 223.98 252.49 993.13 79.4504 
21 79.16 240.91 253.79 227.68 801.55 64.12 240.91 253.79 227.68 230.74 942.95 75.436 
22 66.48 216.11 229.63 227.9 740.13 59.21 216.11 229.63 227.9 222.31 902.14 72.1712 
23 66.44 204.25 221.17 199.59 691.44 55.32 204.25 221.17 199.59 218.85 858.45 68.676 

Table 12 

        
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

        
 



Conservation of Energy 
 
Newton’s cradle also demonstrates conservation of energy; the Kinetic and potential energy of 
the balls can be calculated by using the following equation: 
 

KE = m*v2/2 
KE = Kinetic Energy 
m = Mass 
V = Velocity 

PE = mgh 
 

PE = Potential Energy 
m = Mass 
g = Gravitational Constant 
h = Displace vertical height 

 
Vertical displacement of the ball is calculated by measuring the maximum height of the balls 
COM to a line that runs through the balls static COM. Point of maximum height and velocity 
were calculated by exporting the data, from Quintic v14 Linear Analysis. The Gravitational 
constant was taken as 9.81, and the mass of the balls was measured as 0.022Kg 
 
Trial one consisted of starting the pendulum by pulling ball one away from the resting pack and 
releasing it. The cradle was then filmed until movement had stopped.  
Appendix A shows the kinetic and potential energy of the five balls throughout the first 
pendulum swing. Graph 1 illustrates the tabular data from appendix A. 
 
The Graph shows that at the start of the swing, ball one has a potential energy value of 0.005J, 
and a kinetic energy value of 0.0001.As the ball begins to descend down its arc, potential 
energy decreases as it is being converted in to kinetic energy. This is known as an inverse 
relationship, as one value increases the other decreases. As energy cannot be created or 
destroyed the potential energy is converted into kinetic energy. 
 

 
Experimental Set up 

 
Graph 1 also demonstrates that during the first swing the cradles total energy remains constant, 
throughout the downswing of ball 1 and the upswing of ball 5, demonstrating that conservation 
of energy took place and balls 11 energy was transferred through the static balls into ball 5. The 
graph does demonstrate a decrease in system total energy 3 / 4 frames before contact and 3 / 4 
frames after contact this is due to a smoothing error in the data. If the experiment continued we 
would expect to see the same kinetic energy and potential energy relation ships, although 
kinetic potential and total system energy values would decrease due to the energy lost through 
heat sound and frictional forces.  
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Graph 1: Kinetic Energy, Potential Energy and the Total System Energy during swing 1 
 

Frame Number Total System Kinetic Energy Total System Potential Energy System Total Energy  
2 0.0001 0.0053 0.0054 
3 0.0002 0.0052 0.0054 
4 0.0003 0.0051 0.0054 
5 0.0006 0.0049 0.0054 
6 0.0008 0.0046 0.0054 
7 0.0012 0.0042 0.0054 
8 0.0015 0.0038 0.0053 
9 0.0019 0.0034 0.0053 

10 0.0023 0.0030 0.0053 
11 0.0027 0.0025 0.0053 
12 0.0031 0.0021 0.0052 
13 0.0035 0.0017 0.0052 
14 0.0038 0.0013 0.0051 
15 0.0038 0.0010 0.0049 
16 0.0035 0.0008 0.0043 
17 0.0030 0.0007 0.0037 
18 0.0026 0.0007 0.0033 
19 0.0026 0.0007 0.0033 
20 0.0030 0.0008 0.0037 
21 0.0034 0.0009 0.0043 
22 0.0036 0.0012 0.0048 
23 0.0035 0.0015 0.0050 
24 0.0033 0.0019 0.0052 
25 0.0029 0.0024 0.0053 
26 0.0025 0.0028 0.0054 
27 0.0021 0.0033 0.0054 
28 0.0017 0.0037 0.0054 
29 0.0013 0.0042 0.0055 
30 0.0010 0.0045 0.0055 
31 0.0007 0.0048 0.0055 
32 0.0004 0.0051 0.0055 
33 0.0002 0.0053 0.0055 
34 0.0001 0.0054 0.0055 
35 0.0000 0.0054 0.0055 
36 0.0000 0.0055 0.0055 

        
 



Future Studies 
 
Future studies should investigate whether Newton’s cradle still demonstrates the laws of 
momentum and energy conservation if the following set-ups are used. 
 

• Series of different size balls, with the same mass. 
• Series of balls with different masses 
• Different pendulum lengths. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

        
 



APPENDIX A 
 

 

          Ball 1       
Frame  Vertical ∆ Vertical Height    Kinetic  Potential Total  

Number Velocity Height (Vertical –static) Mass Gravity Energy  Energy Energy  
2 0.08 0.05 0.02 0.022 9.81 0.0001 0.0050 0.0051 
3 0.13 0.05 0.02 0.022 9.81 0.0002 0.0048 0.0051 
4 0.17 0.05 0.02 0.022 9.81 0.0003 0.0046 0.0052 
5 0.22 0.05 0.02 0.022 9.81 0.0005 0.0044 0.0052 
6 0.27 0.05 0.02 0.022 9.81 0.0008 0.0041 0.0052 
7 0.32 0.05 0.02 0.022 9.81 0.0011 0.0037 0.0052 
8 0.37 0.05 0.02 0.022 9.81 0.0015 0.0034 0.0052 
9 0.41 0.04 0.01 0.022 9.81 0.0019 0.0030 0.0053 
10 0.46 0.04 0.01 0.022 9.81 0.0023 0.0025 0.0053 
11 0.50 0.04 0.01 0.022 9.81 0.0027 0.0021 0.0052 
12 0.53 0.04 0.01 0.022 9.81 0.0031 0.0017 0.0052 
13 0.57 0.04 0.01 0.022 9.81 0.0035 0.0013 0.0051 
14 0.59 0.03 0.00 0.022 9.81 0.0038 0.0009 0.0047 
15 0.59 0.03 0.00 0.022 9.81 0.0038 0.0006 0.0040 
16 0.55 0.03 0.00 0.022 9.81 0.0034 0.0004 0.0030 
17 0.49 0.03 0.00 0.022 9.81 0.0026 0.0002 0.0020 
18 0.40 0.03 0.00 0.022 9.81 0.0017 0.0002 0.0011 
19 0.30 0.03 0.00 0.022 9.81 0.0010 0.0001 0.0006 
20 0.20 0.03 0.00 0.022 9.81 0.0005 0.0001 0.0003 
21 0.14 0.03 0.00 0.022 9.81 0.0002 0.0001 0.0002 
22 0.09 0.03 0.00 0.022 9.81 0.0001 0.0001 0.0002 
23 0.07 0.03 0.00 0.022 9.81 0.0000 0.0001 0.0002 
24 0.05 0.03 0.00 0.022 9.81 0.0000 0.0001 0.0001 
25 0.04 0.03 0.00 0.022 9.81 0.0000 0.0001 0.0001 
26 0.03 0.03 0.00 0.022 9.81 0.0000 0.0001 0.0001 
27 0.03 0.03 0.00 0.022 9.81 0.0000 0.0001 0.0001 
28 0.02 0.03 0.00 0.022 9.81 0.0000 0.0001 0.0001 
29 0.01 0.03 0.00 0.022 9.81 0.0000 0.0001 0.0001 
30 0.01 0.03 0.00 0.022 9.81 0.0000 0.0001 0.0001 
31 0.00 0.03 0.00 0.022 9.81 0.0000 0.0001 0.0001 
32 0.01 0.03 0.00 0.022 9.81 0.0000 0.0001 0.0001 
33 0.01 0.03 0.00 0.022 9.81 0.0000 0.0001 0.0002 
34 0.02 0.03 0.00 0.022 9.81 0.0000 0.0001 0.0001 
35 0.02 0.03 0.00 0.022 9.81 0.0000 0.0001 0.0001 
36 0.02 0.03 0.00 0.022 9.81 0.0000 0.0001 0.0001 

 
 
 
 
 
 
 
 
 
 

        
 



    Ball 2     
Frame  Vertical ∆ Vertical Height   Kinetic Potential Total 

Number Velocity Height (Vertical –static) Mass Gravity Energy Energy Energy 
2 0.01 0.03 0.00 0.02 9.81 0.0000 0.0001 0.0001 
3 0.01 0.03 0.00 0.02 9.81 0.0000 0.0001 0.0001 
4 0.02 0.03 0.00 0.02 9.81 0.0000 0.0001 0.0001 
5 0.02 0.03 0.00 0.02 9.81 0.0000 0.0001 0.0002 
6 0.02 0.03 0.00 0.02 9.81 0.0000 0.0001 0.0002 
7 0.03 0.03 0.00 0.02 9.81 0.0000 0.0001 0.0002 
8 0.03 0.03 0.00 0.02 9.81 0.0000 0.0001 0.0001 
9 0.03 0.03 0.00 0.02 9.81 0.0000 0.0001 0.0001 

10 0.03 0.03 0.00 0.02 9.81 0.0000 0.0001 0.0001 
11 0.03 0.03 0.00 0.02 9.81 0.0000 0.0001 0.0001 
12 0.03 0.03 0.00 0.02 9.81 0.0000 0.0001 0.0001 
13 0.02 0.03 0.00 0.02 9.81 0.0000 0.0001 0.0001 
14 0.02 0.03 0.00 0.02 9.81 0.0000 0.0001 0.0001 
15 0.02 0.03 0.00 0.02 9.81 0.0000 0.0001 0.0001 
16 0.02 0.03 0.00 0.02 9.81 0.0000 0.0001 0.0001 
17 0.02 0.03 0.00 0.02 9.81 0.0000 0.0001 0.0002 
18 0.02 0.03 0.00 0.02 9.81 0.0000 0.0002 0.0002 
19 0.02 0.03 0.00 0.02 9.81 0.0000 0.0002 0.0002 
20 0.02 0.03 0.00 0.02 9.81 0.0000 0.0002 0.0002 
21 0.02 0.03 0.00 0.02 9.81 0.0000 0.0002 0.0002 
22 0.02 0.03 0.00 0.02 9.81 0.0000 0.0002 0.0002 
23 0.02 0.03 0.00 0.02 9.81 0.0000 0.0002 0.0002 
24 0.02 0.03 0.00 0.02 9.81 0.0000 0.0002 0.0002 
25 0.01 0.03 0.00 0.02 9.81 0.0000 0.0001 0.0001 
26 0.01 0.03 0.00 0.02 9.81 0.0000 0.0001 0.0001 
27 0.01 0.03 0.00 0.02 9.81 0.0000 0.0001 0.0001 
28 0.01 0.03 0.00 0.02 9.81 0.0000 0.0001 0.0001 
29 0.01 0.03 0.00 0.02 9.81 0.0000 0.0002 0.0002 
30 0.01 0.03 0.00 0.02 9.81 0.0000 0.0002 0.0002 
31 0.01 0.03 0.00 0.02 9.81 0.0000 0.0002 0.0002 
32 0.01 0.03 0.00 0.02 9.81 0.0000 0.0002 0.0002 
33 0.01 0.03 0.00 0.02 9.81 0.0000 0.0002 0.0002 
34 0.01 0.03 0.00 0.02 9.81 0.0000 0.0002 0.0002 
35 0.00 0.03 0.00 0.02 9.81 0.0000 0.0002 0.0002 
36 0.00 0.03 0.00 0.02 9.81 0.0000 0.0002 0.0002 

 
 
 
 
 
 
 
 
 
 
 
 
 

        
 



    Ball 3     
Frame   ∆ Vertical Height   Kinetic Potential Total 

Number Velocity Vertical (Vertical –static) Mass Gravity Energy Energy Energy 
2 0.02 0.03 0.00 0.02 9.81 0.0000 0.0002 0.0002 
3 0.01 0.03 0.00 0.02 9.81 0.0000 0.0002 0.0002 
4 0.01 0.03 0.00 0.02 9.81 0.0000 0.0002 0.0002 
5 0.00 0.03 0.00 0.02 9.81 0.0000 0.0002 0.0002 
6 0.01 0.03 0.00 0.02 9.81 0.0000 0.0002 0.0002 
7 0.01 0.03 0.00 0.02 9.81 0.0000 0.0001 0.0001 
8 0.01 0.03 0.00 0.02 9.81 0.0000 0.0001 0.0001 
9 0.02 0.03 0.00 0.02 9.81 0.0000 0.0001 0.0001 
10 0.02 0.03 0.00 0.02 9.81 0.0000 0.0001 0.0001 
11 0.03 0.03 0.00 0.02 9.81 0.0000 0.0001 0.0002 
12 0.03 0.03 0.00 0.02 9.81 0.0000 0.0001 0.0002 
13 0.04 0.03 0.00 0.02 9.81 0.0000 0.0002 0.0002 
14 0.04 0.03 0.00 0.02 9.81 0.0000 0.0002 0.0002 
15 0.04 0.03 0.00 0.02 9.81 0.0000 0.0002 0.0002 
16 0.03 0.03 0.00 0.02 9.81 0.0000 0.0002 0.0002 
17 0.03 0.03 0.00 0.02 9.81 0.0000 0.0002 0.0002 
18 0.02 0.03 0.00 0.02 9.81 0.0000 0.0002 0.0002 
19 0.02 0.03 0.00 0.02 9.81 0.0000 0.0001 0.0001 
20 0.01 0.03 0.00 0.02 9.81 0.0000 0.0001 0.0001 
21 0.00 0.03 0.00 0.02 9.81 0.0000 0.0001 0.0001 
22 0.01 0.03 0.00 0.02 9.81 0.0000 0.0001 0.0001 
23 0.01 0.03 0.00 0.02 9.81 0.0000 0.0001 0.0001 
24 0.02 0.03 0.00 0.02 9.81 0.0000 0.0002 0.0002 
25 0.01 0.03 0.00 0.02 9.81 0.0000 0.0002 0.0002 
26 0.02 0.03 0.00 0.02 9.81 0.0000 0.0002 0.0002 
27 0.02 0.03 0.00 0.02 9.81 0.0000 0.0003 0.0003 
28 0.03 0.03 0.00 0.02 9.81 0.0000 0.0002 0.0003 
29 0.03 0.03 0.00 0.02 9.81 0.0000 0.0002 0.0002 
30 0.04 0.03 0.00 0.02 9.81 0.0000 0.0002 0.0002 
31 0.04 0.03 0.00 0.02 9.81 0.0000 0.0001 0.0001 
32 0.03 0.03 0.00 0.02 9.81 0.0000 0.0001 0.0001 
33 0.03 0.03 0.00 0.02 9.81 0.0000 0.0001 0.0001 
34 0.03 0.03 0.00 0.02 9.81 0.0000 0.0001 0.0001 
35 0.02 0.03 0.00 0.02 9.81 0.0000 0.0001 0.0001 
36 0.02 0.03 0.00 0.02 9.81 0.0000 0.0002 0.0002 

 
 
 
 
 
 
 
 
 
 
 
 
 

        
 



    Ball 4     
Frame   ∆ Vertical Height   Kinetic Potential Total 

Number Velocity Vertical (Vertical –static) Mass Gravity Energy Energy Energy 
2 0.035 0.03 0.00 0.02 9.81 0.0000 -0.0001 -0.0001 
3 0.033 0.03 0.00 0.02 9.81 0.0000 -0.0001 -0.0001 
4 0.029 0.03 0.00 0.02 9.81 0.0000 0.0000 0.0000 
5 0.023 0.03 0.00 0.02 9.81 0.0000 0.0000 0.0000 
6 0.016 0.03 0.00 0.02 9.81 0.0000 0.0000 0.0000 
7 0.008 0.03 0.00 0.02 9.81 0.0000 0.0000 0.0000 
8 0.007 0.03 0.00 0.02 9.81 0.0000 0.0000 0.0000 
9 0.010 0.03 0.00 0.02 9.81 0.0000 0.0000 0.0000 
10 0.012 0.03 0.00 0.02 9.81 0.0000 0.0000 0.0000 
11 0.012 0.03 0.00 0.02 9.81 0.0000 -0.0001 -0.0001 
12 0.011 0.03 0.00 0.02 9.81 0.0000 -0.0001 -0.0001 
13 0.010 0.03 0.00 0.02 9.81 0.0000 -0.0001 -0.0001 
14 0.011 0.03 0.00 0.02 9.81 0.0000 -0.0001 -0.0001 
15 0.011 0.03 0.00 0.02 9.81 0.0000 0.0000 0.0000 
16 0.012 0.03 0.00 0.02 9.81 0.0000 0.0000 0.0000 
17 0.018 0.03 0.00 0.02 9.81 0.0000 0.0000 0.0000 
18 0.028 0.03 0.00 0.02 9.81 0.0000 0.0000 0.0001 
19 0.039 0.03 0.00 0.02 9.81 0.0000 0.0001 0.0001 
20 0.049 0.03 0.00 0.02 9.81 0.0000 0.0000 0.0001 
21 0.055 0.03 0.00 0.02 9.81 0.0000 0.0000 0.0001 
22 0.058 0.03 0.00 0.02 9.81 0.0000 0.0000 0.0001 
23 0.057 0.03 0.00 0.02 9.81 0.0000 0.0000 0.0000 
24 0.054 0.03 0.00 0.02 9.81 0.0000 0.0000 0.0000 
25 0.047 0.03 0.00 0.02 9.81 0.0000 0.0000 0.0000 
26 0.039 0.03 0.00 0.02 9.81 0.0000 0.0000 0.0000 
27 0.031 0.03 0.00 0.02 9.81 0.0000 0.0000 0.0000 
28 0.021 0.03 0.00 0.02 9.81 0.0000 0.0000 0.0000 
29 0.010 0.03 0.00 0.02 9.81 0.0000 0.0001 0.0001 
30 0.002 0.03 0.00 0.02 9.81 0.0000 0.0001 0.0001 
31 0.013 0.03 0.00 0.02 9.81 0.0000 0.0001 0.0001 
32 0.023 0.03 0.00 0.02 9.81 0.0000 0.0001 0.0001 
33 0.031 0.03 0.00 0.02 9.81 0.0000 0.0000 0.0000 
34 0.036 0.03 0.00 0.02 9.81 0.0000 0.0000 0.0000 
35 0.038 0.03 0.00 0.02 9.81 0.0000 0.0000 0.0000 
36 0.038 0.03 0.00 0.02 9.81 0.0000 -0.0001 -0.0001 

 
 
 
 
 
 
 
 
 
 
 

        
 



    Ball 5     
Frame   ∆ Vertical Height   Kinetic Potential Total 

Number Velocity Vertical (Vertical –static) Mass Gravity Energy Energy Energy 
2 0.02 0.03 0.00 0.02 9.81 0.0000 0.0002 0.0002 
3 0.02 0.03 0.00 0.02 9.81 0.0000 0.0002 0.0002 
4 0.02 0.03 0.00 0.02 9.81 0.0000 0.0002 0.0002 
5 0.02 0.03 0.00 0.02 9.81 0.0000 0.0002 0.0002 
6 0.03 0.03 0.00 0.02 9.81 0.0000 0.0002 0.0002 
7 0.03 0.03 0.00 0.02 9.81 0.0000 0.0001 0.0001 
8 0.02 0.03 0.00 0.02 9.81 0.0000 0.0001 0.0002 
9 0.02 0.03 0.00 0.02 9.81 0.0000 0.0002 0.0002 

10 0.02 0.03 0.00 0.02 9.81 0.0000 0.0002 0.0002 
11 0.02 0.03 0.00 0.02 9.81 0.0000 0.0002 0.0002 
12 0.01 0.03 0.00 0.02 9.81 0.0000 0.0002 0.0002 
13 0.01 0.03 0.00 0.02 9.81 0.0000 0.0002 0.0002 
14 0.02 0.03 0.00 0.02 9.81 0.0000 0.0002 0.0002 
15 0.04 0.03 0.00 0.02 9.81 0.0000 0.0002 0.0003 
16 0.09 0.03 0.00 0.02 9.81 0.0001 0.0002 0.0005 
17 0.18 0.03 0.00 0.02 9.81 0.0003 0.0001 0.0010 
18 0.28 0.03 0.00 0.02 9.81 0.0009 0.0002 0.0018 
19 0.38 0.03 0.00 0.02 9.81 0.0016 0.0002 0.0027 
20 0.47 0.03 0.00 0.02 9.81 0.0025 0.0003 0.0035 
21 0.53 0.03 0.00 0.02 9.81 0.0031 0.0005 0.0040 
22 0.56 0.03 0.00 0.02 9.81 0.0035 0.0008 0.0042 
23 0.56 0.04 0.01 0.02 9.81 0.0035 0.0011 0.0044 
24 0.54 0.04 0.01 0.02 9.81 0.0032 0.0015 0.0044 
25 0.51 0.04 0.01 0.02 9.81 0.0029 0.0019 0.0044 
26 0.48 0.04 0.01 0.02 9.81 0.0025 0.0023 0.0044 
27 0.44 0.04 0.01 0.02 9.81 0.0021 0.0028 0.0044 
28 0.39 0.04 0.01 0.02 9.81 0.0017 0.0032 0.0045 
29 0.34 0.05 0.02 0.02 9.81 0.0013 0.0036 0.0045 
30 0.29 0.05 0.02 0.02 9.81 0.0009 0.0040 0.0046 
31 0.24 0.05 0.02 0.02 9.81 0.0006 0.0043 0.0047 
32 0.19 0.05 0.02 0.02 9.81 0.0004 0.0046 0.0048 
33 0.14 0.05 0.02 0.02 9.81 0.0002 0.0048 0.0049 
34 0.09 0.05 0.02 0.02 9.81 0.0001 0.0050 0.0050 
35 0.03 0.05 0.02 0.02 9.81 0.0000 0.0050 0.0050 
36 0.02 0.05 0.02 0.02 9.81 0.0000 0.0050 0.0050 

 

        
 


