Abstract



The Newton’s Cradle is the name given to a 
system of 5 or 7 steel balls each suspended by two 
strings. The balls are arranged in line with each 
other. Despite its name, the Newton’s Cradle was 
not invented by Isaac Newton. It does, however, 
serve as an excellent example of the conservation 
of momentum and energy, both of which Newton 
contributed to greatly.  While the behavior of a 
Newton’s Cradle seems intuitive, there is actually a 
lot more going on than meets the eye. In fact, the 
exact mechanics of their operation is still debated 
to this day. I will keep it simple, using only the 
conservation laws to explain its function.



Background




Sir Isaac Newton was one of the greatest scientists and 
mathematicians that ever lived. He was born in England on 
December 25, 1643. His accomplishments laid the foundations 
for modern science and revolutionized the world. Two basic 
concepts in physics are the conservation of momentum, which 
states that the total momentum in an isolated system remains 
constant, and the conservation of energy, which states that the 
total energy in an isolated system remains constant. To make 
use of these laws we consider them in an isolated system. An 
isolated system implies a collection of matter which does not 
interact with the rest of the universe at all. No such system 
exists, but in order to focus on basic principles, it is useful to 
postulate such a system to clarify the nature of physical laws. In 
particular, the conservation laws can be presumed to be exact 
when referring to an isolated system.


We have talked about energy and momentum, but what 
exactly are they? Energy expressed in Joules, can be either 
kinetic, potential, or thermal energy. The total energy of a 
system is the sum of all these values. In this scenario we will 
only consider kinetic and potential energy. The formulas for 
these are:  			  

Where m  is mass in kg, V  is velocity in meters per second, g  is 
gravitational acceleration (9.8 m/), and h  is height in 
meters. Momentum(p) is equal to the mass of an object in kg 
multiplied by its velocity in meters per second. The formula for 
this is:				    
The other aspect besides the motion of the balls is the 
collision that occurs when the ball in motion strikes the 
stationary balls. For the Newton’s cradle to operate, this has to 
be an elastic collision. A perfectly elastic collision occurs 
between two objects when total energy is conserved. For a 
head-on elastic collision with stationary objects of equal mass, 
such as in a Newton’s Cradle, the projectile will come to a rest 
and the target will move off with equal velocity.
Procedure



To help visualize and understand these concepts I 
designed and built a Newton’s Cradle. This started with a 3D 
model and progressed to the final product that you see here. 
Using our model, we can do a wide variety of experiments by 
pulling back any number of the balls at various heights and 
observing the results. The most basic example is pulling back 
one ball on one side and letting it go. We see that the ball 
swings down colliding with the four stationary balls and causes 
the ball on the other end to shoot off in the same direction with 
the same speed. For simplicity, we will assign arbitrary values to 
the mass, velocity, and height of the balls. In our first example, 
if we were to pull back a ball of mass m=2 to a height of h=1 
then we would give it a potential energy of:

At this point the ball has no kinetic energy because its velocity 
is zero and therefore the total energy of the system is 19.6J. 
Once we release the ball, it will be accelerated by gravity until it 
is hanging straight down and is in contact with the next ball. 
At this point, all of its potential energy has been converted to 
kinetic energy and it now has a velocity V. To find this velocity 
we can use the kinetic energy equation. Since we know that 
energy has to be conserved, the total energy will still be 19.6J. 
But now potential energy is zero, so kinetic energy must be 
19.6J. Therefore:
                                         Solving for V gives us:

Now that we have velocity, we can calculate the momentum.

Due to the nature of elastic collision, the incoming ball will 
come to a stop and the energy will be transferred to the last 
ball which will move away with the same velocity. We can see 
from this that, since the velocity and mass of the outgoing ball 
is the same as the incoming was, energy and momentum has 
been conserved.




Conclusion



Why does the real life Newton’s Cradle eventually stop its 
motion? To model the balls’ motion using math, we made two 
assumptions: That the cradle operates as an isolated system, 
and that the collisions are perfectly elastic. Of course the 
Newton’s Cradle is not isolated from outside forces like wind 
resistance. Additionally, the collision is nearly elastic but not 
quite perfectly elastic. This means that some energy will be lost 
during the collision in the form of heat and sound. This energy 
lost to the environment will eventually cause all of the energy 
in the system to be dissipated and the balls will come to a stop.
There are many more scenarios that can be experimented 
with. For example, what if you pull back two balls? What if you 
pull back one ball on each side? What if balls of different mass 
were used? Due to limited space on the tri-fold I can’t walk 
through each scenario mathematically. However, you can use 
the model to experiment yourself and observe the outcome.
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