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Math as a Human Pursuit

The Mathematics of Roller Coasters

Have you ever ridden a roller coaster?  If you have, I’m sure you can recall the wind hitting your face, the moment your stomach drops as you descend the first hill, and the overall rush that it provides.  Well, did you ever wonder how all of that was possible?  It is all because of the world of mathematics and physics.  The conservation of energy is the reason roller coasters function without any mechanics besides the first hill.  The height of the first hill determines how much energy is in this system. 

Roller coasters originated in the 1600's in Russia.  They were not like today's roller coasters; they were large slides made of ice.  People would ride down on sleds made of wood or ice, and at the end of the slide there would be sand to slow the sled down.  This quickly became popular and spread to France.  There was one problem with this plan however, the climate in France was much warmer than that in Russia and the slides quickly melted.  This led to a modification.  The Frenchman began making the slides out of waxed wood and using wooden wheeled carts to navigate down them.  After several accidents, tracks were installed on the slides to keep the carts from derailing. 

Roller coasters were brought to America in the late 1900s.  Railroads would build amusement parks at the end of their tracks and used switchback trains as a ride to increase business.  Shortly after, there were several advances in the safety of roller coasters.  Cars became fixed to the track and this enabled the tracks to have steeper hills and the cars to move at a faster pace.  In 1959, Disney introduced the first steel rollercoaster which led to the roller coasters we see today.  

You may find yourself asking, "How did someone think of that?"  Roller coasters are simply an application of several mathematical forces that have been discovered and studied for several hundreds of years.  Scientists as far back as Galileo knew of the mechanics that fuel the roller coasters of today.  Newton used these concepts and expanded on them by including two very important principles, force and acceleration.  Newton brought about many advances in the field of calculus; which can be used to analyze and construct functioning roller coasters.  Energy and gravity also play a very important role in roller coasters.  These two factors are the primary 'fuel' for the system.

Energy allows the roller coaster to function.  There are two types of energy that are necessary: potential energy and kinetic energy.  Kinetic energy is energy of motion.  It is the energy a body has due to its motion and is equal to half the mass times its speed squared (
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).  This would mean that an object with higher mass, moving at the same speed as an object of lower mass has more kinetic energy.  Kinetic energy is present in the roller coaster from the time the cart begins descending the first hill until the cart is completely stopped by the breaks at the end.  

Potential energy is not as simple to explain.  Potential energy is energy of position (
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).  The object has energy as it relates to the position of the object in relation to the ground or the position of the particles within the object.  While the cart is perched on the top of the first hill, its potential energy is the highest that it will be throughout the system.  The amount of potential and kinetic energy in the system is inversely related.  
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As the potential energy decreases, the kinetic energy increases however, the amount of energy in the system remains constant as long as no other forces interact on the system.  The engine to take the cart to the top of the hill and the brakes at the end are forces that act upon the system and change the amount of energy present by transferring it from the engine to the cart or the cart to the brakes.  However, for the rest of the roller coaster ride the amount of energy in the system can be modeled by the equation:  
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, where i represents initial and f represents final.  The First Law of Thermodynamics states that energy is always conserved; it cannot be created or destroyed.  In this system, the amount of energy remains constant.  The energy converts from potential energy into kinetic energy and then from kinetic energy back to potential energy.  The cart will have a high amount of potential energy at the top of each hill and a very low amount of kinetic energy.  At the bottom or the valleys, the cart will have a low amount of potential energy, because it is close to the ground and a high amount of kinetic energy as it is moving quickly.
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With this in mind, when the roller coaster is at the bottom of the first hill, it should have enough energy to make it back up a hill of equal height.  This is not possible.  One may say, "It is not supposed to lose energy," however there are other forces acting on the cart.  These forces can cause the cart to slow down.  With ideal conditions, ones in which the only forces acting are those specific to the falling object, the cart would be able to make it back up the hill without any added energy.  So what happens to the energy?  Forces such as wind resistance and friction slow the cart down and impact the ability to make it back up the hill.  When roller coasters are constructed, the engineer takes these forces into account and makes each hill must shorter than the hill before it.  

If someone was to look at the conservation of energy equation they might notice that mass is present in all of the different parts of the equation, both potential and kinetic energy, initially and at the end.  Once a roller coaster has reached the point where the conservation of energy is used, starting at the first hill, then the mass will not change for this system. A person will not suddenly jump off of the roller coaster nor will anybody jump in. Since different people ride the coaster, the mass will change with each ride, but individual rides will remain the same. The mass does not really affect how the roller coaster runs. The velocity will remain the same as will the height. Essentially, as long as they were looking at the entire equation, someone could cross out mass and solve the equation without it. This would only work however if they were looking for a height or velocity. 

In order to gain a full understanding of the mathematics behind roller coasters, one would have to delve deep into the world of calculus and physics.  One would have to study forces such as gravity, friction, wind resistance, etc.  There is a force called a G force.  This is not the force of gravity, however it is a measure of what you feel when you are at a particular position.  When you are sitting in the earth's gravitational field, you are feeling one G.  You may experience positive, negative, or even zero G force.  A negative G force is felt when the seat is pushing up on your body, at this point it feels as though your body is pushing down on the seat, however the seat is moving upward and is therefore pushing you.  When you are falling in mid-air, you would not feel any Gs.  This is all taken into consideration when a roller coaster is designed.  The engineer does not want the passenger to feel too many Gs, as it is felt as pressure.  This pressure could make the passenger feel uncomfortable.  

Another of the several forces acting on the cart is friction.  Friction is the rubbing of one object on another.  This causes the cart to slow down.  In the original roller coasters, there was an added friction.  This friction was caused by the addition of sand at the end of the roller coaster.  The breaks on our roller coasters add enough friction to ultimately stop the cart.  

Roller coasters have long fascinated thrill seekers and mathematicians alike.  Our fascination has led to extravagant, well designed roller coasters that provide safe exhilarating entertainment.  Designing roller coasters has become an art, with its artists trying to provide the most intense experience for their riders.  The mathematics behind the roller coaster helps them in this.  They also keep its passengers safe.  So keep your roller coaster from derailing, do the math.
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