Application to Car Accidents

Newton's Laws of Motion: The Physics of Fraud

Brad Balentine / DMA Claims Services

Ever wish you had paid more attention in your high school physics class? Who knew that there would be more worth knowing about Isaac Newton than his having a fig cookie named after him. Okay, so that's just a rumor but there was definitely more to know that many of us would gladly dive into later in life. 

Sir Isaac Newton is one of history's most important and influential scientists. Among his numerous accomplishments is the formulation and description of the laws of motion. Today, over 300 years later, Newton's Three Laws of Motion are still major underlying principles in the subject of physics. 

In any automobile accident, these laws are immutable -they are always in force. Fortunately for those of us who investigate suspected fraudulent claims, it's safe to say that the vast majority of people we investigate do not have a college degree in physics and probably didn't even pay attention in high school. Thus, the details they give in their statements are often at variance with what could have actually happened. Therefore, it can be helpful to be familiar with these laws, and keep them in mind when asking questions about the movement of vehicles and bodies in an automobile accident. These laws act as silent witnesses that provide a form of testimony to help you assess the accuracy, and perhaps even the honesty, of a statement. 

When people are genuinely in an accident, they will usually provide an accurate description of the motion of their bodies during the event, as well was the motion of the vehicle. If they are faking it, they are likely to guess at what would have happened, and such guesses are often wrong. Having a familiarity with the Laws of Motion aids the fraud investigator and can save money in undue payouts. 

Newton's First Law of Motion The first law of motion can be stated as: An object at rest tends to stay at rest and an object in motion tends to stay in motion with the same speed and in the same direction unless acted upon by an external force. Using this law, one can learn something about the dynamics of an automobile accident. 

According to Law One, the body of an occupant in a stationary automobile will tend to stay at rest. That's no problem for the occupant, until another car comes along and hits the stationary vehicle, such as in a rear-end collision at a stoplight. The striking vehicle will tend to keep moving forward, and cause the stationary vehicle to also start moving forward. The hips and lower body of our unfortunate occupant are strapped in the seat and thus will move forward with the vehicle, while the occupant's head and upper torso, which are not as constrained, will tend to remain where they were. The net effect is that the occupant's head will appear to be thrown toward the rear of the vehicle when in actuality the car is being thrust forward. 

Based on these dynamics, we can establish a rule that in any auto accident, the upper body and head of the occupant will be "thrown" exactly toward the point of impact. As an example, if a car is hit from the right side in a side-impact collision, the occupants in that vehicle will be thrown toward the striking vehicle to their right. Of course, the occupants of the striking vehicle will be thrown forward as their point of impact would be at the front of that car. 

Many times when an adjuster takes a statement from someone who claims to have been in a side impact auto accident they are told that they were thrown forward by the impact. The stories get even more amusing when multiple occupants in the same car each give a different version of which way their bodies were thrown. 

Countless doctors bemoan how their poor patients were thrown violently forward by a rear-end impact. In reality, the rear impact would send the occupants' bodies into their cushioned seats and headrests as the primary motion. Unfortunately for the doctor, the truth of this situation makes for a less than dramatic medical report. 

When taking a statement, it helps to know the points of impact on each vehicle and to ask detailed questions about the motions of each body. If you keep this rule in mind as you go along, you can quickly see whether their version of the facts agrees with Mr. Newton. 

Newton's Second Law of Motion The second law of motion can be stated as: Force equals mass multiplied by acceleration. This law is evident when we observe that although a bullet doesn't weigh very much, it certainly transmits a great deal of force when discharged at a high speed from a gun. Similarly, a freight train has an enormous amount of mass, but it has no force when it's at a standstill. A car has a lot of mass. If it is moving at any sort of speed, it will impart a significant amount of force in any collision. 

In one example, an attorney was obviously unaware of this law when he elected to represent a burly school bus driver who claimed significant soft-tissue injuries. His client's school bus was rear-ended by a small Toyota. The Toyota was traveling at a low speed, sustained only minor damage and its driver was not injured. Thus, we have the relatively small mass of the Toyota, compared with the much larger mass of the bus, plus the factor of low speed. Taking all this into consideration, there would not be much force transmitted to the school bus, according to this second law of motion. Therefore, it's hard to believe that this claimant was injured, especially since none of the children sitting near the rear of the bus sustained any injuries-despite sitting much closer to the point of impact, and without benefit of seatbelts. 

Newton's Third Law of Motion The third law of motion can be stated as: For every action there is an equal and opposite reaction. Knowledge of this law is useful in the analysis of photographs of vehicles supposedly in the same accident. If two vehicles are of comparable size, then the extent of damage to each one should be roughly equivalent. 

If you take the time to do a side-by-side comparison of vehicle photographs in an accident claim, you may be surprised at what you find. In one case, a pickup truck allegedly rear-ended a Chevy van. The rear of the van was flat in shape, as are most vans, and had little visible damage. The damage to the front of the pick-up was only in the center of the bumper and it ran from the top of the hood to the bottom of the bumper, about two feet wide. Essentially, it was a perfect imprint of a telephone pole. You could almost imagine seeing the reverse lettering of "Property of AT&T" embedded in the dented grill of the truck. Anyone could see that there was no "equal and opposite reaction" in this case. There was no pole shaped protrusion on the back of the van that could have accounted for the shape of the damage to the truck. It was almost disappointing that they didn't try harder to fool us. Unfortunately, we regularly see cases which are almost this blatant. Possibly they figure that too many of us just won't bother to thoroughly examine each case. 

One area that can sometimes be overlooked in taking statements involves the movement of the vehicles in a collision after the impact. Experience shows that when people are making up a story about an accident, they don't work out all the details. They will often have a picture in their mind about how the "accident" happened. They will know what street they were supposedly driving on, where the other vehicle was coming from, and where the vehicles collided. As far as they are concerned, that's all the story they will need. They don't often think about how the vehicles would move after impact. 

If a person genuinely experiences an accident, they will generally be able to give an accurate account of the movement of the vehicles after impact. A person who is making things up might be surprised and become nervous about such questions. Chances are they have not thought ahead of time about all the questions they would be asked. This is especially true in the case of side impact accidents. 

In one side impact case, the person claimed that both vehicles stopped dead immediately after impact. Of course, that would be completely inconsistent with Newton's First Law of Motion. In actuality, both vehicles would tend to continue moving. 

In another case, a claimant was in a vehicle which had been struck on the side. When asked what direction her vehicle went after the impact, she claimed that it continued going straight. She "didn't remember" what the other vehicle did after the impact. Based on actual crash tests of side impact collisions, a vehicle hit on its left side would start moving to the right while also continuing to move forward. This accident showed the result of both cars having an equal and opposite reaction to the impact while they also tended to stay in motion. 

In one such test, the car hit on the left side immediately started moving sideways to its right while also turning counter-clockwise as it moved across the pavement. It ended up with both cars facing each other, nose to nose, about two car lengths away from the original point of impact. The nose of the car that was hit in the side was exactly facing toward the spot where the original impact occurred. I doubt that anyone would be able to accurately describe such a scene unless they had experienced it themselves. And, of course, that's the whole point. 

I would hope that if Sir Isaac Newton were alive today, he would be pleased to see the myriad of uses that have been found for his discoveries, including fighting insurance fraud. I'm not sure what he would think about the fig cookie thing, though. 

Brad Balentine is director- Special Investigations Unit for DMA Claims Services. He has over 20 years experience as a fraud investigator and manager. Mr. Balentine is a licensed private investigator and certified as a continuing education instructor. He can be reached at bbalentine@ dmaclaims.com.

Application to Skateboarding
Fly Like A Hawk - skateboarder Tony Hawk 
Science World,  by Nicole Dyer 
Skateboard legend Tony Hawk uses physics to land his daredevil skate stunts. 
It had never been done before. Not even Tony Hawk, perhaps the world's greatest skateboarder, had ever landed a front-side "900"--two-and-one-half midair somersaults (900 degrees of rotation)!--the pinnacle of all of skate stunts. Hawk, 33, wrestled with the stunt for 10 years--with nothing to show for it but a busted rib.
Then he headlined the 1999 ESPN X Games, the Olympic Games of extreme sports, where 8,000 screaming fans overflowed Mission Bay Park in San Francisco, Calif.
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All eyes were riveted on the lanky skate champ as he launched 1.5 meters (5 feet) off the rim of a half pipe--a hollow U-shaped ramp that's flat in the middle and curls skyward with steep walls. Midair he executed two-and-one-half warp-speed flips with the board tight at his feet. He flawlessly sailed back into the half pipe--and became the first skater in history to nail a perfect 900! The crowd went wild. "It was my greatest personal achievement," says Hawk.

"TRICK" PHYSICS The most awesome force in skateboarding is gravity, the force that pulls all things toward Earth. Gravity helps keep Hawk glued to his board and guarantees every air-bound trick returns to Earth. Gravity also helps him accelerate, or pick up speed, as he swoops down into the half pipe. Speed is critical for Hawk: the faster he goes, the higher he can soar out of the pipe--and the more seconds for his in-flight magic.
What's the first step Hawk must take to gain speed? Overcome inertia, the resistance of an object to a change in motion. According to Newton's first law of motion, an object at rest remains at rest unless acted upon by an outside force. That means Hawk needs to exert enough force to launch his body and board off the pipe's lip or edge. His leg muscles generate the force in the form of kinetic energy (energy of a moving object).
Another way Hawk amps up speed is a technique called pumping. As he glides across the ramp's flat bottom, called the transition, Hawk crouches low on his board. Then, as he nears the steep incline, he quickly bends his knees and straightens his legs. This raises Hawk's center of mass, the point where he perfectly balances the entire weight of his body, and increases his kinetic energy. More energy translates into lightning-speed maneuvers.

TWIST AND SHOUT The 900 may be Hawk's ultimate claim to fame: "I thought up the trick in 1986, but didn't have the guts to try it for 10 years." To master the stunt, Hawk endlessly practiced midair somersaults--which rely on angular momentum, or the moving power of a rotating object. At 1.5 m (5 ft) above the half pipe rim, Hawk has less than 2 seconds to complete two-and-one-half full flips. Rotating his legs beneath him--as his arms and torso rotate in the opposite direction--Hawk curls his body into a tight ball. He draws his weight closer to his axis of rotation (center point at which Hawk rotates), and hikes up his speed. It's the same principle used by twirling figure skaters when they perform their routines by pulling their arms close to their body. "The most dangerous thing to do is to panic and stop your spin in the middle of a trick," Hawk cautions. "You end up on your back!"
Naturally, what goes up must come down. The second part of Newton's first law of motion states that objects in motion stay in motion until acted on by an outside force. Hawk might soar skyward forever if not for gravity exerting a downward force on his body and board. Gravity's force reconnects Hawk and his board to the ramp.
Grasping the laws of physics may help you become a better skater, but Hawk also suggests using the laws of common sense. "When I try a trick I don't throw caution to the wind," he says. "I figure out the safest way to approach it, then practice until I can say, 'OK, this is the right way to do it.'"
Hawk officially retired from pro skating last year, but his skate career, along with his skateboard company and best-selling videogame (see "Tony Hawk's Pro Skater 2[TM]), has netted the legend more than $1 million! 

SKATEBOARD LEGEND TONY HAWK rockets off the half pipe to execute what he calls the "Stale Fish"--a midair front-of-the-board grab with one hand. The stunt is one of more than 100 daredevil tricks he's invented. Others include the "Madonna" (Hawk grabs the nose of his board in midair and kicks one leg out) and the "720 McHawk" (in midair Hawk flips twice with the board at his feet).
How does he do it? Practice! The California native started skateboarding at age 9. By 14, he ranked as the world's number one boarder and since then has nabbed more prizes than anyone. "Skateboarding keeps me motivated," Hawk says. "Every time I get on the board I learn something new."

Application to Snowboarding

Snowboard superstar
Science World,  Jan 21, 2002
Leslee Olson's idea of a good time is to strap herself onto a snowboard and rocket down a snow-caked mountain at speeds over 73 kilometers (45 miles per hour). Whoa! Is she kidding? Not at all. "It feels so natural and it's fun," says the Bend, Oregon, native.
Olson's confidence isn't surprising. In January 2000, she nabbed first-place competing at the world's largest extreme sports championship, the Winter X Games. Last August, she launched her own snowboard company--Chorus--the first ever to exclusively design snowboards for women. Now she's training for a spot on the U.S. Olympic snowboarding team, to compete in February's 2002 Winter Olympic Games in Salt Lake City, Utah. 
OLSON'S ALLY What makes 23-year-old Olson so good on her board? Experience, for one. She's been snowboarding since she was 9 and competing since age 11. She also has a secret ally on the slopes--Sir Isaac Newton. The great English physicist (1642-1727) may be long gone, but Newton's Laws of Motion help explain the physics behind Olson's audacious snowboard tricks.
For example, Olson loves to compete on the halfpipe, a 3.7 to 4.6 meter (12 to 15 foot)-high U-shaped structure made of hard-packed snow. She pushes off the top of one side of the U, flies down the pipe, and up the other side. Then she lunges into the air and performs her favorite stunt, the Rodeo flip--a 720-degree sideways somersault--before swooping down into the pipe and up the opposite wall again.
Helping her maneuver is Newton's First Law of Motion(1): An object at rest remains at rest, and an object in motion continues at a constant speed and in a straight line unless acted on by an outside force. Thanks to the law, Olson has soared as high as 2.5 m (8 ft) in the air during a halfpipe competition!
But an outside force pulls Olson down fast--the force of gravity, or Earth's downward pull on all objects. How does gravity work? Every object in the universe exerts gravity on every other object. The amount of gravitational force between objects depends on their mass, the amount of matter an object contains. The greater an object's mass, the greater its gravitational pull. Because Earth is so huge, its gravitational pull is strong enough to tug Olson back into the pipe.
CARVING A TURN Besides the halfpipe, Olson also loves the boarder-cross event, a three to eight person, 800 m (0.5 mi)-race over a downhill obstacle course littered with 18-m (60-ft) jumps, gated turns, tunnels, water trenches, and moguls. The first racer to cross the finish line--intact--wins. Since speed is critical, Olson must make razor-sharp turns. "The best way to do that is to `carve' your turns," she says. Carving is leaning into a turn so the snowboard glides downhill on one edge, like a knife blade carving the snow. This reduces friction, an opposing force between the board and the ground that slows Olson down (see "Fact or Friction").
Carving illustrates Newton Second Law of Motion (2): An external force on an object causes the object to accelerate, or speed up, in the direction of the force. When Olson leans into a turn, the weight of her body creates an inward force that propels her snowboard toward the direction of the turn. If Olson wants to turn left to swoop around a gate, she leans her body to the left and the snowboard swoops in the same direction.
FINISH LINE Whether she spins in the air above the halfpipe or zigzags around gates in a bordercross race, Olson likes to perform on her snowboard. But every snowboarder has to stop--and that's where Newton's Third Law of Motion roles (3): For every action, there is an equal and opposite reaction.
Olson stops quickly through a fast, sharp, perpendicular, or sideways turn. This prevents her from falling over. "If you start to turn gradually, you're going to have trouble maintaining your balance," says Jearl Walker, a physics professor at Cleveland State University "You need to suddenly turn the board and grind into the snow." According to Newton's Third Law, when Olson pushes into the snow, the snow pushes back with equal force. The collision between the snowboard and the snow brings her to an abrupt halt.
Here's where the First Law of Motion kicks back in. Remember, an object at rest remains at rest unless acted on by an outside force After a tiring day on the slopes, no outside force can budge Olson--not even her coach.
(1) Newton's First Law: Gravity pulls a snowboarder back to Earth after flying in the air.
(2) Newton's Second Law: A snowboard will turn in the same direction as the snowboarder's body leans.
(3) Newton's Third Law: A snowboarder turns sideways and digs the board into the snow. The snow pushes back and stops the board.
Fact or Friction: On her snowboard Leslee Olson works with and against friction. Friction is the invisible force between two surfaces rubbing against each other that slows down motion.

Application to Flight

Lesson 1: Aerodynamics as a Science Section 3 - Newton's Laws of Motion
Newton’s three Laws of Motion are very important in the study of movement of aircraft. The third law in particular can directly be applied to aerodynamics. 
The motion of an aircraft through the air can be explained and described by physical principals discovered over 300 years ago by Sir Isaac Newton. Newton worked in many areas of mathematics and physics. He developed the theories of gravitation in 1666, when he was only 23 years old. Twenty years later, in 1686, he presented his three laws of motion in the "Principia Mathematica Philosophiae Naturalis." 

NEWTON'S FIRST LAW Newton's first law states that every object will remain at rest or in uniform motion in a straight line unless compelled to change its state by the action of an external force. This is normally taken as the definition of inertia. 
The key point here is that if there is no net force acting on an object (if all the external forces cancel each other out) then the object will maintain a constant velocity. If that velocity is zero, then the object remains at rest. If an external force is applied, the velocity will change because of the force. 
Some facts to bear in mind regarding Newton's First law are as follows: 
When flying at a constant altitude: If Thrust and Drag are equal, aircraft holds constant airspeed. 
If Thrust is increased: Aircraft accelerates - airspeed increases. Drag depends on airspeed - Drag increases. 
When Drag is again equal to Thrust: Aircraft no longer accelerates but holds a new, higher constant airspeed. 

NEWTON'S SECOND LAW Newton’s second law explains how the velocity will change. The law defines a force to be equal to change in momentum (mass times velocity) per change in time. For an object with a constant mass, the second law can be more easily expressed as the product of an object's mass and its acceleration (F = ma). For an external applied force, the change in velocity depends on the mass of the object. A force will cause a change in velocity; and likewise, a change in velocity will generate a force. The equation works both ways. 

NEWTON'S THIRD LAW Newton’s third law states that for every action (force) in nature there is an equal and opposite reaction. In other words, if object A exerts a force on object B, then object B also exerts an equal force on object A. Here, bear in mind that the forces are exerted on different objects. The third law can be used to explain the generation of lift by a wing and the production of thrust by a jet engine. 
For Newton’s First Law, every object will remain at rest or in uniform motion in a straight line unless compelled to change its state by the action of an external force. This is usually referred to as the definition of inertia. Here, there is no net force resulting from unbalanced forces acting on an object, if all the external forces cancel each other out, then the object will maintain a constant velocity. If that velocity is zero, then the object remains at rest. And if an additional external force is applied, the velocity will change because of that force. 
An aircraft in flight is a very good example of the first law of motion. There are four major forces acting on an aircraft: lift, weight, thrust, and drag. If we consider the motion of an aircraft at a constant altitude, we can neglect the lift and weight. An aircraft that is cruising will fly at a constant airspeed and the thrust will exactly balance the drag of the aircraft. 
However, if the pilot changes the thrust of the engine, the thrust and drag are no longer in balance. If the thrust is increased, the aircraft will accelerate and the velocity will increase. This is also cited in Newton’s first law: an external force will change the velocity of the object. 
The drag of the aircraft, like the lift, depends on the square of the velocity. So the drag will increase with increased velocity. In time, the new drag will be equal to the new thrust level and at that point, the forces will again balance out, and the acceleration will stop. The airplane continues to fly at a new constant velocity that would be higher than the initial velocity. 
Newton’s Second Law defines a force to be equal to the differential change in momentum per unit time as described by the calculus of mathematics, which Newton also developed. The momentum is defined to be the mass of an object times its velocity. If the mass is a constant, the second law reduces to the more familiar product of a mass and an acceleration (F = ma). 
Since acceleration is a change in velocity with a change in time, we can also write this equation in the third form shown on the slide. The important fact is that a force will cause a change in velocity; and likewise, a change in velocity will generate a force. The velocity, force, acceleration, and momentum have both a magnitude and a direction associated with them. Scientists and mathematicians call this a vector quantity (magnitude plus direction). 
FORCE = MASS x ACCELERATION or F = ma 
For Newton’s Third Law, every action (force) in nature there is an equal and opposite reaction. In other words, if object A exerts a force on object B, then object B also exerts an equal and opposite force on object A. Again, keep in mind that different forces are exerted on different objects. 
For aircraft, the principal of action and reaction is very important. It helps to explain the generation of lift from an airfoil. In this case, the air is deflected downward by the action of the airfoil, and in reaction the wing is pushed upward. Similarly, for a spinning ball, the air is deflected to one side, and the ball reacts by moving in the opposite direction. 
A jet engine also produces thrust through action and reaction. The engine produces hot exhaust gases which flow out the back of the engine. In reaction, a thrusting force is produced in the opposite direction. 
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Application to Video Games

GAME THEORY; Applying Newton's Laws to Video Games 
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By J. C. HERZ    Published: August 5, 1999

A SCIENTIFIC powerhouse is assembled. Physicists from Oxford and Cambridge, M.I.T. and Berkeley are put to work, coordinating their efforts with research teams in Helsinki, Montreal and India. Pure mathematicians clock thousands of man-hours. Millions of dollars are invested. High-powered computers on three continents are strained to their limits. 
This is not the quest for cold fusion. It's not an ivory tower attempt to hack Wall Street. It has nothing to do with space exploration. It's a company called Mathengine, whose sole purpose is to make video games appear to adhere to Newton's laws of motion, so that rope bridges can wobble realistically and bullets can ricochet accurately and the pneumatic heroine of Tomb Raider can feel the effects of gravity. 
''If you look at Lara Croft today, she's solid,'' said Alan Milosevic, Mathengine's chief executive. ''Her arms and legs move, O.K., but the rest of her doesn't ripple or move or anything. And it should. When she runs, her breasts should move and her clothes should move. And underpinning that will be some really hairy mathematics. 
''Game programmers have woken up to the fact that that means physics. And you need research physicists and mathematicians to do it. It's no good, a game programmer dusting off a few high-school textbooks and saying 'Hey, I'm now going to do these really complex calculations with differential equations to solve all this stuff,' because that guy isn't going to have a clue. You wouldn't expect a game programmer to build a rocket, and exactly the same applies to physics.'' 
Mathengine's challenge is to engineer a software tool kit that allows game designers to specify the qualities of three-dimensional objects and see those objects behave in a real-world fashion. ''For instance,'' Mr. Milosevic said, ''if you want a ball to bounce off a table, you have to get a good physicist to work out Newton's laws of motion in software, then apply a whole bunch of other complex physics to make the ball behave realistically. And so far, you've just solved this particular problem. You haven't solved any of the problems to do with fluids or particle systems or joints. 
''In an ideal world, there would be an environment in your computer that would allow you to simply enter what type of ball it is, to say that it's a squishy rubber ball, to give the characteristics of the table. And then without any programming, the ball will behave exactly as it should do if you dropped it. Everything would happen automatically. The world is such an environment. The world knows what to do with squishy-squashy objects. Mathengine is an environment that is similar to the world.'' 
The aim is to simulate physics so well that game developers will never need to improvise their own gravity ever again. As projects go, this one is ridiculously ambitious. And to accomplish it, Mathengine has had to create a halfway house between academia and commerce. 
''When I got there, it sort of reminded me of grad school with money,'' said Bryan Galdrikian, who did research in theoretical solid-state physics at the University of California at Santa Barbara before he got into the video game industry. Like many recent Ph.D. graduates, his decision to leave the cloisters of academe for the cubicles of game development was driven by a dearth of teaching positions and a booming job market in the software industry. 
In the laboratory, he was just another postdoctoral researcher with programming skills. In the video game industry, he was a hero-champion supergeek who could make objects dance in space. ''I could write down a mathematical equation that would work for them, and they thought that was great. They said, 'Bryan, we need something that will allow us to know how far this point is from this wall.' And I gave them an equation. They're like, 'And that just works?' '' In the land of the blind, the one-eyed man has very hot employment prospects. 
Half of Dr. Galdrikian's graduate school colleagues have left academia. ''It's amazing how many people jumped ship,'' he said. ''My girlfriend was one. She works at Autodesk. We have other friends who are working at Internet start-ups, friends in L.A. who are working on physics software for scientific research.'' 
In research, talent follows money. During the cold war, government money paid for military technology. In the new world order of global telecommunications and digital media, corporate money pays for commercial technology, and the talent follows. Stock options trump tenure. 
''We just pulled a guy from Oxford University,'' Mr. Milosevic said. ''He was a senior lecturer. He was a fellow of one of the university colleges, which means he had tenure. He had tenure at Oxford, and now he has share options at Mathengine and the opportunity to do some really amazing research. And we're about to pull another two. The reality is, we're decimating the numerical computing laboratory.'' 
To compensate the university for poaching its Ph.D.'s, Mathengine has offered to bankroll academic research that might be useful to the company. ''I could happily spend 250,00 pounds, a million pounds, to put a chair in place to do research in fast numerical methods, fluid dynamics, interactive humans,'' Mr. Milosevic said. 
Of course, corporate funding is prevalent in academia, if you look at institutions like the M.I.T. Media Lab. But a Quake professorship at Oxford would be something new. 
Granted, the prospect is less noble than secret cold war research. On the other hand, it does restore a certain glamour to the scientific undertaking. Fifty years ago, kids wanted to be rocket scientists because they were inspired by space exploration and by the exciting possibilities of amateur pyrotechnics. Now they're inspired by virtual space and the exciting possibilities of custom level design. 
The best and brightest minds of 2020 are peering at computer-generated galaxies, wondering what's out there and how can it be made to explode more realistically. If we figure out how to teach them that way, we might even get them to finish their homework. 

Application to Football
	by Dane smith, Apr 23, 2008

	This will give young stars ways to up their game. They will learn how football all started, and how to use physics to their advantage.
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It was the fourth quarter with only 12 seconds on the clock. Patriots were down 21-17 and had used their last timeout. The team broke the huddle and headed for their positions. Tom Brady, the Patriots' quarter back, stepped up behind the center, this was there last chance. “Blue thirty-two! Blue thirty-two! Set…HIKE!” He stepped back into the pocket, looked for the open man, and fired. The ball flew from his hand, and seemed to float in mid-air when it fell right into the waiting hands of Randy Moss. “I don't believe it! The Patriots have done it again folks! Another come-from-behind win for Tom Brady.” How does he do it? Without an in-depth knowledge of physics, Tom could never be considered as good as he is. By studying objects in motion, average speed, friction, and Newton's Laws of Motion, the role of physics in football becomes evident.

The very first rules for American football were invented in 1876 at the Massasoit convention. Walter Camp, commonly known as the father of football, revolutionized the game by convincing the IFA (Intercollegiate Football Association) to change a series of rules to create the game very similar to the one we play today (“Football History”). Football has had some changes since Walter Camp was involved with it. First of all, the point values have been changed. Touchdowns have been changed from four to six points, and field goals have been changed from five points to three. The playing field has changed as well. Hash marks have been placed 15 yards from either sideline, and the goalposts have been moved from the front of the end zone to the back. Also, the equipment has changed. Helmets have gone from leather caps to metal helmets. The present-time National Football League (NFL) has shoulder pads; early on, no one wore shoulder pads at all. Also, today's football players wear cleats (spiked shoes) instead of regular shoes. From these changes we notice that football as a franchise is open to change for the better.

In football there are many things in motion. There is the football (a major focal point of the game), which moves to where the next play will start; there is the running back, who tries to get a touchdown by running with the ball; there is the quarter back, who tries to gain yards by throwing the ball to his receivers who try to catch it and run, making them an object in motion as well. There are also the offensive and defensive linemen, the defensive backs and line backers, who cover receivers and tackle offensive players to stop them from making a first down. Football is played with two teams, both trying to score the most points. Touchdowns are worth six points with an extra point if they make a short-distance field goal, two if they get in to the end zone again from two and a half yards away. If a team fails to get a first down or a touchdown in three tries, they can attempt a field goal for three points, attempt to get the first down (if they fail the other team gets the ball where the other team stopped), or punt it so the other team has to go farther to get a touchdown. If a team gets a touchdown, they have to kickoff. There are two types of kickoffs commonly used; a regular kick (a deep kick), or an onside kick where the kicking team tries to recover the ball. Motion brings the excitement for the players and definitely to the spectators in the stands.

One of the most important skills a player needs is speed. The two things needed to find someone's average speed is distance and time. To find this out, scouts measure people's speed in the 40 yard dash (about 36.576 meters). So, they divide the person's distance ran by the time. For example, Julio ran the 40 yard dash in 5.84 seconds. So, divide 36.576m by 5.84s (metric system), and Julio's speed was 6.26 meters per second (about 14 miles per hour). This is helped by their clothing which is lightweight and aerodynamic. Athletes control their speed by putting more or less effort into the moving of their muscles and by increasing or decreasing friction.

Friction plays an extremely important role in football. Friction is the rubbing of the surface of one body against that of another. Friction is desirable while an athlete is running, catching, and throwing. Ways an athlete could increase friction would be wide receiver/ quarter back/ running back gloves to keep better hold on the football, and cleats to keep hold on the field and not fall. But friction can be undesirable too. Offensive players want less friction with the defenders so they can slip out of tackles, and special team players want less friction with the ground enabling them to run back a kickoff return. Ways an athlete could decrease friction would be to wax his equipment so he could have less friction with the defensive players, and run on his toes so that he would have less friction with the ground and less of his energy would be converted to heat, resulting in more speed. But even friction can't stop Newton's Laws of Motion.


Every being on the planet follows Newton's Laws of Motion, even football players. Newton's First Law of Motion states, “An object at rest will remain at rest unless acted on by an unbalanced force. An object in motion continues in motion with the same speed and in the same direction unless acted upon by an unbalanced force” (Newton's Laws). An example of how Newton's First Law of Motion applies to football would be the football. As the projectile is lofted into the air it is acted upon by the air resistance and gravity resulting in slower speed and eventually grounding. If there is no air resistance and gravity the football will fly forever.

Newton's Second Law of Motion is also important in football. Newton's Second Law of Motion states, “Acceleration is produced when a force acts on a mass. The greater the mass (of the object being accelerated) the greater the amount of force needed (to accelerate the object)” (Newton's Laws). An example of how Newton's Second Law of Motion applies to football would be the offensive linemen. They have to block the defensive linemen. In order to push them backwards, they have to push harder if the defensive lineman is bigger. Newton's Second Law of Motion applies to football every time someone pushes on something. More force from the muscle bound linemen is needed when the mass of the huge defenders is bigger. The bigger they are the more force is needed.

Newton's Third Law of Motion plays an important role in football. Newton's Third Law of Motion states, “For every action there is an equal and opposite reaction” (Newton's Laws). An example of how Newton's Third Law of Motion applies to this game would be when a defender sprints to sack the quarter back. He digs his feet into the ground and pushes the ground with all his might, which pushes him forward with the same amount of force toward the quarter back. Newton's Third Law of Motion applies to every time someone runs.

Football is a sport played and loved by many nationwide. Physics plays an important role in the sport and can be understood through the study of objects in motion, average speed, friction, and Newton's Laws of Motion. So next time that football is picked up, remember the physics!

