Physics: The Physics of Sports
Week 04/27/20
Reading:
● Annotate the article: Expect higher, more intricate tricks from Olympic big air snowboarders
○ Underline important ideas
○ Circle important words
○ Put a “?” next to something you want to know more about
○ Answer questions at the end of the article
Activity:
● Complete physics/sports improvement table
○ Article:Cool Jobs: Sports Science
○ Improving Athletics with Science
Writing:
● Read the article Baseball: From pitches to hits
○ Answer the writing prompt at the end of the article.

Física: La Física de Deportes
Semana 04/27/20
Lectura:
● Anote el artículo: Expect higher, more intricate tricks from Olympic big air snowboarders
○ Subráye ideas importantes
○ Circúle palabras importantes
○ Ponga un "?" junto a algo que usted quiera saber más
○ Conteste las preguntas al final del artículo
Actividad:
● Complete Tabla de Mejora Física / Deportiva
○ Article:Cool Jobs: Sports Science
○ Improving Athletics with Science
Escritura de la:
● Lea el artículo Baseball: From pitches to hits
○ Responda la pregunta al fin del artículo.

Expect higher, more intricate tricks from
Olympic big air snowboarders
By Scientific American, adapted by Newsela staff on 02.13.18
Word Count 907
Level 1030L

Image 1. Anna Gasser of Austria competes in the Women's Snowboard Big Air final on day 10 of the FIS Freestyle Ski and Snowboard
World Championships 2017 on March 17, 2017 in Sierra Nevada, Spain. Photo by: David Ramos/Getty Images

During the Olympics, the world's best snowboard jumpers will zip down a steep ramp. They will fly
off a giant jump and do tricks in the air, pulling off sequences of flips and twists so fast and
complex that you need a slow-motion replay to even see them.
Big air snowboarding becomes a Winter Olympics event for the first time ever this month in
PyeongChang, South Korea. The snowboarding event is likely to draw a lot of viewers. Its ramp is
one of the world's tallest at 49 meters (160 feet) high. That's about half the height of the Statue of
Liberty. The huge ramp creates the potential for breathtaking new tricks as well as some
spectacular and potentially dangerous wipeouts.
To succeed in this competition, snowboarders will have to control their nerves and adrenaline.
They must also use their instincts to master complex physics concepts. And then there is the
landing. A badly-timed launch off the jump or one trick too many could lead to a broken wrist,
ankle, knee or worse.
This article is available at 5 reading levels at https://newsela.com.

Michael O'Shea teaches physics at Kansas State
University and has written and taught about the
physics of outdoor sports. "Some of the performers
probably will develop new tricks because this is higher
than previous competitive jumps," he says. With the
new opportunities come new challenges. Because the
athletes will spend more time in the air, they will have
to make more adjustments for the speed and direction
of the wind.
All Eyes On These Two

Snowboarders to watch this year include Max Parrot of Canada and Austria's Anna Gasser. They
both won in January at the Winter X Games in Aspen, Colorado. Parrot led the men's pack with a
great cab 1800 triple cork. That means he made five complete rotations while sideways and
leading with the foot he doesn't usually lead with. If you rotate in a circle, that's 360 degrees. The
trick's 1800 means he rotated five full circles in the air. At the X Games, he landed each time and
never fell.
In terms of physics, what sets Parrot, Gasser and other top snowboarders apart from their
competition is their ability to almost instinctively rotate, twist and move their bodies in complex
ways in midair. When they do this, boarders rely on something called angular momentum. Once
they push off the ground, they cannot change their angular momentum in the air.
Angular momentum is how much an object or person rotates. It's based on how "spread out" the
spinning persons are and how fast they are spinning. Because their angular momentum can't
change while they're in the air, it creates a relationship between how "spread out" they are and
how fast they spin. If they pull their arms in, they rotate faster, and if they stick their arms out,
they rotate slower. A change in a person's shape corresponds to a change in their rotation speed.
Maruša Brada is an astrophysicist at the University of California, Davis. "If a cat falls from some
height, it can twist itself and land on its feet. It's the same way for snowboard jumpers — but it's
like falling down from a 16-story building," she said. A falling cat will tuck in its front legs to one
side and stretch its back legs out in the opposite direction so the front part of its body briefly
rotates faster. That makes it possible to twist without pushing off anything. Unlike a cat, however,
the rider's feet are strapped to a board.
Shape Of Jumps Crucial

Furthermore, the shape of the jump affects how an athlete moves in the air. For example, a jump
that curves sharply upward would cause the person to rotate backward. Things like marks in the
snow from a previous boarder could also change the angle the snowboarder jumps off on. This
could directly affect tricks and landings, which is when most injuries occur.
However, a well-designed jump can make injury less likely.
Most snowboard jumps have a takeoff point followed by a flat area over which the riders perform
tricks. Then there's a landing area that slopes downward. Many snowboarding injuries occur when
riders fall onto the flat area. PyeongChang's jump is different, though, because it gets rid of the flat
area. It only has the downward slope for them to land. This might actually be safer.
This article is available at 5 reading levels at https://newsela.com.

Steeper Slope Should Mean Fewer Injuries

A person falling straight down from 49 meters would definitely be injured. When a snowboarder
lands at an angle and keeps moving down a slope, though, it's like falling from a much lower
height. This makes landing on a steeper downward angle safer. For one thing, the knees don't get
hit as hard.
Roberto Moresi helps design courses for the International Ski Federation, also called FIS. The
International Olympic Committee trusts the FIS to design skiing and snowboarding competitions
at the highest level.
When designing jumps, Moresi looks carefully at data about how athletes jump. On a good jump,
athletes should barely feel a bump when they land, he says. That's the goal of the new Olympic
design.

This article is available at 5 reading levels at https://newsela.com.

Quiz
1

Read the article's introduction [paragraphs 1-4].
HOW does the introduction develop the MAIN idea of the article?

2

3

4

(A)

It explores reactions to the shape and size of the big air snowboarding course at the PyeongChang
Olympics.

(B)

It emphasizes the potential for success or injury in big air snowboarding and the important impact
physics has on this.

(C)

It illustrates the effects of slow-motion replay technology on perspectives of viewers watching big air
snowboarding.

(D)

It indicates a comparison between physics in developing big air snowboarding tricks and other types of
outdoor sports.

What is the MAIN reason the author includes the section "Shape Of Jumps Crucial"?
(A)

to describe how changes in a ramp or landing area can cause or prevent injuries when snowboarders
land

(B)

to explain that tracks made by the snowboarders can change the shape of a jump over time

(C)

to contrast PyeongChang's Olympic jump with other jumps that have been more poorly designed

(D)

to outline the steps in a snowboarder's process from the moment of takeoff until the landing

HOW does angular momentum affect snowboarders?
(A)

In order to change the speed of their rotation, they need to change how they spread out their bodies in
the air.

(B)

Snowboarders who are smaller and lighter can instinctively rotate more quickly while in the air.

(C)

The direction and speed of their rotation depend entirely on the way they push off at the start of a jump.

(D)

Snowboarders who land on a flat surface are more likely to be injured than those who land on a slope.

WHY did the International Ski Federation (FIS) change the shape of the Olympic jump in PyeongChang?
(A)

The FIS wanted to lower the height of the jump so that snowboarders would have to make fewer
adjustments for wind.

(B)

The FIS wanted to shorten the course so that snowboarders would feel encouraged to rotate more
quickly.

(C)

The FIS wanted to create a downward slope for landing that would reduce the impact on snowboarders'
bodies.

(D)

The FIS wanted to create an additional length of flat area so that the best snowboarders could do more
tricks.

This article is available at 5 reading levels at https://newsela.com.

Answer Key
1

Read the article's introduction [paragraphs 1-4].
HOW does the introduction develop the MAIN idea of the article?

2

3

4

(A)

It explores reactions to the shape and size of the big air snowboarding course at the PyeongChang
Olympics.

(B)

It emphasizes the potential for success or injury in big air snowboarding and the important
impact physics has on this.

(C)

It illustrates the effects of slow-motion replay technology on perspectives of viewers watching big air
snowboarding.

(D)

It indicates a comparison between physics in developing big air snowboarding tricks and other types of
outdoor sports.

What is the MAIN reason the author includes the section "Shape Of Jumps Crucial"?
(A)

to describe how changes in a ramp or landing area can cause or prevent injuries when
snowboarders land

(B)

to explain that tracks made by the snowboarders can change the shape of a jump over time

(C)

to contrast PyeongChang's Olympic jump with other jumps that have been more poorly designed

(D)

to outline the steps in a snowboarder's process from the moment of takeoff until the landing

HOW does angular momentum affect snowboarders?
(A)

In order to change the speed of their rotation, they need to change how they spread out their
bodies in the air.

(B)

Snowboarders who are smaller and lighter can instinctively rotate more quickly while in the air.

(C)

The direction and speed of their rotation depend entirely on the way they push off at the start of a jump.

(D)

Snowboarders who land on a flat surface are more likely to be injured than those who land on a slope.

WHY did the International Ski Federation (FIS) change the shape of the Olympic jump in PyeongChang?
(A)

The FIS wanted to lower the height of the jump so that snowboarders would have to make fewer
adjustments for wind.

(B)

The FIS wanted to shorten the course so that snowboarders would feel encouraged to rotate more
quickly.

(C)

The FIS wanted to create a downward slope for landing that would reduce the impact on
snowboarders' bodies.

(D)

The FIS wanted to create an additional length of flat area so that the best snowboarders could do more
tricks.

This article is available at 5 reading levels at https://newsela.com.

Improving Athletic Performance with Physics
Directions:
● Read and annotate the article: Cool Jobs: Sports Science
● Based on the information in this article, pick your favorite sport and brainstorm some
ideas in which physics could improve the performance and safety of the players in that
sport.
● Complete the table with your ideas.
SPORT:____________________
Action/Object

Helmet

Suggested
Improvement

Principle of Physics

● Increase inner
padding
● Transfer of Energy
● Increase strength of ● Collisions
outer shell

Results of the
Improvement
● Distribute energy
from force of
collisions to
decrease impact to
the brain

Improving Athletic Performance with Physics

Which of your improvements do you think is the best improvement? Why?

Explain how the physics principle of your best improvement impacts the sport that you choose.

Explain how science, particularly physics, can improve sports and increase player performance
and safety.

HEALTH & MEDICINE

Cool Jobs: Sports science
From soccer teams to the balance beam, scientists help athletes perform their best

Sports scientists use cutting-edge research to help athletes stay at the top of their game.
FOTOKOSTIC/ISTOCKPHOTO

By Helen Fields
July 31, 2013 at 2:57 pm

A teenager wearing a white leotard emblazoned with a big blue star pauses at the end of the
balance beam. After 80 seconds of leaps and flips, it’s time to perform one of the hardest parts
of her routine: the dismount.
The gymnast reaches her arms high and then takes off running. She cartwheels to the far end
of the beam and springs into the air. She spins, lands squarely on her feet and raises her arms
in triumph. The stadium fills with cheers. A great performance followed by a great landing. It
was just the thing to win the girl, an American gymnast named Shannon Miller, a gold medal in
the 1996 Olympic Games.

Normally, when you send something spinning through the air — such as a ruler or a pen — it
doesn’t land perfectly on end. But that’s what a gymnast must do: land cleanly on her (or his)
feet, even after twisting and turning through the air.
Jill McNitt-Gray studies how gymnasts do this.
At the University of Southern California, in

Perfect landing

Los Angeles, she works as a biomechanist.
That means she’s an expert in how living
things move. And to do gymnastics, she
explains, even though you don’t know it,
“you’re learning mechanics.”
Hers is just one field where science and
sports meet. In fact, there are a huge variety
of scientists who study sports. Besides
McNitt-Gray, you will meet two others here.
All three use cutting-edge research to help
athletes stay at the top of their game.

Watch Shannon Miller perform on the
balance beam in the 1996 Olympic Games.

Stuck, with science
McNitt-Gray has plenty of experience flying through the air. A gymnast throughout her teens,
she’s now an expert in helping new generations of these athletes land on their feet.
Using high-speed video taken at two summer Olympics, McNitt-Gray and her coworkers have
analyzed how gymnasts sail through the air — and then stick their landings. The point of highspeed videos is to play them back verrrrry slooooowly. That allows the viewer to follow a
gymnast’s every move.
In this sport, landings are very important. Judges take off fractions of a point if a gymnast
wobbles, takes a step or even squats upon landing. And when a gymnast falls or fails to land
feet first, well, that can cost a whole point — and likely a spot on the winners’ podium. So each
gymnast wants to land firmly, balanced and upright — without waving an arm or taking a step.

The airborne path to that landing depends on two things: the takeoff and gravity. Once the
athlete jumps, all a gymnast can alter is how the body is arrayed and oriented. Luckily, even
upside down, half a turn from the end of a jump, a gymnast can still adjust a landing. “You still
have enough time to move to put yourself in the right position,” explains McNitt-Gray.
To rotate faster, a gymnast will draw in her arms. To
slow down a turn, she can raise those arms over her
head. An ice skater does the same thing. Bringing in
the arms will speed up a spin; extending them slows
it down. It’s all a matter of physics. How the mass of
an object is distributed will affect how fast it rotates.
When gymnasts make the correct mid-flight
adjustments, they can safely slam their weight into
the ground. “You just have to be ready to handle it,”
McNitt-Gray says.
Coaches use her research to help gymnasts safely
stick their landings. Carefully watching a particular
athlete’s technique can lead to suggestions, such as
jumping a moment sooner or shifting the body’s

Her analyses have aided tennis and golf players so

By reviewing high-speed videos of a
gymnast’s performance, sports scientists can
analyze how an athlete sails through the air
— and then sticks a landing. Carefully
watching a particular athlete’s technique can
lead to suggestions, such as jumping a
moment sooner or shifting the body’s weight
a tad more in one direction.

that they can get their best swing at the ball. She
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weight a tad more in one direction.
McNitt-Gray works on other sports too. She has
helped divers enter the water smoothly and cleanly.

has even studied how dental hygienists and
professional cellists hold themselves when they work. “It’s all about using your muscles,” she
explains.

On the field
On weekends, Thomas Michaelis sees his work at play. He works for Bayer AG in Leverkusen,
Germany. This huge company makes chemicals and medicines — and owns a soccer team.

Called Bayer 04 Leverkusen, that team plays in the top German soccer league. Michaelis
supports his company’s team, and not just as a fan. Every time a player kicks or heads the ball,
he touches this researcher’s work.
Michaelis started working at Bayer when he was just 16. Beginning as an apprentice in a
chemistry lab, he learned how to analyze the dyes used to color fabrics. Sometimes the dyes
didn’t take evenly. The fabric’s coloring ended up blotchy. To find out why, the young Michaelis
had to perform work that he now likens “to a forensic inspection.” He would compare the
normal “and blemished parts to check which additive, product or impact caused the problem.”
He loved this testing — so much so that he stayed on at the company. Today, he’s in charge of
textile coatings. Textiles are fabrics. Coatings are thin layers that can cover a textile’s fibers,
altering how they behave. His work continues to involve plenty of testing and problem-solving.
The coatings Michaelis has been developing have begun showing up on soccer balls. Once
covered in leather, these balls now have a plastic surface that acts like leather — only better.
His goal: a surface that improves the ball’s performance, including its speed.
For example, the sports equipment and clothing
company Adidas designed a new soccer ball for the
2006 World Cup in Germany. Just 14 separate pieces
went into making each ball. Until then, 32 pieces
had been standard.
To improve the new ball’s surface, Adidas asked
Bayer MaterialScience, where Michaelis works, to
design a new coating. Rain can waterlog a ball
during play, slowing and weighing it down. The

The ball from the 2006 World Cup final
between Brazil and Croatia.

sports company wanted a new surface to keep out
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that moisture. The solution that Bayer came up with
also protects logos printed on the ball so that they’re still visible after 90 minutes of hard play.
And a new foam underlayer allows the ball to quickly spring back to its initial round shape after
each kick.

Adidas has begun adding another new Bayer coating, called Impranil, to some clothing,
including soccer jerseys. The stretchy coating is a type of plastic (polyurethane) made by crosslinking chains of molecules.
When Michaelis first showed a version of it to Adidas officials, they were impressed. Adidas
scientists had recently developed a stretchy new fabric and needed an equally stretchy coating
to go on it. This coating would need to not only help make the fabric more elastic, but also
carry printed designs.
Michaelis took some of the Adidas fabric back to his lab. There his team began adding the
plastic as a test coating. Adidas scientists found the first few test samples that Michaelis
provided were not quite what they had in mind. So the Bayer team kept experimenting. After
examining each new version, experts at Adidas would make a few suggestions. The researchers
at Bayer would then tweak their coating some more.
Eventually, the group Michaelis led found a way to make their Impranil work for the sports
clothing. Items made from this coated fabric are now marketed in stores as Techfit.
Techfit clothes cling tightly to the body, but stretch and move with a player’s muscles. Ironically,
because most soccer players prefer a looser top, only one player on Bayer 04 Leverkusen wears
a Techfit jersey, Michaelis says.
But Techfit does have its fans. The material has become popular with athletes who compete in
sprinting and jumping. Michaelis says he’ll keep a look out for the fabric when watching track
and field events in the next summer Olympics.
If Michaelis had worked at Bayer 100 years ago, he could have played on the company’s sports
team. No longer. Today those players are all professionals. Still, this chemistry researcher is “a
bit proud,” he says, “to see the players on the field with Bayer products, which I have spent a lot
of time on.”

Sweat science

Perfect 10

When it comes to how bodies respond in
sports, there can be a lot of difference
between adults and kids — besides their size.

How to Execute the Perfect…
Perfect…

Craig Williams at the University of Exeter in
England should know. He is among only a
few hundred scientists in the world who
collect data from children as they exercise.
This new field is called pediatric exercise
physiology.

In this video, Jill McNitt-Gray explains
the role science plays in helping divers
perform perfectly.

Physiology is the study of how living systems grow
and operate. Kids develop at different rates from
one another and sometimes in different ways. This
new field of science is also showing that in terms of
physiology, kids aren’t just little adults. In the past,
scientists often thought of them that way. Williams
said many attempted to understand kids by “using
adult data and just scaling it down.” But that could

Thomas Michaelis, left, examines a textile
sample as part of his work for Bayer AG. As
head of textile coatings, he helped design
clothing known as Techfit. This coated fabric
clings tightly to the body but stretches and
moves with a player’s muscles.
COURTESY OF THOMAS MICHAELIS

prove unreliable. Kids may sweat at different rates from adults or need different amounts of
certain nutrients to sustain their strength and stamina during periods of rapid growth.
Williams often gets his research questions from coaches. For example, those at one soccer
academy in southwest England worried their players were losing too much moisture during
practice. So the coaches asked Williams to find out if the players were drinking enough fluids to
replace all of the water being lost as sweat.

To answer that, Williams led a research team that studied players before and after soccer
training. They weighed each 16- to 18-year-old before and after his 100-minute practice. They
weighed each athlete’s water bottles before and after, as well. Those measurements would
reveal how much water each player sweated away — and how much fluid he drank to make up
for this.
The scientists also collected urine from each boy before and after his practice.
Urine can tell you a lot, Williams notes. When it’s
dark, it can signal a player is dehydrated. Light,
straw-colored urine tends to indicate the body has
plenty of water, meaning it is well hydrated.
The outside temperature had been cool when the
boys practiced, only about 11 degrees Celsius (52
degrees Fahrenheit). Still, the players sweated
plenty. Each lost a volume of fluids that weighed, on
average, 1.1 kilogram (2.4 pounds). And while most
boys began their training day dehydrated, they
drank enough during practice to finish fully
hydrated.
Today, athletes tend to understand some impacts of
sweating. Certainly, Williams says, most “have
gotten the message that they need to think about

A boy rides a stationary bicycle that gets
increasingly harder to pedal. The mouthpiece replacing the water.”
he’s wearing measures the air he breathes in
and out. Scientists use that data to figure out
When you sweat during exercise, that water
the boy’s overall health and how well he is
likely to perform at sports.
evaporates from your skin, cooling the body. If there
CHERC, UNIVERSITY OF EXETER

isn’t enough water in the blood, athletes can’t sweat
efficiently, which means they might not be able to

maintain a steady body temperature. And that can be dangerous, especially in hot weather.
In cool weather, a little dehydration won’t be dangerous. Still, Williams recommends drinking
plenty of water then, as well. After all, some research suggests that dehydrated athletes do not

think as clearly or perform as well as they might otherwise. For boys attending a soccer
academy, dehydration could cut the odds that they perform well enough to impress
professional scouts.
Luckily, Williams found, most of the boys that he studied seemed to be faring well. They lost a
lot of fluids during play, but also replaced them along the way by drinking.
There were, however, exceptions. A few boys drank no water during practice. Through this
study, Williams says, he was able to show coaches how well most of their players stayed
hydrated — and signs that some weren’t.
Most people aren’t like those young soccer players, who are hoping to sign contracts with
professional teams. You need commitment, stamina and the right body to be a pro. But there
are plenty of other ways to make sports a career. As Michaelis, McNitt-Gray and Williams show,
science can offer one way to make sports your life’s work.

Power Words
biomechanics The study of how living things move.
cross-link A connection that holds together two long molecules.
dehydrate To lose a large amount of water.
dismount In gymnastics, the final deliberate move made to get off of the balance beam,
uneven bars or some other apparatus.
hydrate To restore the proper level of fluids in the body.
mechanics The study of how things move.
molecule The smallest possible unit of a substance.
pediatrics Relating to children and especially child health.

physiology The study of how living things and their parts function.
polyurethane An often elastic plastic made from crosslinked chains of molecules.
textile Cloth or woven fabric.

This is one in a series on careers in science, technology, engineering and mathematics made possible
by support from the Northrop Grumman Foundation.
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Learn more about dehydration from the National Institutes of Health.

PHYSICS

Baseball: From pitch to hits
The ballpark brings home plenty of science

When the bat hits the ball, the ball goes flying. A lot happens in that split second, as energy is transferred
from the player to the bat, and then to the ball.
ISTOCKPHOTO

By Stephen Ornes
August 21, 2013 at 12:10 pm

On June 12, the Kansas City Royals played at home against the Detroit Tigers. When Royals
centerfielder Lorenzo Cain stepped up to the plate at the bottom of the ninth, things looked
grim. The Royals hadn’t scored a single run. The Tigers had two. If Cain struck out, the game
would be over. No player wants to lose — especially at home.
Cain got off to a rocky start with two strikes. On the mound, Tigers pitcher Jose Valverde wound
up. He let fly a special fastball: The pitch whizzed toward Cain at more than 90 miles (145
kilometers) per hour. Cain watched, swung and CRACK! The ball flew up, up, up and away. In

the stands at Kauffman Stadium, 24,564 fans watched anxiously, their hopes rising with the
ball as it climbed through the air.
The cheering fans weren’t the only ones watching. Radar or cameras track the path of virtually
every baseball in major league stadiums. Computer programs can use those tools to generate
data about the ball’s position and speed. Scientists also keep a close eye on the ball and study it
with all those data.
Some do it because they love baseball. Other researchers may be more fascinated by the
science behind the game. They study how all of its fast-moving parts fit together. Physics is the
science of studying energy and objects in motion. And with plenty of fast-swinging bats and
flying balls, baseball is a constant display of physics in action.
Scientists feed game-related data into specialized computer programs — like the one called
PITCH f/x, which analyzes pitches — to determine the speed, spin and path taken by the ball
during each pitch. They can compare Valverde’s special pitch to those thrown by other pitchers
— or even by Valverde himself, in previous games. The experts also can analyze Cain’s swing to
see what he did to make the ball sail so high and far.
“When the ball leaves the bat with a certain speed and at a certain angle, what determines how
far it will travel?” asks Alan Nathan. “We’re trying to make sense of the data,” explains this
physicist at the University of Illinois at Urbana-Champaign.
When Cain swung his bat that night, he connected with Valverde’s pitch. He successfully
transferred energy from his body to his bat. And from the bat to the ball. Fans may have
understood those connections. More importantly, they saw that Cain had given the Royals a
chance to win the game.
Precision pitches

The 108 stitches on a baseball can slow it
down and cause it to move in unexpected
directions. Credit: Sean Winters/flickr

Physicists study the science of a moving baseball using natural laws that have been known for
hundreds of years. These laws aren’t regulations enforced by the science police. Instead,
natural laws are descriptions of the way nature behaves, both invariably and predictably. In the
17th century, physics pioneer Isaac Newton first put into writing a famous law that describes
an object in motion.
Newton’s First Law states that a moving object will keep moving in the same direction unless
some outside force acts upon it. It also says that an object at rest won’t move without the
prodding of some outside force. That means a baseball will stay put, unless a force — like a
pitch — propels it. And once a baseball is moving, it will keep moving at the same speed until a
force — such as friction, gravity or the swat of a bat — affects it.
Newton’s First Law gets complicated quickly when you’re talking about baseball. The force of
gravity constantly pulls down on the ball. (Gravity also causes the arc traced by a ball on its way
out of a ballpark.) And as soon as the pitcher releases the ball, it starts to slow due to a force
called drag. This is friction caused by air pushing against the baseball in motion. Drag shows up
any time an object — whether a baseball or a ship — moves through a fluid, such as air or
water.

This photo shows how a knuckleball pitcher
holds the ball. A knuckleball is a pitch that
spins little, if at all. As a result, it seems to
wander to home plate — and it’s hard both to
hit and to catch. Credit: iStockphoto

“A ball that arrives at home plate at 85 miles per hour may have left the pitcher’s hand 10 miles
per hour higher,” says Nathan.
Drag slows a pitched ball. That drag depends on the shape of the ball itself. The 108 red
stitches roughen a baseball’s surface. This roughness may change how much a ball will be
slowed by drag.
Most pitched balls also spin. That also affects how forces act on the moving ball. In a 2008
paper published in the American Journal of Physics, for example, Nathan found that doubling
the backspin on a ball caused it to stay in the air longer, fly higher and sail farther. A baseball
with backspin moves forward in one direction while spinning backwards, in the opposite
direction.
Nathan is currently researching the knuckleball. In this special pitch, a ball barely spins, if at all.
Its effect is to make a ball seem to wander. It may fly this way and that, as if it were indecisive.
The ball will trace an unpredictable trajectory. A batter who can’t figure out where the ball is
going won’t know where to swing either.
“They’re hard to hit and hard to catch,” Nathan observes.

In the Royals game against the Tigers, Detroit pitcher Valverde threw a splitter, the nickname
for a split-finger fastball, against Cain. The pitcher throws this by placing the index and middle
fingers on different sides of the ball. This special kind of fastball sends the ball zipping quickly
toward the batter, but then causes the ball to appear to drop as it nears home plate. Valverde is
known for using this pitch to close down a game. This time, the baseball didn’t drop enough to
fool Cain.
“It didn’t split too good and the kid hit it out of the park,” observed Jim Leyland, the Tigers
manager, during a press conference after the game. The ball soared over the players on its way
out of the field. Cain had hit a home run. He scored, and so did another Royals player already
on base.
With the score tied, 2-2, the game headed into extra innings.
The smash
Success or failure, for a batter, comes down to something that happens in a split-second: The
collision between a bat and the ball.
“A batter is trying to get the head of the bat in the right place at the right time, and with as high
a bat speed as possible,” explains Nathan. “What happens to the ball is mainly determined by
how fast the bat is moving at the time of collision.”
At that moment, energy becomes the name of the game.
In physics, something has energy if it can do work. Both the moving ball and the swinging bat
contribute energy to the collision. These two pieces are moving in different directions when
they collide. As the bat smacks into it, the ball first has to come to a complete stop and then
start moving again in the opposite direction, back toward the pitcher. Nathan has researched
where all that energy goes. Some gets transferred from the bat to the ball, he says, to send it
back where it came from. But even more energy goes into bringing the ball to a dead stop.
“The ball ends up kind of squishing,” he says. Some of the energy that squeezes the ball
becomes heat. “If your body is sensitive enough to feel it, you could actually feel the ball heat
up after you hit it.”

Physicists know that the energy before the collision is the same as the energy afterward.
Energy cannot be created or destroyed. Some will go into the ball. Some will slow the bat. Some
will be lost to the air, as heat.

When a bat hits the ball, it can briefly deform
the ball. Some of this energy that went into
squeezing the ball will also be released to the
air as heat. Credit: UMass Lowell Baseball
Research Center

Scientists study another quantity in these collisions. Called momentum, it describes a moving
object in terms of its speed, mass (the amount of stuff in it) and direction. A moving ball has
momentum. So does a swinging bat. And according to another natural law, the sum of the
momentum of both has to be the same before and after the collision. So a slow pitch and a
slow swing combine to produce a ball that doesn’t go far.
For a batter, there’s another way to understand the conservation of momentum: The faster the
pitch and the faster the swing, the farther the ball will fly. A faster pitch is harder to hit than a
slower one, but a batter who can do it may score a home run.
Baseball tech
Baseball science is all about performance. And it starts before the players step onto the
diamond. Many scientists study the physics of baseball to build, test and improve equipment.
Washington State University, in Pullman, has a Sports Science Laboratory. Its researchers use a
cannon to fire baseballs at bats in a box outfitted with devices that then measure the speed
and direction of each ball. The devices also measure the motion of the bats.

The cannon “projects perfect knuckleballs against the bat,” says mechanical engineer Jeff
Kensrud. He manages the laboratory. “We’re looking for perfect collisions, with the ball going
straight in and going straight back.” Those perfect collisions allow researchers to compare how
different bats react to the pitched balls.
Kensrud says they’re also looking for ways to make baseball a safer sport. The pitcher, in
particular, occupies a dangerous place on the field. A batted ball can rocket right back toward
the pitcher’s mound, traveling just as fast or faster than the pitch. Kensrud says his research
team looks for ways to help the pitcher, by analyzing how long it takes for a pitcher to react to
an incoming ball. The team is also studying new chest or face protectors that might lessen the
blow of an incoming ball.
Beyond physics

Lorenzo Cain, No. 6 on the Kansas City
Royals, saved his team from defeat when he
blasted a home run on June 12 in a game
against the Detroit Tigers. Credit: Kansas City
Royals

The 10th inning of the Tigers-Royals game went unlike the previous nine. The Tigers didn’t
score again, but the Royals did. They won the game 3-2.

As the happy Royals fans headed home, the stadium went dark. Though the game might have
ended, information from it will continue to be analyzed by scientists — and not just physicists.
Some researchers study the hundreds of numbers, such as the tallies of hits, outs, runs or wins
that every game generates.
These data, called statistics, can show patterns that otherwise would be hard to see. Baseball is
full of statistics, such as data on which players are hitting better than they used to, and which
aren’t. In a December 2012 paper published in the research journal PLOS ONE, researchers
found that players perform better when they’re on a team with a slugger who is on a hitting
streak. Other researchers may compare statistics from different years to look for longer-term
patterns, such as whether baseball players overall are getting better or worse at hitting.
Biologists, too, follow the sport with keen interest. In a June 2013 paper published in Nature,
biologist Neil Roach from George Washington University in Washington, D.C., reported that
chimps, like pitchers, can throw a ball at high speed. (Though don’t look for the animals on the
mound.)
As for Cain, the Royals centerfielder, by halfway through the season he had hit only one more
home run since that June 12 game against the Tigers. Still, statistics show Cain had by then
improved his overall batting average to .259, after a slump earlier in the season.
That is just one way the scientific study of baseball continues to improve the game, for both its
players and its fans. Batter up!
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Download a copy of Major League Baseball’s 2013 official rules.

Visit physicist Alan Nathan, an expert on the physics of baseball, online.

Writing Prompt: In terms of energy and motion, explain how physics impacts the game of baseball. Choose
another sport of your interest and compare the energy and motion in that sport to the energy and motion
involved in baseball. What similarities and differences do you notice?

