AP Physics - Newton's Laws

This is where the real physics begins. Physics is more than equations and math problems -- it is
the laws of the universe and, most importantly, understanding these laws. The laws, of course,
determine how everything works.

The first of these laws we will study were developed by Sir Isaac Newton while he camped out
on a farm having fled the London plague of 1665. An interesting thing about all of it is that he
didn’t publish them until 1687. Wonder why? Anyway, twenty-two years later in 1687 he
finally got around to publishing them in his book, Philosophiaie Naturalis Principia
Mathematica (Mathematical Principles of Natural Philosophy) which is usually known as the
Principia. 1t was written in Latin and wasn’t translated into English until 1729. Other trivia bits
on the thing? Okay. The Principia is perhaps the greatest scientific work ever written. In it
Newton set out how the universe operates. He explained how the planets orbit the sun, how the
moon orbits the earth, and how objects behave on earth. It basically founded the science of
physics.

So let us get into the physics.
Inertia: Inertia is an important property of matter.

Inertia = property of matter that resists changes in its motion.
Basically, because of inertia, objects want to maintain whatever motion they have. This was
described initially by Galileo, later Sir [saac Newton formulated it into one of his basic laws of
motion.
Inertia is proportional to mass. The more mass something has, the more inertia it has.
Mass = measurement of inertia
The unit for mass is the kilogram (kg). Mass is also defined as the amount of matter something

has. Mass is different than weight, which is the gravitational force of attraction between the
earth and an object.

More important definitions:
Force = push or pull
Contact Force = physical contact exists between the object and source of the force

Field Forces = No contact exists between the source of the force and the body being
acted upon: gravity, magnetic force, &tc.

Friction = A force that resists the motion between two objects in contact with one
another
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The First Law:

Newton’s First Law: An object at rest remains at rest, and an object in motion remains
in motion with constant velocity unless it is acted upon by an outside force.

This law really deals with inertia. It is because of its inertia that matter behaves according to this
law. The idea that something would keep moving at a constant velocity for like forever is
something that we don’t see happen very often on the earth, because when something is moving,
there is almost always an outside force acting on it — usually friction. This is why a ball rolling
along a straight section of road will come to a stop all on its own. Friction slows it down and
makes it stop.

When the net external force acting on an object is zero, the acceleration on the object is zero and
it moves with a constant velocity. Of course if it is at rest, it will remain at rest. (Unless and
outside force blah blah blah....)

Y F=0

If Then a=0 And v 1S constant

The Second Law:

Second Law = The acceleration of an object is directly proportional to
the net force acting on it and inversely proportional to its mass.

This is usually written as a simple formula, F=ma

More properly, however, it should be thought of as:
> F=ma

This means that the acceleration of an object is a function of the sum of all forces acting on it.
The sum of these forces is known as the net force.

Force is a vector!

The unit for force is the Newton (N)

kg-m

S2

IN=1

In the USA, the unit for force is the pound (Ib). 1N = 0.2251b

Newton’s second law is responsible for weight. Weight is a force, the force of gravity acting on

something. Using the second law, we see that the weight of an object is:
w=mg

54



Here, w is the weight.

Weight = force exerted by gravity on an object’s with mass.

The weight of an object depends on the acceleration of gravity. If the acceleration brought about
by gravity changes, then the weight can change. This does not happen with mass - the mass of
an object is a constant and has the same value everywhere. If you were to travel to the moon,
your weight would be only 1/6 of its value on earth, but your mass would be the same. This is
because the gravity on the moon is much smaller than the earth’s gravity.

e An object has a mass of 10.0 kg, find its weight.

w=mg :10.0kg£9.8ﬁ2j - [ 980N
S

Recall that accelerations change velocities. Therefore, the net force is the thing that causes
accelerations.

e A 450 kg mass is accelerated at 2.5 m/s>. What is the net force causing this acceleration?

F=450kg(2.5ﬁ2j = [ 1100 N
2'F =ma §

e A 2500 kg car is pushed with a net force of 250 N force, what is the acceleration acting on

the car?
P 250 N
a=— a=_————""-—
S p” 2500.0 kg
250
a= IZ& m 1 - | 010X
s> | 2500.0 kg s

e Now same problem, same 250 N force and all, but the mass of the car is twice as big, 5000.0
kg. Let's find the acceleration once again.

2
a= SOkgm[ 1 Jz 0.050 %

s> (5000.0 kg s

The acceleration is only one half the value of the first problem.
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e An artillery shell has a mass of 55 kg. The projectile is fired from the piece and has a
velocity of 770 m/s when it leaves the barrel. The gun barrel is 1.5 m long. Assuming the
force and therefore the acceleration is constant while the projectile is in the barrel, what is the
force that acted on the projectile?

2
v2:v02+2ax v: =0+ 2ax a=-
Find a: 2x
m 2 1 m m
a=(770—j— =197600— = 2.0x10°=
s ) 2(1.5m) s s
Find the force:
F=ma :55kg(2.0x105ﬂ2j =110x10°N = | 1LI1x10'N
S

The Third Law:

Third Law = Iftwo objects interact, the force exerted on object 1 by
object 2 is equal in magnitude but opposite in direction to the force exerted
on object 2 by object 1.

The classic way of saying this is, “For every action there is an equal and opposite reaction”.

Newton’s third law simply says that forces come in pairs. You push on a wall and the wall
pushes on you. We call these action/reaction force pairs.

One of the skills most people master is walking. We rarely think about the act of walking — you
don’t have to concentrate on it, it’s just something that you can do. It turns out, however, that
walking is a fairly sophisticated application of Newton’s laws of motion.

The key to walking is the third law. You push against the ground and the ground pushes you.
All there is to it. But how does that make you move? Okay, you takes your basic second law. It
goes like this; you exert a force on the ground and it exerts a force on you. The two forces are
equal and opposite. The force exerted on you by the earth causes you to accelerate. The size of
the acceleration depends on the force and your mass. F = ma. Because your mass isn’t very big
compared to the earth, you end up with a pretty good acceleration — enough to make you move.

What about the earth? It also had a force exerted on it — the one from your foot pushing on it.
Does it also get accelerated? Well, yes, it has to. The same magnitude force is acting on it.
Why then don’t you notice the earth moving away from you? The second law is involved here.
F = ma, but this time the mass of the earth is huge (6.0 x 10?* kg ) compared to your mass. If
your mass is 60 kg, the earth is 10?3 times more massive than you. That means that the
acceleration acting on the earth is 10?3 times smaller than your acceleration. It is so small that it
cannot be measured. But it is real.
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Because the forces are the same, the mass times the acceleration has to equal the same thing. So

we get:
-

earth earth you you

Rockets work because of the third law. A common
misconception is that a rocket works by pushing against air. ©

We know this is not true because rockets work in outer space ©

where there is no air to push against. The way a rocket works o Rocket pus hes
is like this: hot gases, the products of combustion, are blasted (

out of the end of the rocket. They are pushed away from the ‘ \ 9(15
rocket, but according to the third law if the rocket pushes the

exhaust gases away, the exhaust gases must push the rocket in

the opposite direction. So the rocket goes.

Here is the classic third law conundrum. An acquaintance
tells you, “There’s no way a horse can pull a wagon.”

You say, “No way that’s true because horses pull wagons all 905 PUSheS
b "’ 2

thf: time!” (You’ve been around, you see, and no one can fool rocket

with you.)

“No, I'm right. The horse can’t pull a wagon. See, if the
horse pulls on a wagon, then according to the third law the
wagon has to pull on the horse with an equal and opposite
force. Since the two forces are equal and opposite, they cancel
out, so the horse can’t pull the cart!”

The argument sort of makes sense, but you know that it has to be flawed because it is clearly not
true. So what’s the deal?
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Action/reaction force pairs never cancel each other out — they can’t because they are partners in
the same action force. Can you touch your mother without being touched by her? Does your
mother touching your finger when your finger touches her cancel out the touch? Can a single-
hand clap?

Pretty heavy stuff.

In order to have forces cancel out; they have to be different forces. An example of this would be
if we had two horses hitched to the same wagon pulling in opposite directions. The forces the
horses exert would then cancel out and the wagon wouldn’t move. These would be two separate
forces that do cancel out.

The horse does indeed pull on the wagon and the wagon pulls on the horse in accordance with
the third law. The wagon pulling on the horse results in keeping the horse from running off really
fast — the horse is slowed down by the extra mass of the cart, so its acceleration is much smaller
than if it were not hitched to the wagon.

The horse moves, dragging the wagon with it, by pushing the earth away from it. The earth
pushes back on the horse, so the horse and wagon move. The earth moves away as well, but,
because its mass is so huge (as previously discussed), we can’t measure its acceleration.

The horse and wagon move because the horse pushes against the earth. What would happen if
you tried to make you car move by sitting in it and pushing on the dashboard? Would the car
move?

What does this picture show about Newton’s laws?
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Newton's Second Thought Laws:

1) A body at rest tends to watch television.
2) A body acted upon by a force usually breaks.
3) For every human action there is an overreaction.
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Dear Straight Dope:

Can you hit a baseball farther with a light or a heavy bat? To be more
specific, suppose that you build a machine to swing, with a fixed torque T,
uniform (outside) diameter, axially symmetric cylinders of length L, diameter
D and weight distribution w(l), where 1 is the axis variable and the cylinders
are made of some standard alloy used to make baseball bats. Then what angle
of swing, diameter, and weight distribution would make standard baseballs
struck the by this cylinder travel furthest, as function of T? Is that specific
enough?

--Harlan, via e-mail

SDSTAFF Ken replies:
Plenty specific, Harlan. In fact, more specific than it has to be. The law of physics
governing baseball bats, and a lot of other things, is:

F=ma  Where F= force resulting, m=mass and a=acceleration.

We can affect the amount of force generated by either changing the mass (weight)
of the bat, or the acceleration of the bat (bat speed).

If you lighten the bat, the amount of mass applied is less, but since we don't have
machines playing baseball (except Cal Ripken, Jr.), the amount of acceleration is
greater, i.e., it weighs less, so you can swing it faster. Conversely, if the bat weighs
more (increase in mass), the amount of force would go up, if it weren't harder to
swing a heavier bat, thus reducing the acceleration. To increase both the mass and
acceleration would result in more power, but you'd need forearms like Popeye to
keep this up day after day. This explains Mark McGwire's biceps.

So to answer your question, a baseball can be hit farthest with a heavy bat,
assuming the game were played strictly by laboratory robots. In the real world,
though, whether a light bat or a heavy bat is best depends on the skills and strength
of the batter.

BTW, all of us here at the Straight Dope Science Advisory Board loved that stuff
about angle of swing and diameter D and a function of T, etc. You can come sit
with us next time we go to the ballgame. But you should know we make the
newbies buy the beer.

--SDSTAFF Ken
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LONDON (Reuters) - Around one million British school children succeeded in causing
an earthquake on Friday, jumping up and down simultaneously in the world's largest
scientific experiment. Thousands of schools around Britain were asked to send children
out into the playgrounds at 11 a.m. (6:00 a.m. EDT) to jump up and down for a minute
in the hope of creating a measurable quake.

Organizers of the Giant Jump event, held to mark the launch of the government's
Science Year, said it had been a success. = We're almost sure we had a million people
out there jumping for us. We got some kind of result at every single seismometer
around the country," Nigel Pain, director of Science Year, told Reuters. **We generated
something like a hundredth of a serious earthquake -- that's not an enormous amount of
energy but it's significant." The exact number of people taking part would have to be
verified, but he said it was an unofficial world record. Early estimates suggested 75,000
tons of energy had been released during the minute of jumping.

“"Because it's dissipated across the whole country it didn't do very much damage. But
drop that in one spot and it would have caused quite a big hole in the ground," he added.

Over the next two weeks the results from around the country will be analyzed to see if
the event registered on the Richter scale. Scientists said a million children with an
average weight of 110 pounds jumping 20 times in a minute would release two billion
joules of energy and trigger the equivalent of an earthquake measuring three on the
Richter scale. The event has also attracted serious attention from scientists including the
Atomic Weapons Establishment (AWE), which maintains Britain's nuclear warheads.
Pain said: **The jump will tell us how long vibration lasts in the upper Earth crust,
whether it's over instantaneously, or if it continues for seconds or even minutes. *"The
AWE will be working on it for several weeks to come." Fortunately the world didn't
split in two as one of the children surveyed before the event believed would happen, nor
did the Earth leave the Sun's orbit as feared by another. A third came up with a more
likely, if less exciting scenario. " There will be lots of hospital visits from people with
sprained ankles."
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Wretched Trivial Facts:

e Traveling by air is the safest means of transportation.

e Twelve babies will be given to the wrong parents each day.

¢ In the four professional major North American sports (baseball, basketball, football
and hockey) there are only 7 teams whose nicknames do not end with an “s”. These
teams are the Miami Heat, the Utah Jazz, the Orlando Magic, the Boston Red Sox,
the Chicago White Sox, the Colorado Avalanche, the Tampa Bay Lightning, and
the Minnesota Wild.

e Two out of five husbands tell their wife daily that they love them.

e Two planes landing daily at O'Hare International Airport in Chicago will be unsafe.

e You are more likely to get attacked by a cow than a shark.
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The Cow-Juice Cure

The clover was in blossom, an' the year was at the June,
When Flap-jack Billy hit the town, likewise O'Flynn's saloon.
The frost was on the fodder an' the wind was growin' keen,
When Billy got to seein' snakes in Sullivan's shebeen.

Then in meandered Deep-hole Dan, once comrade of the cup:
"Oh Billy, for the love of Mike, why don't ye sober up?

I've got the gorgus recipay, 'tis smooth an' slick as silk --

Jest quit yer strangle-holt on hooch, an' irrigate with milk.

Lackteeal flooid is the lubrication you require;

Yer nervus frame-up's like a bunch of snarled piano wire.
You want to get it coated up with addypose tishoo,

So's it will work elastic-like, an' milk's the dope for you."

Well, Billy was complyable, an' in a month it's strange,

That cow-juice seemed to oppyrate a most amazin' change.

"Call up the water-wagon, Dan, an' book my seat," sez he.

"'Tis mighty queer," sez Deep-hole Dan, "'twas just the same with me."

They shanghaied little Tim O'Shane, they cached him safe away,
An' though he objurgated some, they "cured" him night an' day;
An' pretty soon there came the change amazin' to explain:

"I'll never take another drink," sez Timothy O'Shane.

They tried it out on Spike Muldoon, that toper of renown;

They put it over Grouch McGraw, the terror of the town.

They roped in "tanks" from far and near, an' every test was sure,
An' like a flame there ran the fame of Deep-hole's Cow-juice Cure.

"It's mighty queer," sez Deep-hole Dan, "I'm puzzled through and through;
It's only milk from Riley's ranch, no other milk will do."

An' it jest happened on that night with no predictive plan,

He left some milk from Riley's ranch a-settin' in a pan;

An' picture his amazement when he poured that milk next day --

There in the bottom of the pan a dozen "colours" lay.

"Well, what d'ye know "bout that," sez Dan; "Gosh ding my dasted eyes,
We've been an' had the Gold Cure, Bill, an' none of us was wise.

The milk's free-millin' that's a cinch; there's colours everywhere.

Now, let us figger this thing out -- how does the dust git there?

'Gold from the grass-roots down', they say -- why, Bill! we've got it cold --
Them cows what nibbles up the grass, jest nibbles up the gold.
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We're blasted, bloomin' millionaires; dissemble an' lie low:

We'll follow them gold-bearin' cows, an' prospect where they go."
An' so it came to pass, fer weeks them miners might be found
A-sneakin' round on Riley's ranch, an' snipin' at the ground;

Till even Riley stops an' stares, an' presently allows:

"Them boys appear to take a mighty interest in cows."

An' night an' day they shadowed each auriferous bovine,

An' panned the grass-roots on their trail, yet nivver gold they seen.

An' all that season, secret-like, they worked an' nothin' found;
An' there was colours in the milk, but none was in the ground.
An' mighty desperate was they, an' down upon their luck,
When sudden, inspirationlike, the source of it they struck.

An' where d'ye think they traced it to? it grieves my heart to tell --
In the black sand at the bottom of that wicked milkman's well.

--- Robert Service

63



	Contact Force    physical contact exists between the object and source of the force
	The Cow-Juice Cure


