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section © Momentum

What You'll Learn @ Before You Read
> :;V\r/ergi:;and et What happens if you are riding in a car and the driver

® what momentum is slams on the brakes? Explain on the lines below.

M to use the law of
conservation of
momentum to
predict motion

.
------------------------------------------

SR . @ORead to Learn ---------eoeeve e e
Identify the Main Point -
When you read each paragraph, : Mass and Inertia

look for the main pointor main ik . : ‘
idea. Highlight it or write it One important property of objects is mass. The mass of
down. When you finish reading, : an object is the amount of matter in the object. The SI unit
make sure you understandeach  :  for mass is.the kilogram. Mass is related to weight. Objects
aitpoint ' :  with more mass weigh more than objects with less mass. A

bowling ball has more mass than a pillow. So, it weighs
more. But a pillow is larger. The size of an object is not the

same as its mass. :

Think about what happens when you try to stop someone
who is running toward you. It is easier to stop a small child
than an adult. The more mass an object has, the harder it is
to start moving, stop movirng, slow down, speed up, or turn.
Inertia is the tendency of an object to resist a change in its
motion. The more inertia an object has, the harder it is to

change its motion.

Momentum
“You know that the faster a bicycle moves, the harder it is
to stop. The momentum of an object is the measure of how

. Think it Over e
EL—""" ~© hard it is to stop the object. It depends on the object’s mass
1. Determine Whichhas & .4 velocity. Momentum is usually symbolized by p.
more inertia, a soccer ball or : : ; :
a bowling ball? momentum (in kg * m/s) = mass (in kg) X velocity (in m/s)
P = myv \
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L Kilogramg, o
meters per second. So, the ypt ofveloclty Ssueging . Applying Math
Mmomentum is kilo ; ppying ab)
. lograms i

S . :
a direction that i the Samecond (kg. * m/s). Momentum has | 2 Use Formulas
€ as the direction of the veloci Calculate the momentum of
COnser t Vvelocity. a 14-kg bicycle traveling
va io“ of M north at 2 m/s. Show all
omentum . : your work.
When you Play billiards '
other balls. When 4 cue b ’uy ?u knock the cue ball into :
d '
both balls changes. The cue blalflS sinOthflr ool e o
change direction i ows down and may
ball starts movin, 20 'ts momentum decreases. The other -
ving. So its momentum increases. :
W;‘}?t happens to lost momentum?
e m :
e OII}en;tium lost by the cue ball is moved to the other
mo;nen gamef ﬂEY the Ether ball. This means that the total :
tum of the two balls was the same just before and just Neadina Chedk:
after the collision. This is true for any collision, but only as 4 S |g Shec
: . long as no outside forces like friction act on the objects. The : 3. 1dentify The law of
law of conservation of momentum states that the total C(f)fnsczv agl-oztgft;g(:menmm
% : atre obje
momentum of objects that collide is the same before and after  : : :
the collision. This is true for the collision of the billiard balls. i :’ ;?;:LG'
It is also true for collisions of atoms, cars, football players, or c. collide.
d. roll.

any other matter. [

Using Momentum Conservation

Outside forces are almost always acting on objects that
are colliding. These are forces like friction and gravity. But
sometimes, these forces are very small and can be ignored.
Then the law of conservation of mass can be used to predict - :
how the motions of objects will change after a collision.
: i

What happens after objects collide?
. There are many ways that collisions can happen.
Sometimes the objects that collide will bounce off each

other. In another type of collision, objects stick to each ABL
other after they collide. : (@ Organize Informati
i Make the following Foldable

Bounce Off What happens when you knock down bowling  : help you organize informatio
i about how momentum is

pins with a bowling ball? Picture a bowling ball rolling down
: ] i transferred and the law of
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the alley and hitting some bowling pins. The bowling ball : :
and pins bounce off each other. When the ball hits the pins, R o ot momentum
some of the ball’s momentum is transferred to the pins. The 57

; of

Momentum

ball slows down and the pins speed up. The speeds change,
but the total momentum does not. Momentum is conserved.

) | \
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~" Think it Over

4. Predict will the velocity
of the student and the

backpack together be faster

or slower than the velocity
of the backpack by itself?

. find your velocity after you catch the backpack. Suppose the

' Applying Math

~ 5. Calculate Find the
velocity of the student and
the backpack if the
backpack’s mass is 3 kg, it
was tossed at a velocity of
4 m/s, and the mass of the
student is 57 kg. Show all
your work.
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ose You’re watching a foo"ball h
es another. The two players ol
art, they stick together. The

speeds of both players change, but the tOtéll moarllzznitum
does not. In this type of collision, momentum s

conserved. In both of these types of coHJSIE.nZ, Z}?uscféclllse' ‘,
the law of conservation of momentum {0 IG¢ SEbRECs of

the objects after they collide.

How do you calculate the momentum of
two objects that stick together?

nding still on a pair of skates. You are
of you throws

Stick together Supp

when one player tack'l
but instead of bouncing ap

Imagine you are sta .
not moving. Then someone standing in front

you a-backpack. You catch the backpack and begin to move

backwards. You and the backpack move in the same
direction that the backpack was moving before the collision.
You can use the law of conservation of momentum to

backpack has a mass of 2 kg and is tossed at a velocity of 5 m/s.
Your mass is 48 kg and you have no velocity because you are
standing still. So, your velocity before the collision is-0 m/s.
First, find the total momentum of you and the backpack.
Remember, momentum equals mass times velocity.

total momentum = your momentum + backpack momentum
= (48kg X Om/s) + (2kg X 5m/s)

0 kg * m/s + 10 kg » m/s

= 10 kg * m/s

The law of conservation of momentum tells you that the
total momentum beforei the collision is the same as the total
momentum after the collision. After the collision, the total
momentum does not change. You and the backpack have
become one object and are moving at the same velocity. You
can use the equation for momentum to find the final velocity.

total momentum = (mass of backpack + your mass) X velocity -
10 kg » m/s = (2 kg + 48 kg) X velocity
10 kg * m/s = (50 kg) X velocity

10 kg *» m/s :
—(—5(—)gk-—g)—— = veloaty'

0.2 m/s = velocity
Your velocity right after you catch the backpack is 0.2 m/s.

N
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How ca ;
You Can"u;??hseslaargglct mot..ion after collisions?
predict collisions betweenct(zilsergéuon e cacum o
s objects. What 14]appens when
o er marble that is at rest? It depends
; % ses of the marbles t}.lat collide. The figure shows
marble with a smaller mass hitting a marble with a larger
mass. ‘The larger marble is at rest. After the collision, the
n?arbl.e with a smaller mass bounces off in the opposite
direction. The larger marble moves in the same direction

that the small marble was moving.

What if the larger marble hits a smaller marble that is not
moving? Both marbles will move in the same direction. But
" the marble with the smaller mass always moves faster than

the marble with the greater mass.
How does bouncing affect momentum?

Two objects can also bounce off of each other. The two
marbles in the figure have the same mass and are moving at

the same speed. They bounce off each other when they

collide. Before the collision, the momentum of each marble

was the same but in opposite directions. So the total

{2

momentum was zero. That means that the total momentum

after the collision has to be zero too. The two marbles must
move in opposite directions with the same speed after the

collision. Then the total momentum is zero again.

. Picture This

6. Describe From which
marble to which marble
was momentum moved?

Applying Math =<~
7. Analyze Would the total

momentum still be zero if

one marble had greater
mass than the‘other marble
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