
We can now do problems like this:

h Speed?

But we still can’t do this, a collision:

(but, some complicated
function of time)

To solve something like this, we need something new: Momentum and Impulse

A Quick Recap of Where We Stand

Energy Conservation:

We’ve looked at two forms of potential
energy:

And we know how to include applied
forces and friction.
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Momentum and Impulse

Definition: Momentum of the object: 

Note: momentum is a vector quantity, so in most problems, we’ll work
with it in component form:

Can be positive, negative, or zero
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Newton’s 2nd Law Revisited

So, another way to write Newton’s 2nd Law is:

In words:      “Force is the time rate of change of the momentum of the object.”

Or even better:      “A force causes the momentum of the object to change in time.” 

Newton’s 2nd Law:
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Note:
The Acceleration is in the same
direction as the Force, and
the Momentum is in the same
direction as the Velocity.



The y-component of the contact force on the ball
might look something like this:

Impulse

Suppose an object is subject to 
a time-varying force: like a ball 
bouncing from the floor.

y

Apply Newton’s 2nd in the y-direction:

(Describes what a variable force does over time.) 4



Whiteboard Problem 11-1

What is the impulse on a 3.0 kg particle that experiences the
force shown below? (LC)

What do impulsive forces do for us?
We can exert a large force for a brief period of time, like
the time that the hammer is colliding with the nail.

Nail
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Whiteboard Problem: 11-2

Hint: find the velocity of the ball 
just before it hits the floor and
just after it leaves the floor. How?
I suggest energy conservation.

A 200 g ball is dropped from a height of 2.0 m, bounces on a hard
floor, and rebounds to a height of 1.5 m. The figure below shows 
the impulse received from the floor. 
What maximum force, Fmax , does the floor exert on the ball? (LC) 
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Whiteboard Problem 11-3: A Diving Board
While relaxing at the Rec Center after studying physics for 10 straight hours, your
friend asks you, “when someone goes off the diving board, what is the force
exerted on the diving board – isn’t it just the weight of the diver?” 
You reply, “no, the board bends a lot more when he dives than when he just stands on it.”
How can we determine the force the diver exerts on the diving board?

Watch the following  film clip of a
springboard dive. Assume that the
diver has a mass of 60kg. Use the
video to estimate the quantities that
you need to calculate the maximum
force on the diving board – you may
assume that the force time profile
is triangular like the last whiteboard
problem.
a) What is the maximum force on the

diving board? (LC)
b)  How does this force compare to the

weight of the diver?

I’ll leave the clip on repeat so you can
get your measurements – it’s in real time. 7

Kevin 105C on 1-Meter.mp4


Conservation of Momentum
Your author shows for a simple two body system and then for a general

isolated system of N interacting bodies how momentum of the system
is conserved:

For an isolated* system: *isolated means the net external force on
the system is zero

system The forces internal to the system 
cancel by Newton’s 3rd Law. 

Note: we’ll almost always apply this to a system
before and after an interaction in the form:

For an Isolated System:

So for the System:
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Whiteboard Problem 11-4

What a ridiculous way to stop a car, but it would work – might
break the windshield!

Your sketch should look like this (what is the system?):

A 1500 kg car is rolling toward you at 2.0 m/s. You would like 
to stop the car by firing a 10 kg blob of sticky clay at it.
How fast should you fire the clay; what is its speed? (LC)
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Perfectly Inelastic Collisions

The previous problem (WB11-4) is an example of a Perfectly Inelastic Collision* 
which means that the bodies stick together and have the same final velocity.

*All collisions conserve momentum. For problems where the final velocities are
different, we need some more information. We’ll see the other extreme, perfectly
elastic collisions that also conserve kinetic energy, next class.

The system is the two balls.

There are no external forces
on the system.

Therefore, the momentum of
the system is conserved:
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(Initial)

(Final)



Whiteboard Problem 11-5
(Another perfectly inelastic collision)

E, x

N, y
Initial

E, x

N, y
Final

Your sketch should look like this:

A 20 g ball of  red clay traveling east at 2.0 m/s collides and sticks 
to a 30 g ball of blue clay traveling 30o south of west at 1.0 m/s
What are the speed, V, (LC) and direction,     , of the resulting 
blob of clay?
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