

February 24, 2026, PHYS 101
INST EMBERLY: All right. Good afternoon, everybody.
Hope you had a good break.
And we get back into it to finish off the rest of this term, half way through, a little more than half way.
So last week -- two weeks ago, we looked at energy, and how with certain situations energy in the form of kinetic and potential energy is conserved.
And this week, we will explore another physical quantity, namely, momentum and that it too like energy also under certain circumstances obeys a conservation law...when we look at objects interacting and colliding. Today we will look at what is momentum.
And what causes momentum to change.
So in pre-lecture reading you would have seen that momentum is defined as object's velocity times its mass. So it depends on the direction in which you are heading, and also how big you are.
Which you would have also seen in your pre-lecture -- it's a vector. Has a direction.
Always pointed in the direction of velocity. Which you will have seen in the pre-lecture material is that the thing that causes momentum to change is something we have talked about which is a force. If you see an
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object's momentum change, there must have been a force acting on it. So today's class is really looking at the connection between how much an object's momentum change changes and the force it experiences. To put this in context, let's say -- analogy, some of you may be astronaut's some day. The likelihood of space travel for you is more than for me. You will feel weightless in outer space, so your apparent weight is 0, you will be able to float around, but momentum is still momentum.
If you have a truck sized object heading towards you in outer space and you want to change its momentum, you have to apply the same force to it in outer space as you do on earth. It is not weightless from momentum perspective.
If you get hit by a truck sized object in space it would hurt like here on earth because the amount of force required to change the momentum of that truck sized object in space is the same amount of force you would have to apply on earth to change its momentum.
So we will look at that today and a couple of examples.
We will look at collisions. For those interested in sports medicine, collisions are big. Woodpeckers are constantly doing collisions.



And experiencing a lot of force.
Do woodpeckers get concussions? They don't. What is it about their physiology? If we did what they do, we would have a concussion. Let's go through announcements and get into today. I posted a new written home work at the end of last week. About energy stuff. It's straight forward relatively so I have it set to be due this coming Sunday.
So we can move on to other things.
And I just noticed our final exam date is posted and it's Saturday morning at 8:30 in the morning which is not -- I personally don't like. May be some of you are morning people. Any way, that's what it is.
Okay.
So back in chapter 4, we looked at Newton's second law as if there is a net force acting on object with a certain mass, it leads to the object having an acceleration.
Net force is equal to mass times acceleration.
The way it was originally formulated was this way. If the net force...the momentum will change. The rate of change in momentum...is equal to the applied force.
So that's how it was originally formulated.
So you can rearrange things and you can say that if there's a net force acting on an object over a



certain time T, delta T, this momentum vector will change by that amount. The force has a direction. It's applied for a certain time. That leads to a change in the object's momentum.
So let's look at what this actually means in practice. Here is -- imagine an object colliding with the floor.
And you had a way to measure...as it collides with the floor. We look at the collision with the floor as a function of time.
And we are measuring how big the force the object is experiencing at a given time. Before the collision it's not experiencing any force. The force is 0 that it's experiencing. Now the collision begins to happen.
It starts feeling a force.
Changing which will cause it to slow down.
Its velocity will change or in this case the momentum will change and the force continues to rise up until some peak value. Then it starts to leave the floor again, the floor starts to go down to eventually the collision has ended and it's no longer in contact with the floor. All collisions when two objects collide with each other, the force versus time looks like something like this. May be longer or shorter,



may have bigger or smaller force but the force versus time will all look like this.
What we mean by this expression that the change in momentum -- I wrote this term F average -- times the time it takes -- from this graph what it represents is over the duration of the collision there's an average force that acted over the time of the collision and the area here is what is equal to the change in momentum.
So you can think of it -- well there's a time varying force...or another way to think is there's a constant average force which is lower, acted for the same amount of time but the two areas would be the same and physically what they mean is how much the object's momentum changed. And given the term impulse.
But it's not really -- any way.
So that's what a collision -- that's what it looks like for an object experiencing a collision.
And you will explore basically the realities of this curve in several different contexts today.
So let's do that here with a demo I will do with you that helps explain the importance of air bags.
So I have here a water balloon.
And it's travelling down the road with a certain



velocity so has a certain momentum. And it's brought to a stop. Collides with something and brought to a stop. If you don't have air bag, if it just hits something solid what will happen to the water balloon? It will pop. Right?
But if it hits air bag, what does the air bag changing in this -- well, let's talk about momentum first.
Whether I hit something solid or whether I hit an air bag, what is the final momentum of this balloon whether it popped or not if brought to rest?
STUDENT: 0.
INST EMBERLY: Whether it pops or doesn't pop it's brought to rest so the final momentum is 0.
And in both cases what is the initial momentum.
Travelling down the road with some velocity and in both situations the initial momentum is the same too. So had the same initial momentum and whether it collide with something solid or air bag final momentum is 0. How does the change in momentum compare with the two cases? Same or different?
STUDENT: The air bag case the change in time is longer.
INST EMBERLY: Right but it's talk about -- we will see what the influence -- the important observation first -- realization first is that the change in



momentum for both cases is the same.
So you are travelling down the road with the same initial momentum, you are brought to a stop, whether by the steering wheel or the air bag. In both situations the change in momentum is the same. The area under the curve is the same in both situations.
Right?
I need this area to be the same.
As you said at the back, if the air bag makes the collision last longer, so the collision lasts longer, what must happen to the height of the this here. Bigger smaller stay the same? Smaller.
Because the area has to be the same.
Right?
So without the air bag, if you hit the steering wheel, this might be the area, but then with the air bag, collision gets longer, this force goes down.
That's the force that you experience, you obviously want to have less force, right? Let's do a demo. At the back, you might want to move out of the way.
Over here. I need three volunteers. Two to hold the cloth and somebody who thinks they can hit the side of a barn.
You pick up one side. You the other side. Hold



it over -- yeah.
Just one side. Dangle it.
Hold it over the foam. You stand here.
So this is going to act as the air bag. If this hit the wall it would likely explode but you can try to throw that reasonably hard at the cloth and I guarantee it won't explode.
You were supposed to hold on. Let's try again.
Basically, the -- if we had not run out of eggs this morning I would have brought an egg. That's more impressive.
All right. Try again. Hold on tight.
Indeed, that's what the air bag is doing. You hit it but it draws out the collision and making it last longer. Even though the change in momentum is the same. Whether you hit the wall or steering wheel or hit the air bag. You will explore this idea in an activity today and you will explore a variation on the same idea in the other activity and then you will look at two applications, one is the woodpecker and the other is the base ball, so get to it.
Just one note, so one activity involves why is



it good to bend your legs and not land stiff legged when you jump. So please if you have leg injuries don't be the person to volunteer in your group to do this.
Okay. Because you will step off here and land stiff legged.
Versus bending your knees.
If you are brave, and you have good legs, you can try it off these two. I wouldn't go higher.
But that's -- I don't want to have any injuries, just be careful.
Because if you do the calculation, if you land stiff legged, if you fall off that table -- these tables stiff legged, chances are most of you would break your leg. That's -- it's not much more than a metre. The amount of force your bones would experience by having a very short collision, from a height as little as a metre, could potentially break your leg.
So just be aware of that. All right.
That's enough for me.
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