

February 10, 2026, PHYS 101
INST EMBERLY: All right. Good afternoon, everybody.
Back to doing activities today.
It's midterm season. I saw some of you this morning, so hopefully that's going all right for you all.
But I appreciate you are probably exhausted, some portion of you with all the midterm stuff.
Hopefully today's class is -- well, not super busy.
But we are entering into a new topic so let me just -- we have looked at how do objects move, right? Need a position, velocity and acceleration to describe the motion of an object. We then looked at what causes an object to move. That's forces and we looked at various forces. If there's a net force the object will accelerate. Most of the problems we looked at in chapters 5 -- 4 and 5 dealt with simple situations where the net force was always just a constant. So the acceleration would be a constant so you can apply the ideas with motion with constant acceleration to solve those problems.
But there's lots of examples where the motion that is being generated is by forces which change with time.
So you have -- whatever the forces are that are
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acting on the object change with time. How do we solve those problems? Some are interesting.
Well, the machinery that we have so far doesn't really allow us to deal with those problems so we will come at it from a different point of view, and it's using these ideas of work and energy which we will work through today.
And so you all have a concept of what energy

means.



But we will make a specific definition here. So today, we will look at two types of energy.

The first is work, and work is understood as the energy required -- or the energy made by a force pushing an object through a certain distance.
So if you have a force, which is acting on an object and the object moves, that force has done work.
And it's a form of energy.
What happens when an object experiences some net work? Its motion changes.
And specifically then we assign an energy to motion which we call kinetic energy and you will explore this relationship today which is that the net work done on an object is directly related to how much the motion changed. Allows us to look at problems such as roller coasters or no shortage of Olympics



events, skiing or snow boarding down a slope and the slope is changing, but we can look at all those problems from this energy perspective.
Or bungee jumping, we will look at next class. If you come to next class it will be fun. You will build a bungee cord.
And importantly for those in life sciences, the human body is doing work all the time. Human body exerts forces on object and moves them through a distance. Where does the work arise from? Little molecular machines in muscles which are doing a tug of war on little filaments inside the muscles. Look at biceps, it's doing some amount of work as you lift a weight. You lift that weight through a definite displacement. The work comes from your biceps muscle...the molecular motors are pulling on them to contract. You add up all the little works done by little motors...you add them all up and leads to work that allows you to lift a weight and the source of that energy which drives all these motors come in the molecule which you probably heard about called ATP so you will look at how much ATP does our body burn through in a day, the question in the activity. The result I think you will find shocking when you consider how much ATP we burn through in a day.



Announcements. I thought I was doing you a favour by moving the achieve home work because you had a midterm, but achieve thinks Sunday is the start of the week. That home work is now pushed to being due this Friday if you didn't have a chance do it already. Still in the midst of marking midterm one but the results should be available soon.
Let's look at what physicists consider to be work. Object. Force acting on it at certain angle and that force causes it to move through a distance D. How define what we mean by work?
So because the force is acting at an angle we want to consider only the component of the force that's acting along the displacement. So for this triangle that's the parallel component of the force along the displacement which for this triangle is F COS theta. The perpendicular component is [reading] the one that does the work is force along the displacement. Any component of the force perpendicular to displacement doesn't do work. Think about object going around a circle with constant speed, must be a force, that force is always pointing toward the center of the circle but the displacement is always perpendicular to that force. Even though there's a force for something going around a circle



that force is doing no work and as you will see the speed is not changing. If it was doing work the speed would have to change. We will explore that as well.
And the physicists definition of work is -- it's the parallel component of the force times the distance. In this case is [reading formula].
It has units of Newtons which is the unit of force times distance and we give that unit -- a new unit called the Joule. Work is in Joules. It's a form of energy and if you are in chemistry you have probably heard of calories but in physics we describe energy in terms of Joules which is a unit you should use when talking about energy.
Work doesn't have a direction but it has a sign, as we will see. It could be positive, 0, or negative. If the force is in the same direction as the displacement, work is positive.
If the force is exactly opposite to the direction of the displacement, the work is negative.
And of course, if the force is perpendicular to the displacement the work is 0.
And I guess I didn't put this on the slide, the net work that's done leads to a change in the object's kinetic energy. Now we can understand what is meant by positive and negative for work.



So if the work done is positive, then if you look at the change in kinetic energy the kinetic energy change has to be positive.
So the final kinetic energy has to be bigger than the initial. If you do positive work you have to speed up. Your kinetic energy increased.
If you do no work, there's no change in kinetic energy. Your speed doesn't change.
Lastly, if the work done is negative, your final kinetic energy is smaller than the initial kinetic energy and you will slow down. Positive work causes you to speed up. No work causes no change in the speed and negative work causes you to slow down.
So let's look at some examples.
So this is from the bridge question that's some flagged.
So you have a box and truck. It's not slipping.
The truck is accelerating to the left. The box must be also accelerating to the left. What is the origin of that force? Due to the static frictional force between the box and the bed of the truck.
Prevents it from sliding to the right so it must be acting -- left?
The displacement is also to the left so the force is in the same direction as the displacement so



the work has to be positive.
Important hockey game on today. Hockey puck starts at rest.
But it given a final velocity V.
How much work -- how much does the work have to increase if instead of having velocity -- speed V wanted it to be 2V?
How much more work would you have to do to give the puck a speed of 2V instead of just V?
So work is the change in kinetic energy. Work is force times distance which is the origin case is just a [reading formula].
But now you want the final velocity to be 2V so the final kinetic energy in this case is 4 times that. Kinetic energy depends on the speed squared so if you double the speed you quadruple the kinetic energy.
You have to quadruple the amount of work you
did.
So the answer is not just twice the amount of
work. You have do four times the amount of work. Kinetic energy goes as speed squared. Hopefully that helps to answer some of the questions. Exploring the relationship between net work and change in kinetic energy today. We will use these iOLab carts and you will attach a string to it. There's a force probe in



the carts that allows us to measure the force exerting. You will hang a mass to the string, over a pulley and -- if I could do it right -- there we go.
So you will pull it back.
Now when it -- I have a mass hanging from the string. Generate tension in the rope. When I let go of the cart the cart accelerates as the mass falls to the floor. Work out how it changing the kinetic energy using the iOLab. I made changes to the activity guide before class started so if you looked at previous version please reload it. I made last minute up date which makes this stuff more clear hopefully. That's basically it for today. I don't think I have anything else to say.
Other than this is the main activity and then the other stuff is more conceptual about connection between work and potential energy that we will work through.
All right. So get to it.
You want the board lying flat on the table.
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