

January 29, 2026, PHYS 101
INST EMBERLY: All right. Good afternoon, everybody.
So today, we are going to finish up the last topic in chapter 5, that we will cover.
And it should be a topic that you saw in high school or in PHYS100. Describing the motion of an object going around in a circle with constant speed and then thinking about as well what are the forces that cause it to do so.
And there's a lot of fun applications, we will only touch on a few. Those who like roller coasters, the fun physics of circular motion and what it can do to your body, and for those who have experience in a bio lab may be you saw a cetrifuge and the physics we will do today explaining that, spin it really, really fast.
So lots of applications.
But the activities today are designed with the purpose of helping you to first understand, what I was told about is actually true about how to describe it and the forces -- understanding the forces that actually cause it also make sense. That's the goal of the activities.
Announcements, you have home work on Sunday.
The third one will go out shortly.
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Your midterm is in exactly a week and the info is on Canvas. Which is reproduced here. On Thursday you have the whole class time to write the midterm and covers material up to and including last class. Today we will eventually get tested on it but not next week. There's a formula sheet there with equations that you will have access to.
And the format is the first part is multiple choice questions, mostly about concepts like the bridge type questions or pre-lecture type questions you get.
Right?
And then followed by word problems.
You need to bring your student ID, pencil for filling in the bubble sheet. Good to bring eraser and nonprogramable calculator. That info is reproduced on Canvas.
So let's get into looking at what we are talking about today, which is simple example is just a ball on a string.
Either spinning vertically like this so it's executing motion in a circle with constant speed or you can think about it going around horizontally...we want to describe what is the velocity of that object doing. It's moving with constant speed so the



magnitude of the velocity is not changing.
But is the direction? Absolutely. You are going around in a circle so the direction you are heading is constantly changing so the velocity is constantly changing. Even though the speed is not changing the velocity is changing because the direction is changing. There must be an acceleration.
So the two key things you will work out in your activities today are what is the direction of the velocity as you go around the circle and because it's changing there must be acceleration so in what direction must the acceleration be. I will give you the answer. Which is what you will confirm with the activities today is that the velocity is always tangent to the motion.
And that the acceleration which we call the centripetal acceleration is always pointing towards the center so you should be able to work that out today in your first activity.
And in your pre-lecture, and in textbook, not going to do it here, but the magnitude of the acceleration which is pointing always pointing towards the center depends on both the speed and radius of the circle in which you are travelling and depends on the speed squared and goes inversely with the radius, the



larger the radius, the less the acceleration. The faster you go the more acceleration you require.
And you can work it out using similar triangles which is what the book does.
Okay.
So that's just describing it.
So there is an acceleration. If there's an acceleration by Newton's second law there must be a net force. In which direction must that net force point?
STUDENT: Same as acceleration.
INST EMBERLY: So if you have on object moving in a circle there's a net force and has to always be pointing towards the center of the circle. Will it be a singular force? Depends. When you add up all the forces the resulting force better point towards the center of the circle. For a case of a ball spinning like this, horizontally, what forces are acting on the ball? Gravity. Down. Is that towards the center of the circle. No. What other force is acting on the ball?
STUDENT: Tension.
INST EMBERLY: Tension. Is that acting toward the center of the circle. It is. For the ball going horizontally around the circle the force responsible



for centripetal acceleration is the tension.
For a ball going around in a vertical circle things are more complicated a bit.
So I will do this way so you can all see.
It's going around in a vertical circle. What forces are acting on the ball?
STUDENT: Gravity and tension.
INST EMBERLY: What direction is gravity always pointing? STUDENT: Down.
INST EMBERLY: Down.
Which direction is tension always pointing?
STUDENT: Changes.
INST EMBERLY: It changes. But it's always pointing towards the center.
But there are points on this trajectory where gravity is either pointing towards or away from the center.
So for instance, think about when the ball is at the top, right at the top, gravity is pointing down.
Tension is also pointing down. So both of those forces are adding up to provide the centripetal acceleration.
If we go now to the bottom, gravity is acting down away from the center, tension is acting up towards the center. In which direction must the



acceleration be? Up.
So if you think about the magnitude of the two forces which must be bigger? Tension or weight?
Tension.
Right?
So this is why roller coasters are fun.
For a roller coaster it's not tension. It's the normal force of the seat on your back side.
That's going to change depending on whether you are at the top or bottom.
Weight is always going to be the same.
But the sum of the two forces that you need to be pointing down.
Sometimes that will be your normal force will be bigger like at the bottom and sometimes at the top it might be less. You feel lighter.
May fall out.
Then on the sides, what about if you are at the side? Gravity is pointing down. Tension is toward the middle. Is gravity doing anything for your centripetal acceleration in this case? It is not.
For a vertical circle you need to consider the free body diagrams at different points.
So there needs to be the sum of the forces -- as you work through today the actual forces that are



causing an object to go around a circle will be problem dependent so you need to draw the free body diagram with the appropriate forces for the object that's going around the circle. The sum has to be a force pointing towards the center of the circle.
And just importantly, MV squared over R is the result, not a force. The left side of Newton's second law is the sum of forces. These are the real forces. That's the left-hand side. You add them up. The result is mass times acceleration. That's the
right-hand side. Don't be drawing MV squared over R as sum additional force. It's the result. The effect. If you want to think about cause and effect.
All right.
I won't go through this problem in detail but it was flagged as something that gave some trouble and it's just a tether ball and it's not -- the string is not perfectly horizontal it's making an angle and spinning around the pole at a constant speed. What forces are acting on the ball? Tension and gravity.
Gravity is acting down. Tension is acting up along the string. Does gravity contribute to the centripetal force or centripetal acceleration? It does not.
It is only the component of the tension that is



along the circle that contributes.
And then the question is, well, if I somehow double the mass of this ball, keep the speed constant, how must the tension in the string change?
What I will -- post some notes with the solution that you can review if you have questions, please ask, you will see if you keep the speed constant, the angle doesn't change.
So if you change the mass, what you will find is that even though I change the mass of the ball, if I spin it with the same speed, the angle it spins doesn't depend on the mass.
That's -- that allows us to simplify things and you will see the tension is exactly half what you need to it be. I will put the details -- mostly it's about converting the free body diagrams so you will have tension force, gravity acting down, then you have to apply Newton's second law. In two directions. The vertical component of the tension has to exactly balance the weight. That's important. And the horizontal component...centripetal acceleration. So you have two equations which you will see, work through, which leads to this result.
The only other thing I will comment on, with the fan cart where you estimate the mass, if you did



everything correctly most of you found you under estimated the mass of the cart so the value came out to be less than say 500 some grams and you correctly pointed out that it is due to friction.
And so I will post some notes showing that if you include friction in a sensible way it shows you why you are under estimating the mass.
So I will post that as well.
So there's three activities today. The first is a bit busy.
But you will basically create one of these. A ball on a string, using a ball that has a hook and some string. And you will record a video of it doing circular motion. Try to make it go around in a circle with a constant speed, you estimate the speed...and then you will use tracker to figure out the direction of the velocity, direction of the acceleration and the speed.
Hopefully things pan out.
The second activity is a simulation that helps you to connect centripetal acceleration to the applied forces to the object that you are studying.
And then the last activity is what I think is an interesting application which is that walking can be viewed as a problem in circular motion. When you



walk, your foot is planted, what is your body doing? Your body is actually moving in a circular path, it's going in a circular arc around your planted foot. So you are moving your body is moving with constant speed on a circular arc.
So it's uniform circular motion. And there's a speed at which you get airborne, you will work out.
For the speed walkers in the class, you will see how fast you can walk before you start jogging.
It's all dictated by the physics of uniform circular motion.
All right. I have said enough. Get to it.
And we are here to help. Especially with the first activity, if you run into hiccups, please let us know.
Heads up, looking at the time, midterm is Thursday. Tuesday's class is catch up class.
We will do problem solving so I just post a bunch of problems and you work on the problems but you can also catch up on anything that you don't finish today. Don't stress if things are going slower today than you wanted.
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