

January 22, 2026, PHYS 101
INST EMBERLY: All right.
Good afternoon. Good afternoon.
So we will get started.
So we are now going to talk about causes.
Up until now all we have talked about is effects.
Now what I mean by effects is something is moving and we came up with a language for describing how -- or describing the motion of an object. It has a position, where is it located. It has a velocity. How fast it's moving and in what direction. And it may have a acceleration. Is its velocity changing.
Those are the three things we need to describe motion of an object.
Now we will look at what causes motion.
And as you probably all have seen in high school, PHYS100. Causes of motion are forces. We will move into the topic of forces which under lie motion.
And today we will look at all of Newton's three laws, the first, second and the third law and you will do some activities for each of those.
So let's just remind ourselves about the nature
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of forces and how they are related to motion.
So I am standing here. Are there forces acting on me? Back table? What is one.
STUDENT: Gravity.
INST EMBERLY: What is another force acting on me. STUDENT: Normal force.
INST EMBERLY: Anything else?
Yeah.
STUDENT: Force of friction.


INST EMBERLY: We will talk about friction next class.
If I'm just standing here, so jump ahead to next class. There's no pushing, just standing here, I don't need friction.
Right? There's nothing -- I don't need a force that's resisting being pushed.
We will get more into that on -- next class.
So just standing here, there's just two forces acting on me. My weight, which acts down.
And there's an normal force which acts up. Those are the two forces.
Is my motion changing?
As I stand here? Is my motion changing? It is
not.
So what must those two forces which are vectors,



what must they add up to? 0. Right?
So if there are no net forces acting on an object that object will not change its motion. There are forces acting on me but it means if the motion is not changing, I don't require a net force.
If there is a net force, so you add up all the forces act on object, there's net pull and net push --the object's motion will change. Then it's accelerating. So second law, if there is a net force...it must have acceleration and you look at the relationship between the net force, how much it accelerates and see it depends on mass.
So if you apply a net force it changes the motion and how much it changes its motion depends on how much mass it has. That's the second law.
And the third law you will look at well things are never acted upon in isolation. When something pushes on something that other thing also pushes back so you will look at the relationship between those two forces relate to each other.
Announcements. The first home work is being marked but you can look up the solution on Canvas under written home work.
And let's just go over a couple -- you will draw today, we will draw free body diagrams.



AI is not so good at this, yet, getting better so you have to know this. So here are a couple of questions flagged from the feed back. Box on frictionless surface and it's being pulled by a rope.
That's acting up at an angle. So what is the free body diagram for this object? So we can answer the question, how does the normal force compare to the weight of the box.
So let's look at the free body diagram, the easiest thing to draw is the weight. That's the weight.
And there's going to be one other force drawn which is normal force, and is it accelerating --changing its motion in the vertical direction? Is it changing its motion in the vertical direction. It's not. Remember, adding force is a vector problem.
Need to add up forces in both the horizontal and vertical direction and apply Newton's second law in both directions. In the vertical direction it's not changing it's motion. There's no acceleration in that direction. How must all forces in the vertical direction add up to?
STUDENT: 0.
INST EMBERLY: 0. Right?
Weight is acting down.



But I am pulling up with this force F one. It has a component in the up direction. It's a bit smaller than the weight but it has a component in the up direction.
So is my normal force going to be bigger, equal to or smaller than my weight such that the sum of those things adds up to 0? Has to be smaller.
Right?
So my normal force -- if you pull up on the box the normal force will be smaller. If I was pulling down, would it be bigger, equal to or smaller than the weight? Bigger.
And if you are pulling exactly horizontally, that's the situation when it would be equal to the weight.
So key lesson here is you have to apply Newton's law in each direction.
...if no, the net force needs to be 0 in that direction. And you need to do it for both the horizontal and vertical direction.
So it's less than.
And then this last question is just asking about the tension in the rope for those various configurations. If you look at in each of the situations, you have two equal masses hanging from the



pulleys.
And so the system hopefully you all recognize that you are hanging equal masses, the system is not going to move. It won't accelerate. If they were unequal masses, sure. It would move. But the diagram shows equal masses so won't move. The forces in both horizontal and vertical direction need to add up to 0 because nothing is moving. When you have systems where you have multiple objects tip is draw the free body diagram for each object itself. What are just the force acting on it in isolation. What are the forces? There's the tension of the rope and the weight.
And now for the situation -- is it accelerating?
No.
So the sum of the two forces had better add up
to 0 so they are equal and opposite to each other. The tension for AB and D are all the same.
And they are equal to the weight of the objects that are hanging.
The free body diagram for the central pulley, it has two ropes pulling down, both with the same tension.
And then it's hanging from a single rope.
How -- has two tensions pulling down and then a rope



pulling up. Well the tension in the rope pulling up has to balance both tensions that are pulling down so it has to have twice the force, twice the tension in it to balance the two tensions pulling down. Of the various ropes shown there, C has the largest tension. Because it needs to balance two ropes pulling down.
That's the free body diagram for the box. If you draw everything it has the weight and normal force, it's not accelerating in the Y direction so those better be equal and opposite and it has the tensions from either side which are pulling on it, and everything is balanced, so all those vectors add up to 0.
If those masses had been of different value, let's say -- doesn't matter. Let's say -- consider AB and C case. If one mass is five kilograms and the other mass is four kilograms, it has accelerate in the direction of the five kilogram mass, how would tension compare to the weight? Would it be equal now?
It can't be. Right?
There's still only two forces acting on the objects. The tension and the weight. Unbalanced --the two forces can't cancel each other now. So one is falling, one is rising. The tension has to be for the lighter mass, the tension will be bigger than its



weight and for the heavier mass the tension will be less than the weight so the system does this. Just so that you are aware that if you change the masses so you are not in equilibrium, things will change.
I think that's that.
Let me take you through the second activity.
Where you will explore Newton's second law the idea is we have fan carts.
And you don't know the mass of the fan cart but you want to find -- you want to figure it out by applying a force.
So I don't want you to come up and measure the mass at the start. Scales are for at the end.
You can come and measure the mass of the fan cart but before, you don't know what it is.
And you will apply a force to figure out what it is. You can turn on this fan and I recommend putting it on setting two or three. And leaving it there.
Because you will do two measurements. Don't do one measurement at setting two and another at setting one. Whatever setting you use, use that for both.
So this fan is applying a constant force to this unknown mass. What will it do?
Once I let go, I'm apply a constant force.
There's a net force in this direction. It



accelerates.
You will measure the acceleration using a program called Logger Pro. Works like the iOLab soft ware. The slope of the velocity versus time graph is the acceleration. So I have unknown mass M. But I also don't know the magnitude of the force. So the force is unknown. I have two unknowns. Newton's law says what? What is the second law? F equals MA. That's just one equation. I don't know F and I have M that I don't know. What is the only thing I know?
The acceleration which you just measured.
But if I have one equation and two unknowns, can I figure out the two unknowns? You can't. Need to do another measurement with a different situation. You will take a mass which you do know now. You will measure the mass of this. And put it on the cart so the cart is now heavier. So you will apply the same force.
Put it on the track.
And look at its acceleration.
So you applied the same force but to two objects with slightly different masses and you can work out what the unknown mass must be. And you can come and measure it. So that's the idea behind activity number two.



So you will plug -- plug this motion detecter into the desk tops. Find Logger Pro and hit play and you can get a velocity versus time graph. And the other activity is you will down load a physics app on your phone and ride on the elevators in the mezzanine and try to apply Newton's second law to that while watching what your acceleration is doing on your phone. That's the third activity.
And then the fourth activity is doing a tug of war among all your group members and looking at Newton's third law. I have said enough and enjoy.
In case you are looking for the tracks, the tracks are over there for the carts. So that's where you will grab them.
If you want to pull harder the red scales are more fun. Feel free to use the red scales.
There is just a few minutes left. We will leave out the equipment for next class.
You can finish up the activities. That's that.
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