

January 27, 2026, PHYS 101
INST EMBERLY: Good afternoon, everybody.
Good to see all.
We will get started.
So we are continuing to talk about forces over the next couple of classes. And last class you worked through Newton's first, second and third laws.
And today we will explore the physics of a couple specific forces, which we experience on a daily basis.
Namely, static and kinetic friction, we have talked about air resistance. It's drag. We will talk about that with the topic of fluid. Don't confuse drag with the friction we are looking at today which is static and kinetic friction.
The other thing we will look at, seems kind of boring, which is the physics of a spring but it's not boring because all materials if you look at them microscopically behave like springs. Everything is elastic and stretchy to some degree. It's important to understand -- if you want to understand materials or how your muscles stretch and behave, how your skin and bones stretch you need to know about the physics of springs so we will look at that today.
Anyone have -- given that's what we are looking
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at, have any ideas about why I picked the pictures that I did on this slide?
Anyone have any idea why I picked these pictures?
STUDENT: Cars have suspending...mechanics.
INST EMBERLY: Yeah. So there's definitely the spring force is important for understanding the suspension of a car.
What about the top right picture? What is going on there?
What is going on there?


STUDENT: Burn out.
INST EMBERLY: It's a burn out. In light of what we are talking about today, what force do you think that's high lighting.
STUDENT: Static friction.
INST EMBERLY: Static friction, okay. Static friction means as we will see, when things are not moving with respect to each other. If you burn out the tires are the tires moving? They are. It's the other one. The top picture is about kinetic friction. What is the bottom left one about? Static friction. Your car is moving down the road, but are your tires spinning out?
They are not.



If you think about the point of the tire that's in contact with the road it is not slipping but it's exerting a force on the road and the road is exerting a force back, static friction. And the other is a picture of cool techniques that allow you to measure the springiness of stuff and here I'm showing you some optical tweezers that are able to measure the springiness of a protein in this case a molecule that's involved in processing RNA.
So just some announcements, you have some more problems due on Sunday.
You can find information about midterm one on Canvas.
Along with the formula sheet that you will have with the exam, so there's no need to bring any sort of crib sheet because you will have one with you -- it will be on the exam and it will cover stuff up to and including today.
So if you are starting to study, tips, which may or may not be exhaustive. If you review the activities, activities are designed to help give you hands on experience with the concepts we are talking about. Also visualizing the physics that we are look at through graphs. But also importantly, which we try do a bit in class and have dedicated class where we



just do problems is problem solving is important.
So in addition to the achieve home work I gave you a list of suggested practice problems from the back of each chapters. You should at least try to read through them and even better is work through some. Please get help if anything is not clear and unlike other courses you might be taking where you put stuff in your short term memory, physics is learned by doing, not by reading so do do do is the mantra.
I will shift gears and talk about what we will look at so today we will do some free body diagrams and we did that last class too. The key to free body diagrams is that you want to show all the forces that are acting on an object.
So drawing a free body diagram you may have several objects. May have something sitting on a table.
But you are interested in the thing that's sitting on the table. Not the table itself. So you want to just consider the forces that are acting on the object of interest.
Not the other objects which it may be interacting with.
So isolate the object from its surroundings. And draw the forces that are just acting on it.



It's always important as I stressed to put a coordinate system in, stating which directions are positive so when you translate your forces using Newton's second law and you have to add up the forces in the directions that you get the signs right. If a force is pointing one way and another is pointing the other way, the signs will be different. It's important to show which directions you chose to be positive or negative.
Draw a vector for each of the external forces.
There you go.
So that is drawing free body diagrams and you get practice doing that today.
Then if there's a net force, it can be help --there must be acceleration and that will acceleration will be in the direction of the net force.
So we will look at two specific types of friction today. Static friction is the frictional force that prevents an [reading].
Two surface in contact. One surface has a bunch of mountains and the other surface has a bunch of mountains and they interlock and you are trying to push and move the mountains with respect to each other. The interlocking generates a force which wants to resist you pushing against them and static friction



is a force that keeps an object at rest.
Now let's think about this table. The table is at rest.
Is there static friction between the supports of the table and the floor right now?
There is not.
Does it want to move horizontal now? It doesn't.
Once you start to push on it, it's not moving. But now there's static friction.
That static friction will be whatever it needs to be to balance the force that's trying to get it to move.
And to figure out its direction you have to ask yourself, if there was no static friction which direction would it like to move. If I push this way towards that side of the room, if there was no statics friction the table would move in that direction. But it's not so the static friction must act the opposite way. It always acts in the opposite direction that the object would like to slip if there was no static friction.
So static friction could be 0, if no force trying to get it to move. Once you start to push on it, it's whatever it needs to be to balance the force



up to a point. There will come a point where you push so hard that it starts to move.
And then it becomes sliding friction or what we call kinetic friction. What you will notice -- if you ever experienced this, when you push on something, for most situations you will look at a situation which violates this but for most situations when you push on something, it's like oh it takes a bit of force but once you get it going it's like now it's easier.
Right?
It takes a lot of force to get it to budge but once it starts moving the force you require is actually less.
And you will see that today in your activities, hopefully.
So static friction has a max -- that's the force at which once you get to that force, it will start to move.
But it can be 0. So it goes any where between 0 and the max value. When it's maxed out it's proportional to the magnitude of the normal force which may or may not be your weight. When I push on the wall there's static friction between my hand and the wall but has nothing to do with the weight. It's the normal force between my hand and the wall.



Friction always depends on the normal force but the normal force need not always be your weight.
Mu S is just some parameter that quantifies how sticky the surfaces are. It depends what surfaces are in contact. The second type of friction you will look at today is kinetic friction. Once the objects is moving you are experiencing a frictional force against the direction of motion. If moving towards that wall there would be a kinetic frictional force pointing the opposite direction of motion.
Kinetic friction never changes, always a constant. It's equal to also related to the normal force and the material parameters are quantified by this coefficient call mu K. In general, often, you will find as you will experience that mu K is less than mu S. Harder to get it to budge than it is to keep it moving. One activity today the opposite is true. Some situations the kinetic frictional force can be bigger than the max static friction force.
What is going on there, but you will hopefully observe that today.
And you will be exploring this graph -- on the bottom is the force you are applying. And on the vertical is the resulting frictional force that the object is experiencing. And so the first part of the



graph is static friction. You apply the force and the static frictional force balances exactly what force you are applying up to a point. Up to a max value.
If you apply a force bigger it changes to kinetic friction and that will be mostly lower and constant. You can keep applying more force, the X axis can keep getting bigger but the kinetic friction just stays constant.
And you will be exploring -- doing an activity to see if you buy that picture which I'm trying to sell you.
All right.
I just want to quickly go over a couple of bridge questions and this was -- this object is at rest. It's not moving.
There's a force trying to get it to move. But it's not moving.
So what type of friction is it? Kinetic or static?
STUDENT: Static.
INST EMBERLY: Static. In all situation the static frictional force needs to be equal and opposite to whatever the force is that's trying to get it to move. So the first two are straight forward fairly. A and B, if I push on it to the right with 200 newtons...in



which direction? The opposite way, to the left. For B it's also 200 Newtons but -- also to the left.
I will fill that in.
For C and D, you are pushing on it with 200 Newtons but it's not moving, you have to ask, well, how much force are you actually exerting in the horizontal direction. Only the X component of that force which is smaller than 200 Newtons. It's not moving so static friction just has to balance the smaller force.
So for both C and D, the actual amount of force you are trying to use to get it to budge is smaller so the static frictional force is smaller.
Let's look at E and F.
Say there was not the 200 Newton force there.
We have the weight acting down but there's a component of weight acting down the incline and if the object is at rest, which direction is the static friction? Up or down the incline? Up the incline and it balances that component of the weight. Right?
So now if I'm applying additional 200 Newtons worth of force does it have to get bigger or smaller? Smaller. Because you are helping -- you are actually applying a force which is helping to overcome gravity which is acting down and F is the opposite. You still



have gravity having a component acting down, static friction is going to want to act up but now you are adding additional force pushing down and statics friction has to balance both the weight of gravity or the force of gravity and the additional force you are pushing down and if you work through the details, you will see that E is quite small. 73 Newtons and F...more than 200 Newtons. E is the smallest, C and D are the next smallest and equal and A and B are the next and F is the largest. The right answer is that.
All right.
Here is a complicated situation.
You are pulling on two blocks. The top block to the left. Attached to a pulley. Which direction is the bottom block going to move? Left or right?
STUDENT: Right.
INST EMBERLY: Right. So we have a bottom block moving to the right. If you ignore the top block and just saw the bottom block moving to the right and you knew that there was kinetic friction between the bottom block and table, which direction would kinetic friction be acting? To the left.
So the kinetic frictional force due to the table on the bottom block is to the left because it's moving to the right. Now ignore the table and just look at



the two blocks.
The bottom block is moving to the right with respect to the top block. Agree?
So it's like imagine you have a table on top. And you are sliding this thing to the right.
In which direction is the kinetic frictional force...right or left? If this is moving to the right...also to the left.
So the kinetic friction force due to the table on the bottom block is to the left and the kinetic frictional force...is also to the left.
And so if you look at those options, statement D is the correct response.
So the correct answer is D.
If the top block is exerting a kinetic frictional force on the bottom block to the left, the bottom block must be exerting a kinetic frictional force on the top block to the right. So that's why when drawing free body diagrams it's important to isolate the objects you are interested in. Specially when dealing with multiple things. Newton's third law can get messy if not keeping track of things.
[Reading].
There's an equal and opposite force acting not on the bottom block but act on the top block and you



want to draw it correctly and on the right object. Take care when doing the free body diagrams.
STUDENT: For the friction on block M it's to the right...M one is to the left?

INST EMBERLY: Right.
Because again if you just think of M one is the table now, the little box M on top is just sliding to the left against the frictional surface so it will experience the kinetic friction to the right.
Another way to think about it.
Okay. So let me take you through the activity. First is pulling the blocks with different surfaces on them using the scales. And the second activity you will need to -- measure the physics of a spring so you will take a spring. We have our various stands here so you want to set up a stand with a bar to hang the spring and look at how much the spring stretches by applying a known force which is a -- known weight. So you hang a weight from the spring and the spring stretches.
If I change the weight, it stretches more.
One thing that will make our technician happy is don't exceed 50 grams. Or it will be like this, stretched out of shape. You can add combinations of



weights to go between 5 grams to 50 grams but try not to exceed 50 grams.
All right.
I have said enough. So get to it and we are here to help where we can.
When pulling on the blocks please do it slowly. It's difficult to see what you are looking for if you do it too fast so you have to do it slowly.
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