

March 17, 2026, PHYS 101
INST EMBERLY: All right. Good afternoon, everybody.
So we will get started.
So today we are finishing up the chapter 9. About rotating things.
And ironically, we will use the ideas of rotation to study things that are not rotating.
So this -- today's class is all about what are known as static problems or static equilibrium where the thing is at rest. It's neither translating or rotating. What you will see when we do these problems is not only do you have to apply the conditions all the forces have to add up to 0, it's not translating
-- have to add up to 0, and all the torques have to add up to 0. That's why the idea of torque is relevant to this. We will look at that today.
And you have the results back if you didn't
look.
Mean and median are pretty much where they
historically always are with the second midterm. A number of you did better than the median.
And some did not.
And I will post the solution shortly. So please look over those.
And just reminder, if you do better on the final
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your worst midterm get replaced by that mark so there's a chance to make up for a test that you didn't do as well on.
Okay.
So we want to look at equilibrium.
So all the forces and torques have to be 0.
And so here is an example. We have something in balance.
This is the first activity that you will work
on.
Figuring out where that mass -- where that mass
needs to be placed so as you balance the torque and the force add up to 0. So you have to do both of those.
So the forces you may have to add up forces in both the X and Y direction to find the forces you don't know and with torques, remember you have to pick a direction for torque. A torque that wants to spin an object counter clock wise is positive.
But if doing a static problem there better also be a torque wanting to spin it in the opposite direction so it's balanced and that will be negative. So in the torque equation you will always have some torques which are trying to get it to spin counter clock wise and some torques trying to get it to spin



the other way and the two things need to add up to 0.
So here are -- just to reiterate, now when we are looking at rotation problems, where we need to calculate torques, you really have to take care to draw the forces where they are acting.
So there are three force acting on the green beam. There's its weight. Which is this force here. The weight of an object always acts at its mid point, center.
There's then the normal force of the support, which is acting up.
And then there's the normal force IE the weight of this extra mass pushing down. So these are the forces that are acting on it.
And as you will see, it's not sufficient just to add up all -- all these forces need to add up to 0.
But if you want to figure out where you need to place this, you also have to apply the torque equation.
Each of these is applying a torque. The beauty of static equilibrium problems because the object is not rotating, you are free to choose the axis of rotation to be wherever you want. If I choose here, how many force are providing torques?
STUDENT: Four.
INST EMBERLY: How much forces are there?



Three.
Three forces. If I chose this as the axis of rotation are all of them providing a torque. I hope you are all saying yes. If this is the axis of rotation and this is providing a torque, this is providing a torque and this is providing a torque.
That might not be a very useful place to choose the axis of rotation because you have to consider three torques.
If you choose the axis of rotation to be instead this position, how many force providing torques now.
Two. You have simplified the problem. So a judicious choice of where to put the axis of rotation in static problems can help you. You want to choose it to be a location of a force you don't know.
Because if I choose it here, if I don't know what this normal force has to be, here, it drops out of the torque equation and I don't have to worry about it. As you work through today's problems you will be confronted with where to choose the axis of rotation. You should choose it so it makes the problem simpler. So it eliminates something you don't know. You want to draw the free body diagram where the forces are acting and choose the axis such that it can eliminate something you don't know.



Here was a -- there was a couple of questions that got feed back on the response and this is you are supporting a bucket but the support where you balance it is not in the middle.
So the question is, how do the weights compare?
So you have to figure out which bucket weighed more given that the balance point is here.
So you need to -- you want to draw the free body diagram. There's three forces acting on the beam. If told the mass of the beam is negligible. So its weight is irrelevant. If it had a weight it would act here at the middle. If it had a nonnegligible weight. But the problem says the weight of that mass is tiny so you can ignore it so there's just the three forces. Normal force of the support and the two weights of the buckets pulling down and it's in balance.
If I choose my axis of rotation to be the balance point, this normal force which I don't know doesn't provide a torque so it drops out of the torque equation. If you look at the torque equation, and I choose the axis of rotation to be where the support is, the weight on the left is providing a counter clock wise torque. It wants to spin it this way.
So its torque is positive.
Whereas this torque -- this weight here wants to



spin it clock wise, negative. Wants to...static. We can rewrite this. The ratio of the weights is equal to the [reading formula]. R two is bigger than R one so tells us W one has to be bigger than W two.
Which is intuitive. Right?
If you have -- you have to move towards the lighter object if you are trying to balance -- sorry, you have to move towards the heavier object if trying to balance lighter object. Think about balancing things.
And the last question, this is exercise to show you that you can solve the same statics problem choosing different axis of rotation. Each different one will give you a different value for the torque.
The torque you generate depends on the axis of rotation. Every different axis of rotation gives you a different set of torques but when you solve everything at the end of the day you get the same answer. So the exercise here was just to show you that you are free to choose the axis of rotation to be whatever you want.
So you will get a lot of practice today doing these types of questions.
And I will just lead you through a couple of the activities right now.



And you can get on with it.
Okay so the second activity is a challenge.
Nobody carries money anymore so I have a bit of money in my wallet.
So there's ten dollars for anyone who can successfully complete this activity. The money is on the floor.
And you have to bend over and pick it up. All of you can do that. Right? All right.
There's a twist now.
Which is, money is still on the floor at the same spot. You have to keep your -- heels up against the wall with your feet close together and now try to bend over and pick it up.
I bet I will put my ten dollars back into my wallet.
I will set up that activity over in the corner
there.
You can try to do it. Remembers heels against
the wall. Always have to be in contact with the wall -- I don't want gymnasts doing the splits here. That's not fair.
Your feet have to be against the wall relatively close together and try to bend over and pick it up.
That's activity two.



The third activity is about balancing a ladder.
And how the surface that your ladder is put on matters. In particular, the coefficient of static friction. I want to draw the free body diagram for you just so -- well, you will help me draw the free body diagram.
Just so that you can get a feel for how to draw these free body diagrams for -- I think this is activity 17, 3. And the situation is the following.
We have friction with the floor, this is roughly frictionless.
And here is the ladder.
It has a certain length L. Doesn't matter.
I will draw it in two different configurations.
All right. So there's the same ladder at a steeper angle. Here is the same ladder but at a shallower angle. Now I need some help drawing the free body diagram of this ladder. What is -- may be a table at the back. What is a force acting on this ladder?

STUDENT: Gravity.
INST EMBERLY: Where should I draw gravity?


STUDENT: Middle.



INST EMBERLY: In the middle.
Okay.
And the same on this one. Has its weight changed? No.
Still weighs the same. The forces are the same. Middle table, what other force should I draw acting on this ladder?
Yeah.
STUDENT: Normal force. INST EMBERLY: Which one?

STUDENT: The ground acting on the ladder.
INST EMBERLY: We will draw normal force acting up.
Let's call that the normal force due to the ground.
Yeah.
STUDENT:...
INST EMBERLY: There's another normal force from the wall.
It acts like that.
Are there any other forces acting.
STUDENT: Friction. INST EMBERLY: Friction.
Where does that act?


STUDENT: Along the ground --



INST EMBERLY: Along the ground and it must act in the opposite way.
That has to be static friction because it's not moving.
It's not slipping.
Those are the four forces. And I tried to draw the forces carefully so you see that even visually they add up to 0.
The forces in the vertical direction, the weight is acting down...those two needs to be equal.
The forces in the horizontal direction, the normal force of the wall is pushing to the right, friction must be acting to the left, those two forces must be equal.
Let's go to the shallower situation. The weight has not changed.
So the normal force acting on the ground hasn't changed.
What about other forces? Do you think the other two forces changed?
As you tilt a ladder down towards the ground, do you require more, less or the same amount of static friction as you tilt it towards the ground?
Think about if I have a ladder perfectly vertical, do I need any static friction in that case?



You do not.
So as I move from this situation to this situation, do I need more, less, or the same amount of static friction as the angle becomes shallower? It gets bigger. Any idea why it gets bigger?

STUDENT: Normal force on the left side, on the...increases.
INST EMBERLY: Why? STUDENT:...
INST EMBERLY: It's a torque -- the answer is actually because it's a torque.
How is the torque due to gravity changing as we make it -- as we make this angle get smaller? Is the torque due to gravity getting bigger or smaller...
STUDENT: ...
INST EMBERLY: As we move the ladder close to being horizontal, the torque due to gravity is getting bigger. The weights hasn't changed but the torque has gotten bigger. The gravity wants to torque this to the ground, fall to the ground.
That torque is being counter acted by the torque due to the normal force.
So the normal force from the wall has to get bigger because it's providing a counter acting torque.



So the reason why you need more static friction is because the torque due to gravity is getting bigger, that has to be counter acted by the torque due to the force of the wall and then static friction needs to get bigger to balance the force due to the wall.
So as you make the ladder shallower and shallower, the static frictional force has to get bigger and bigger up to a point you slip. That's what you will study in activity three. I will leave this up here. This is the -- activity asks you to draw the free body diagram. Well, this is the free body diagram.
So that's now done for you.
But you will have to now solve the two equations, the sum of the forces being 0 and sum of the torques being 0 to work out the details of the question. That's all I have to say. A couple of activities along with the challenge for activity two which will be up here.
All right. Get to it.
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