

March 19, 2026, PHYS 101
INST EMBERLY: All right. Good afternoon, everybody.
So we are going to get started on a new topic
today.
And I will say that the rest of the course is
probably going to be new material for most of you.
So we are going to -- it will be -- yeah, quite different than all of the F equals MA mechanics type stuff we have done so far. We will talk about liquids and harmonic motion and sound and waves.
And the physics that is behind that.
So today, we are starting our examination of the physics of liquids.
And static liquids. So liquids that are not moving and the concept we will look at today is the idea of pressure and specifically how pressure varies as you submerge yourself in a liquid.
And so that's what we will explore today.
So just announcement, for the next four classes, we will use water a lot.
Water and electronics don't mix so please please keep your electronics away from the water. If you make a spill, we have lot of paper towel to help clean up any messes. Today we will play with matches so again, don't burn yourself.
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As you will be playing with fire today.
So we are talking the next few classes we are talking specifically about liquids but as you know, matter can exist in three common phases. There's some exotic phases not captured by the three which we won't talk about but in general, matter is found in these three phases. Gas, liquid or solid.
And a material can be characterized by various physical parameters but one that's the most important is something simple which is its density.
So we will talk about density quite a bit today.
And density is a measure of how much mass do you have in a particular volume of material.
And generally speaking moving from the right from gas to the left to solid, density gets higher.
Right?
In a particular volume, for a gas, you have less matter than say that same volume if you were a liquid versus say if you were the same volume as a solid.
The solid has the most mass per unit volume. But water -- the density of water gets less when it's in solid form. That's one of the curious features of water is that it's actually more dense when it's a liquid. Most materials behave the opposite. Not so with water.



So the first thing we will talk about -- that you will explore today is density. Thinking about the density of stuff, how much mass an object has divided by its volume.
And then the second thing that you will be exploring today is this other quantity called pressure.
Pressure is nothing more than a measure of if I'm applying a force to a certain area, the amount of force I'm plying over that area is the pressure.
Pressure has units of force per area and it's always acting or pressing on the surface in a perpendicular way. So if you were surrounded by air, this air is exerting pressure right now and it's always pushing perpendicular to all the various surfaces of your body. To give you an example of why pressure matters, here I have a plank of wood with a bunch of nails in it.
Now I'm standing on the floor. What is the force of me on the floor. The weight. The floor is pushing back on me with the normal force equal to the weight...if I stand on this set of nails, what would the force be on the set of nails? Still be my weight. Rite?
Would I want to do this on a single nail?



I would not.
What changed? My force didn't change. I'm still applying the same force on the single nail. What changed is the pressure. The pressure of that weight on the tiny area of a nail is massive compared to say pushing on a bed of nails. So I have no fear, I wouldn't do this without a shoe on but I have no fear standing on a bed of nails because my weight is distributed over all the nails but if just a single nail on here, that pressure would be a lot bigger and would puncture your skin and probably go through the foot. There's a difference between what mean by force and pressure. You saw this when looking at humming bird. The force...bird should have got a concussion but research showed it experiences a large force but spreads the force out over a much larger area than what would happen for our brain. The pressure the humming bird...corresponds to a higher pressure for us that would lead to a concussion so pressure is force divide by area so let's look at this in context of a liquid or gas.
And why in particular does it vary with...you went through this with the pre-lecture stuff.
Here I have a liquid and container. If I'm at a certain depth H below the surface of the water, what



is the force that I feel on top of me? The weight of everything that's on top of me.
So it's the weight of the entire atmosphere that's above me including the weight of all the water above me. Think of a column of water and air, the force pushing down on you is the weight of that. The further you go down in the water, the column of mass sitting on top of you gets bigger so the pressure you feel as you go further down in either a gas or liquid gets bigger because the weight of the stuff on top of you gets bigger the further you go down.
So pressure in a static fluid or you can think in the air behaving sort of like a fluid just gets bigger as the depth get larger.
And if you didn't get a chance to view this video, I will show it to you now.
This is on the activity guide.
So there's the weight of the whole atmosphere pushing down on us right now and this video shows you in a dramatic way how big that pressure is.
So this is a giant steel tanker.
What they are doing is sucking all the air out of it so there's no pressure inside, but there's all the pressure of the air outside.
So they are sucking all the air out of it and in



a few moments you can see the pressure of the air outside is sufficient enough to pancake a giant steel container. The question is why are we not getting squished?
I will let you think about that.
So if you submerge yourself in a liquid, you might sink or you might float.
Whether you sink or float depends on the following physics. When in a liquid, remember the pressure is pointing perpendicular to you at all points of your body. On the top of my body pressure at this height is pushing down but at the bottom of my feet if in a liquid...pushing up. There's a force pushing up due to the pressure down below and the pressure down below bigger so there's a net force up. That's the origin of the buoyant force. Due to the fact that pressure varies with depth. The pressure below you is bigger than the pressure above you so there's a buoyant force pushing up. What is that buoyant force equal to? Depends on the liquid you are submerged in so if you work through the physics as the pre-lecture stuff, it could be summarized Archimedes principle, the buoyant force you experience is equal to the weight of the liquid that has been displaced.
So if you weigh more than the weight of the



liquid that you would displace when you are in that liquid, you will sink.
Because the buoyant force which is the weight of the liquid that is displaced can't overcome your weight which is bigger than the weight that was displaced.
If you weigh less, sorry, yes, if you weigh less than the corresponding weight of the liquid you would displace then that buoyant force is bigger than your weight and you will float.
And you will float to a point where the amount of liquid that is displaced is -- that -- the weight of that liquid that's displaced is equal to your weight. So you will float to whatever level you need to be so that the volume of the liquid displaced, whatever the weight of that is balances the weight.
Archimedes principle, and you will explore it today.
Last thing, summarize it, [reading] Archimedes principle.
Weight of the water displaced.
And here is one question, this is just no matter what the shape of the container is, if you were at a certain depth in a liquid the pressure will always be whatever it is at that depth. Doesn't matter the shape. It's the density of the liquid times gravity



times the depth you are at. It can be exotic shape...regardless of the shape of the container.
So that is the answer -- don't be tripped up by shapes of container. You just need to ask how far I am below the surface of the liquid to figure out the pressure. Pressure only depends on the depth below the surface.
So we will do a bunch of activities today. They are all fairly short and conceptual but there are a fair number of them so you will have to work fairly efficiently.
So the first one involves observing some ice melt and figuring out if the water level will rise. I will get the ice out when we start.
And then you will sink -- the activity for the aluminum plate is there and the stuff for activity two is up here and I will do activity three with you now if you want to open up that and look at what that is all about.
So if you have younger brothers and sisters they may enjoy this trick.
Take a bottle of water and put a packet of ketchup in there. Some float, and some sink.
Some float, some sink.
The ones that float, if you squeeze on it, you



can make it sink. If I let go, it rise back to the top. If I squeeze it again, I can make it sink.
Using your ideas of pressure and Archimedes, I want you as a group to figure out what is going on.
For these ones that sink, can we make them
float?
So this one sinks, and I have got another one
here which is in this glass and it's also sunk. Any way to make it float? I have a vacuum chamber here where we can create a vacuum.
I will see what happens.
So we are sucking all the air -- sucking all the air out of the bell and creating a vacuum. Changing the pressure that's there.
And it floats.
And if I put air back in, it sinks.
So why could I make the one floats sink by squeezing on it and why could I make the one that sinks float by getting rid of the air?
To give you some clue as to what is going on, we will use marshmallows.
And if I create a vacuum again, what is going on here is relevant to what is going on making the sinking thing float.
What do you sea happening to the marshmallows?



Expanding.
A lot.
And if I get rid of the vacuum.
We get very smushed marshmallows. So what is going on with the marshmallows when the vacuum is created is helpful insight to figure out why this thing sinks or floats and you are welcome to come and eat marshmallows in both squished and nonsquished forms and I will get the ice out so you can all begin activity one.
And like I said, there's quite a few activities but none should take particularly long and if you have questions please ask. I know this material is possibly new and it's probably not super intuitive so we are here to try to help as best we can.
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