

March 24, 2026, PHYS 101
INST EMBERLY: All right. Good afternoon, everybody.
So we will get started.
So today, we are still looking at fluids. And the physics of fluids.
But now we are looking at the physics of fluids that are in motion.
So last class we just looked at static fluids, fluids which are not moving.
And we saw that the pressure in a fluid is related basically to how much force the fluid needs to generate to support the weight of all the fluid above it so that the pressure as you go further down in the fluid has to get bigger because it's supporting more weight.
That is still going to be true today but now when you have a fluid that's moving, imagine you are not changing the height but the fluid is moving.
And changing its speed.
Then just to go back to our connections between kinematics and dynamics. If something is changing the speed there has to be a force...in the context of fluid, what is the source of a force. Pressure difference. We will see, you need to have a pressure difference in order to get that change in speed with a
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moving fluid.
So we will explore that today.
And some interesting applications and consequences for how moving fluids can generate a pressure difference and that pressure difference can for instance cause lift allowing an air plane to fly or in the context of your circulatory system, pressure differences can lead to aneurisms, the blood vessel too much pressure and getting bigger or pressure going down where you get plaque, and then you risk the chance of your vessel actually collapsing so we will look at all these sort of ideas today.
So again, we will use water. There's an activity with water so be careful with that around your electronics.
We will also use a vacuum for one activity, so as groups come up and play with it, it will get loud in the room.
So just be ware of that. And there's quite a few activities today, again they are all short. A number are done via a simulation on the computer, but just be mindful of the time. If you try to keep it to no more than 15 minutes you should be able to finish up on time.
So a key physical characteristics of a fluid



which is different than a gas is that a fluid is incompressible. What does that mean? If I have a gas in a certain volume, guys, hello, I can take that gas and I can compress it and put it into a smaller volume. It's compressible.
What I mean by incompressible -- if I have a fluid, and I try to squeeze it, what I mean by incompressible is if I squeeze it, it needs to get taller. If it has a certain volume, if I squeeze, it will still maintain the same volume, the only way is for it to get taller. If I have a fluid in a certain volume because it's incompressible, if I try to stretch it, it will shrink. Whatever volume of fluid you have, if you try to stretch or squish it, it will still occupy the same amount of volume. What consequences does it have in the context of fluid flowing down a pipe? I have a certain volume of fluid moving down this pipe every second.
If the pipe change its shape, because the fluid is incompressible, the object will stretch, fluid will stretch or get wider but the volume will be preserved. So the volume of the cylinder on the left is the same as the volume of the cylinder on the right. So the amount of fluid the volume of fluid going through a pipe every second never changes.



Even if the pipe's shape changes.
So let's look at what the consequences are of that are for how fast the fluid flows, the flow rate is a constant. So at any point in the pipe, the amount of volume flowing past that portion of the pipe in a certain amount of time has to equal the same amount of volume flowing past the pipe at a different time.
Which you can then express that [reading].
That can just be summarized with the continuity equation. The product of the cross-section area of the pipe...is a constant everywhere in the pipe.
So if my area gets smaller, what must happen to the speed? The speed has to go up.
So when you move from a wide pipe to a narrower pipe, the speed has to get faster in the narrower part of the pipe. Just as per that expression.
Similarly, if you go from a narrow pipe to a wider pipe, the speed has to go down in the wider section.
Again, because fluid is incompressible. The volume can't change.
And there's an interesting application which is nicely seen with a water -- we can do it here. Next time you go to the sink, and watch what happens -- so



if I start to pour the water out of the beaker, as the water falls, what is happening to its speed? Getting slower, faster or staying the same?

STUDENT: Faster. INST EMBERLY: Faster.
So water as its falling is going faster.
But the volume of the stream of liquid because incompressible has to stay the same. If the speed of the water -- think of this as a pipe. What should happen to the diameter...it should get smaller. As the water falls you will see it narrows.
Right?
So it gets narrower as falls and that's because of the continuity equation and you can't compress a liquid. As it speeds up, the stream of the water has to get narrower because preserving volume.
So how does this apply to the circulatory system? What if I have many pipes? The statement still holds. Whatever volume of liquid enters the pipe has to equal the flow rate of liquid that leaves all the pipes.
So whatever blood leaves your heart, whatever volume of blood is leaving your heart every second, that amount of blood, that volume of blood must flow



out all your capillaries in that same amount of time. Blood is incompressible. Fluid.
So asking -- this question is asking how does the speed of the blood leave the heart [reading].
Well, if you look at the total cross-sectional area of the capillaries compared to the
cross-sectional area of aorta it looks like the bottom figure. The left is the single pipe of aorta and it's cross-sectional area ballooning out to the cross sectional area of all the capillaries. Looking at the diagram, how would you say the speed in capillaries compares to the speed in the heart? Slower. Right?
Going from a smaller pipe effectively to a bigger pipe. So indeed, the speed in the capillaries is less than the speed in the aorta and that's good. Gives the bodies and cells more time to extract nutrients and oxygen out of the blood because it's moving slower.
All right.
The main thing you will look at today besides the continuity equation is Bernoulli's principle.
Which scribes how the pressure changes. We talked here how the speed changes because you change the shape but now we will talk about how the pressure also changes.



And it has to speed up.
So there has to be a net force. Right? The chunk of fluid sped up. Work must be done on it.
So there must have been a net force. Where is that net force coming from? A pressure difference between the two points. There has to be a pressure difference between the wide part of the pipe and the narrow part of the pipe.
So the pressure has to be lower in the narrow part compared to the wide part and Bernoulli's principle in words is [reading].
Now if we allow the pipe also to change height, we can rephrase Bernoulli really just as a statement of the conservation of energy.
So think of this chunk of fluid has a certain kinetic energy. Now may be has a potential energy. If you raise it to a different height. Conservation of energy says, the change in kinetic energy plus the change in potential energy must be equal to any nonconservative forces that are doing work.
For Bernoulli, we are considering ideal fluid.
An ideal fluid means there's no friction. So it flows freely. Do we find any such fluid in nature?
Not in our every day experience. Liquid helium three has no resistance but do we encounter that in our



every day lives? No. All the fluids you encounter in every day lives have friction, are not ideal fluids.
We will explore that on Thursday's class...that there's no friction, therefore, the work done by the pressure equals the change in kinetic energy and the change in potential energy with fluid. That's all Bernoulli is. Just a statement of the conservation of energy...if we go back to the fluid being static where the velocities are 0, the two terms involving the speed if we make them 0, if the fluid is static we get back what we look at last class. The pressure difference between the two points depends on the height difference.
One bridge question which is asking us to consider this is call a Venturi tube and you have fluid flowing through a pipe and the pipe narrows and you look at the water levels in the two fluids in the two tubes that are sticking -- and asking in which tube does the water rise to the highest?
So what happens to the -- how does V two compare to V one? Faster or slower? Faster.
How does the pressure in the faster moving fluid compare to the pressure in the slower moving fluid?
It's smaller.
So if I have less pressure here and more



pressure here, which one can support a greater column of water or greater column of fluid. The lower or higher pressure? Higher pressure. Right?
So the higher pressure will be able to support a greater weight, greater column of fluid than the lower pressure...tube A can support more weight than tube B.
And you can go through it. P one is greater than P two. Which we just argued for. And so using the equations -- you can get to the answer using intuition though.
But using the equations, you can work out that the height in A has to be greater than the height in B.
Happy to go over that in more detail if more explanation is needed.
But that's where I will end today.
So again, a lot of the activities -- first few activities involve using a simulation.
And we have a couple of hands on activities here. The paper for doing the activity that involves the paper -- come and grab a sheet of paper here and try not to take too long on any of the activities. We are here to help with any conceptual issues that arise.
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