

March 26, 2026, PHYS 101
INST EMBERLY: All right. Good afternoon, everybody.
So this is the last class on fluids.
My favourite class in the whole semester because it shows what we will look at today shows how physics con strains what bio can do. Bio is constrained by physics and the solutions bio comes up with is dictated by the physics it's experiencing. Today we will see in a clear and concrete way is the way micro organisms experience water is very different than the way we as humans do. The way micro organisms move around is very different than how we move around in water. I tried to give you snippets here and there how physics influences bio...fast runners and slow runners and today we will see how water and the physics of water is very different on the small scale compared to something that's much bigger.
So let's get into it.
Again, just be careful with the water around electronics.
You get to play with tub toys today in two different liquids. One is water, the other is glycerine.
Please don't put water in the glycerine because then it becomes diluted glycerine and then the physics
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is disrupted so try to keep it as pure as possible by not mixing. That's why there's a divider up.
Glycerine is hand soap. The main ingredient so no reason to fear getting your hands in it. It washes off. If you are allergic to hand soap please don't put your hands in glycerine but it's the common ingredients for hand soap so for most people it's not a big deal.
All right. So the previous couple of classes especially last class we talked about ideal fluid. Ideal fluid moves without resistance. That's not true for most fluids. All fluids when moving experience some frictional resistance. It's characterized by a physical property called viscosity. Two physical parameters you use to describe a fluid. Density, pretty much all the same for all fluid. About a thousand KG for...but they differ based on the viscosity. That measures how sticky a fluid is. If you try to push one layer of fluid with respect to the other, does it stick? We know water you can push it pretty easily but honey is pretty sticky. Honey has a higher viscosity.
And we will look at the impact of viscosity through a couple of applications today. Viscosity characterizes how much resistance a fluid has to flow.



It has units of Pascals times seconds and water has a relatively small viscosity. About one mill Pascal second and honey or glycerine in this case is a factor of a thousand to ten thousand bigger.
So it is dramatically more resistive to flow than water.
Why this matters is it dictates how a fluid flows. So fluid flows in two ways.
A fluid can flow smoothly which is shown on the left. That's called laminar flow. Everything has a nice stream line or it can be turbulent or chaotic.
Swirly things.
And how things behave in a fluid depends on --are they experience in the turbulent regime or the laminar regime?
Intuitively imagine there are two forces
going -- two forces that an object experiences when in the fluid. There's -- when you push through the fluid you change the momentum. If you change the momentum of the fluid you must also experiencing a force.
Inertia force. When you hit it and change the direction, you experience a force because of that.
The other force is the frictional force. This is the stickiness due to the viscosity.
We can form a ratio of the two forces. If I



take the ratio of the inertia force, how much I'm changing the momentum of the fluid as I move through it, versus how much friction that force is generating a get a dimensionalist number and it's a measure of does inertia matter in the fluid or friction...if inertia matters we get turbulent flow. Not much friction. I...get turbulent flow. If on the other end of the spectrum, really sticky fluid and not changing the momentum much you get laminar flow. It resists wanting to be banged out of the way. This number is called the Reynolds number. It involves the physical parameters of the system. Density and viscosity.
And then it depends on the shape, and the speed of the object that's moving through the fluid.
So the shape is characterized by this length L. That's how big the object is in metres and how fast it's moving through the fluid. Which is the speed V.
If the Reynolds number is small, that's usually because the viscosity is huge.
You get laminar flow.
If the inertia forces dominate, the speed is big or the size is big so it will deflect a lot, then the Reynolds number is large. Turbulent regime. This numbers tells you whether or not you are in the



turbulent or laminar regime.
And for laminar flow, the Reynolds number is typically smaller than a couple of thousand and for turbulent flow it needs to be bigger than a couple of thousand.
So we will get into this in a second with the first activity.
Let me just go over a few details for today.
So the second activity you will be setting up this. This is like looking at how fluid flows if you change the size of your arteries.
So last class we saw it didn't matter if the pipe is big or small, I didn't need a pressure difference. I didn't need a force to keep the fluid flowing through the pipe. Real fluids have friction. You have do work to keep the fluid flowing through the pipe. What you will explore is how you have to increase the pressure -- sorry. How changing the properties of the pipe affects how much flow you get out.
So last class you looked at oh what if the artery constricts? Plaque build up. Pressure went down. Should be easier to get through. Today's class that's not the case. The blood is also is real fluid and has viscosity you need more pressure to get it



through the tinier pipe so heart has to work harder. Pressure went down where the plaque build up but now have a narrower pipe and the heart has to work harder to get the same fluid flow going through. So you will test three different pipes. You will fill up this system with water.
Before you want to do the experiment and have water spilling all over the show, please keep the pipe like this.
Because as soon as it comes down, water will start to shoot out. We have a lot of paper towel but if you want to stop, raise it up.
Want it to go, bring it down and you will be filling one of these containers and measuring how long it takes to fill it to a certain volume and you will use a reference pipe and then two other pipes. One where you change the length and the other one where you keep the length the same but you change the radius or diameter so you will compare things.
So -- it's proportional reasoning. Let's think first. If I tell you the amount of water flowing through a pipe goes down as one over the length, if I make it longer, the flow goes down, if I measure a pipe of a certain length and I measure how long it took for the water to fill a certain volume, if I



double the length, if the flow rates goes up by two, stays the same or down by two? If inversely proportional to the length...goes down. By how much?
Two. Right?
So if it took a certain amount of time to fill a certain volume, for a pipe of length -- fixed length and I double that length, how long do I expect it to take to fill that same volume? If it's now flowing out half as fast? At the back.
STUDENT: Double the time. INST EMBERLY: Double the time.
These are the types of things I want you to be thinking about as you change the length or radius of the pipe. Oh, I have a reference pipe. Took this long. I change a parameter. The length or radius. You know how the flow should depend on those things so therefore I know how long it should take relative to what I first measured. Right? So that's how the pipes will work.
And then yeah, said about the swimming stuff.
Let's do the first activity. It's about mixing.
And I'm a nerdy scientist. I think this is the coolest thing you will see all day. That's just my opinion. Please get up and come around. Gather



around so you can get a clear view of this thing.
I have some food colouring here. This is your cup of coffee.
Right?
And if I put some food colouring in here acting like the cream, here is the stir stick, I will mix it up. Ten times around. One, two, three, four, five, six, seven, eight, nine, ten.
I mixed it up.
By stirring this object through water. Can I unmix it?
Who thinks I can unmix it?
Do you think I can unmix it? Couple of people think I can.
All right. Let's try to unmix it by doing ten things the other way.
Still looks pretty mixed.
So this is how turbulent fluid behaves.
If we calculate the Reynolds number this has a certain shape. Moved with a certain speed. I know the viscosity and density of water. If you calculate the Reynolds number you see it's big. When something is behaving in a turbulent way, I can't run the movie in reverse.
Right?



Generated lots of chaotic random behave. I can't get back to where I started by trying to undo the motion.
Here is a different cup of coffee. Happens to be glycerine.
Pipet here.
Do it that way.
Probably better at this than me. All right.
So I have some dye.
Now I'm going to -- you can see there's now dye in this glycerine?
I will mix it up.
One, two, three, four, five, six, seven, eight, nine, ten.
It's gone. Right?
Let's see if I can unmix it.
By going the other way. Reversing the movie.
Got back to -- able to unmix it and get back where you started.
Why?
Because this is behaving in a laminar regime.
For things -- for a fluid behaving in the laminar regime you can run the movie back wards. Whatever you do to the fluid you can undo to the fluid because it's



behaving in a very smooth and fluid -- laminar way.
Bacteria as -- this is very low Reynolds number.
The basically the same size of object, same speed, but the viscosity of glycerine is up by a factor of a thousand to ten thousand compared to this. Remember Reynolds number goes as one over the viscosity so now I have basically put ten thousand in the denominator. This Reynolds number is now super tiny.
So it's in the low Reynolds number regime. The fluid behaves in a laminar way. Bacteria, micro organisms in water experience water this way.
So water for a bacteria whatever the bacteria does to try to move, if it does the same motion but in reverse, it undoes whatever it just did to the water.
That's potentially problematic for how it might think about how to swim.
So you will -- with the tub toys, you will look at different strategies of how to swim and some strategies are effective in water at high Reynolds numbers and some strategies are ineffective when they are at low Reynolds numbers and you will see that today and be wowed by hopefully when you do that experiment. What you saw here is the physics helping to explain what is going on with the tub toys. Think



about this. You can come up and do it yourself.
I could make this behave like this by cranking it ten thousand times faster. If I could increase the speed by a factor of ten thousand, which is how much the viscosity increased, sure, I can put this in the high Reynolds number regime and it would be turbulent but I don't have the ability to make this go ten thousand times faster. All I wanted to say. Be careful with the water.
And hopefully you walk out going, oh that was interesting.
Don't set up the stuff on the table. Please do it on the floor. We don't want water on the computers and stuff.
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