

BISC 205, October 9, 2026
INST BAINS: Okay. Everybody, let's begin.
Finishing off the rest of the lecture notes an circulatory system. This is part of the lecture where you have some calculations do. Having a calculator handy or using your phone. In the midterm you can't use a phone. Has to be a non-programmable calculator. We started to implement this over all equation...this bulk flow rate. With parameters. Some are constant. Like pie and eight which is fine...but the variables like difference in pressure, we also have the radius of the lumen raised to the power of four and denominator we have the length of the blood vessel and the viscosity of the fluid inside the vessel. We will apply this to the example I mentioned, all right, we have original flow rate of a blood vessel, where the Q value is [reading]. You can change centimetres cubed to millilitres...same thing if you want. We will double the four variables here while leaving the rest the same and as you will see, that 100 centimetres cubed per second will change. It will increase or decrease by changing the one variable.
And so I will just go through each of these and implement how to use the equation to get the value that they have for each one of these scenarios. The
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first one is doubling the length.
What this means is eventually, from 100 cubic centimetres per second the flow rate, drop to 50. We changed the Q value to half the original flow rate.
So the way this happens is, all right, I will take the 100 which is the original value, times by wherever the variable here will change. It will be length. I leave everything else the same. Put a one. This time the length is denominator. One over something. I will put a two in for wherever the L is. That basically means I will go 100 times a half and you get 50. I don't touch any of the others variables. I don't incorporate the pie or eight.
Just the L on the denominator side, double the L. If everything else stays the same, I will just basically multiply the 100 by half. See how that's done? I didn't touch anything else. Only focused on the L.
Everybody okay with that?
Anyone have questions how I got this? No one?
Okay.
All right. So next one is viscosity.
And you will notice that from 100 we go back to
50 again in terms of centimetres cubed per second. Like L this is located on the denominator side of the



equation. Doubling -- I put the two wherever the aida is and have to multiply the original flow rate by half and you end up with 50 centimetres cubed per second.
Everything else stays the same. Only change the AIDA. The next is doubling pressure. This time it's on the numerator side of the equation. It says increased from 100 to 200. Doubled.
So therefore, if everything else stays the seam, I'm only going to put in the two where it says difference in P or delta P. Put two there.
Everything else the same. So I take the original 100 times by two and you get 200. You start to see how you implement the equation. Not putting in all the different values at the same time. Usually changing one thing while leaving the rest of it unchanged.
Last one is radius. That jumps from 100 to 1600 as you see here.
So we have to remember that radius is the only variable that had a power -- a power here. Power to 4 difference.
So if I double R, that will be 2 to the power of
4 on numerator side. 16 times. So the flow rate increase by 16 times and you get 1600 cubic centimetres per second. Last class, the radius...had the largest impact on flow rate. Only one that had a



power value. This case, to the power of four. Questions about that? There will be one scenario where you can change two variables at the same time while keeping everything else the same. It's -- you will be able to learn how to do that quickly but I will never go more than two variables. If you can do two, you can do three. It will be pretty self explanatory. I will do max two if we have to do that. I will give you a short answer question. Now, it says here the original -- using the original which is 100. That's the reference. Flow rate there. Only changing viscosity here. Two scenarios. Think what they both mean. Says if viscosity is reduced to 25 percent of original value and viscosity reduced by 25 percent.
Always remember when you plug something into the equation it's the final result, ends result.
So if I reduced to 25 percent of the original value, left with 25 percent of my original value.
Another way to write 25 percent is.25.
But if I reduce by 75 percent. What am I left

with?



Is it 25 percent? If I start at 100.
The answer is no. What left with?
Left with 75 percent and then you have to use



the 75 percent as final end value in the equation.
So it's like I said, see the difference between reduced to reduced by? There's a difference in terms of the meaning.
So I want you to -- let me see.
Use this equation, again, the old Q value is 100 centimetre cubed per second. Figure out which variable is viscosity...you can round up or down. You don't have to incorporate all the numbers in the decimal. Do that and see what you come up with.
Again, the reference is starting -- the old Q...[reading] located here. What is the new value going to be?
This is where you may use a calculator for this. May not be that obvious to do on the top of your head.
Starting to see more people nod their heads. Assuming some people have similar answers among the people in their group. How many are done? Most people. I will show the answer and ask you if you got same answer I did, make sure everyone is okay with how to use this equation. The first one reduced to 25 percent. Ends result. That's ADA value.
Everything else stays consistent so I will take the 100 multiply by one over.25 or one over
one-quarter if you want. Which means in the end it



will be 1 times 4 if you do the proper math but if you use the calculator, in the end you end up with 400 centimetres cubed per second. How many got that answer for A? Most. Anyone not get that? Were you able to figure out now how to use the equation? No one?
Okay.
Next one is similar type of idea. Still with what is left. In this case, left with 75 percent.
When you reduce by 25 percent, left with 75 percent. It's what is left in the end you use in the equation. Similar idea. Put in the [reading] multiply by 100 and you get [reading].
How many people got that answer?
Sometimes when people do equations, getting a decimal answer people think it has to be a whole number without a decimal like that makes more sense but you can get decimal answers and you can round off too.
If you want to round off to 133, that's fine. I just put two -- two digits after the decimal.
All right. Next one, let's do the radius. That's to the power of four. If radius is reduced to 75 percent the other is reduced by 75 percent. If I remember there are decimals answers here so you can round off.



Now notice it's radius to the power of four.
Once you have an answer for each one, make sure you double check it with your neighbours.
Once you do the firs one, B should be pretty
quick.
Same type of idea except the R may be a
different value of course.
Starting to see some people nods their head, confirming their neighbours have the same answer. How many are done? Put your hand up so I know. Some people are done.
All right. So again, if you working on it, fine. I will just reveal the answer. Reduce --[reading]. 75 percent left. .75.
It is going to be to the power of four.
Mentioned in terms of the radius here. Numerator side. Multiply by 100. Get this [reading].
How many got this answer here? Good.
And for the last one, if you reduce by 75 percent, you are left with 25 percent. Going through the same motions again, you should have ended up with something lower this. How many got that? Now you get the idea how the equation will be implemented when comes to the midterm. You just have to memorize



writing the equation. Put -- write it at the top of the first page where you -- for me, saying, when I read an exam, I focus on the exam I may forgot equations so I write all the important stuff at the beginning before I start to read anything on the exam. But do what ever works for you.
Okay. Now the -- what -- I've been doing everything in terms of reduction. Why can't something increase? Sure. Right? If you think about vaso dilation. You get a larger radius. If you increase by 25 percent, what do you think would go into R this time?
Think about final results. You don't have to do the whole equation. I will ask you, what would you put in the R in this case? Now you have practice.
Don't have to do the equation. I just want to know what you would put in for R before you calculate?
STUDENT: 3...
INST BAINS: R? If increased by 25 percent. STUDENT:...
INST BAINS: What would go into R?
Okay. We will come back.
STUDENT: 5 fourths.
INST BAINS: 1.25 percent. Over 100 percent. So the common mistake people think is when they see 25 they



will put.25. That's 25 percent but read the rest. Increased by. So always the end result so everything is increase by 125 percent.
Right? That's the final -- I should say outcome at the end is 125 percent.
So therefore, what you would put into equation here is 1.25 to the power of four. If you calculate it, you get multiply by the original flow rate of 100...[reading formula].
Somebody asked, what happens if the radius is increased to 25 percent. Make sense?
Increased by 25 percent I get. But does it make sense to say if the radius is increased to 25 percent when you start off with one hundred. The answer is no. From what happens off the 100 percent. If you increase -- impossible to increase to 25 percent if you are already higher than the 25. So increased
by -- so therefore -- I can -- it will be over 100 percent. How much will it be by. I will give you two scenarios...change two variables at the same time.
The original reference is [reading]. I want you to do this scenario. The perfusion pressure deference is reduced to 40 percent the original value but [reading].
This is like the highest level that you would



get in terms of a calculation question involving this equation.
Once you have an answer, make sure you double check with your neighbours as well.
Starting to see some people check their answers. So I will do a quick check. How many people are done? More people. I will review the answer. Double check if you got the same answer.
First of all, the AIDA being reduced by 25 percent...it's what is left in the end is 80 percent.
So therefore, I will keep that in mind that the AIDA is.8. But the perfusion...[reading].
So if I plug in only those two variables that changed keeping everything else the same, then what I would do is multiply that by the hundred and you end up with something that's 50 centimetres cubed per second. How many got that answer?
Most people did.
If you didn't, it's always a bit reduced to, reduced by, making sure you know what the difference is between the two terms.
So now that you have practiced this equation, and you also practiced writing this equation out because I said I won't supply this on the exam you need to know what it is. There are some assumptions



we are making for this equation to work. Some assumption have been violated. The equation use to determine flow rate is may be not the same exact value in the body but it's close. One of the closer ways to get to the actual value in the end.
So there are some disclaimers to put in.
And in terms of this, for example, the equation itself assumes that the tubes are blood vessels are unbranched and rigid and the flow involves a simple fluid moving steadily through the blood vessels.
That's the assumption but we know in real circulatory system there's points the vessels are branched and distensible so they have ability to stretch and expand. Vaso dilate and constrict in certain circumstances. Also the flow is not steadily moving. Tends to be pulse tile. Increasing and decreasing with each heart beat under certain circumstances.
Some scenario, we have -- this equation has disclaimers but it's the only equation out there that will give us what the value would be close to what is going on in your body at this point. Until we find something else that's better to determine flow rate for example. The other thing is the fluid is not simple.
There are other things that are mixed into your



blood.
Such as plasma, right? In terms of the contents
of the plasma but also the cells. You have red blood cells and white blood cells and plate let's. It's not homogeneous fluid it has other things mixed in too.
So one of the things I can ask on the exam is I can ask you make sure you know how to apply the equation, which you have done already, but I can ask questions about what are some assumptions that violate the equation. Right? Or don't follow the equation and you can say the only way this equation works in under these circumstances but in the real circulatory system this is what is going on. Still using Poiseuille's equation to determine the flow rate or how the changes in the variables affects the flow rate. Flow rate is may be not exactly what is going on in the body but it is it's the closest thing we can use. Questions about that?
No? Okay. All right.
So I will give you other equations in which we are not going to use this -- in terms of calculations the only thing to worry about is the relationship between the variables to whatever is measured in the end. We talked about flow rate. A measure of volume



of liquid moving per unit time. Millilitres per minute,...but sometimes people get that confused with velocity and velocity is based on a distance per time. Metres per second...the unit are in terms of the --millimetres per second. You see the time period is still in the denominator but the numerator there's a bit of a change. Volume based for flow rate and measurement distance rate for velocity. If you want to know the relationship between blood velocity and Q is it's still a direct relationship. If Q goes up velocity goes up in the end but when comes to the equation itself, we see it's divide by for example cross sectional area. As I mentioned some point in the circulatory system, there will be branching.
Branching is one of the things that can increase surface area.
So just as quick idea here, I have a graph where at the top I have the different blood vessels from aorta to venacava...[reading] velocity is the blew curve from low to high. The only point in the body where there's high surface area is capillary. That's the focus here. See the area has significantly increased at the capillaries here.
But what happens to the flow rate? To the velocity.





down.

So if area goes up, then your velocity will go


Okay? So you see the blue curves shows it will

be decrease. Makes sense because the site of the capillaries is where a lot of diffusion will take place. I would rather have the fluid moving slowing through this so I can get...oxygen and nutrients to come out and any of the waste to go into. If you have fluid moving too fast through the capillaries the amount of diffusion would be impacted but also high flow rate may damage the wall. They are thin walled. Like I mention, more of a relationship thing. Not putting numbers into the equation but with blood velocity it's proportional to flow rate and have to also consider cross sectional area...and the with the capillaries. Questions about this equation at all?
Okay.
Then I will -- down to basically a couple more equations. Again just relationship. Not putting numbers in. Says pressure can exert force on walls on the...Poiseuille we talked about perfusion pressure.
Which is flow in and flow out of a blood vessels. Last class I talked about the pressure pressing against the inside of the blood vessels. That's your blood pressure. ...and to make sure there's a



distinction here, there was one type of pressure you learned last class when you learned about capillaries. The osmotic pressure. Which is basically the pressure in terms of -- that's applied to the capillary where you move materials into the capillary. Remember, the interstitial fluid had few solute in it compared to the blood. Water will always move from area of low total solute concentration to high.
From outside to inside.
That pressure that I'm talking about in this scenario...not the same as osmotic pressure. Osmotic pressure is based on the total solute dissolved. The difference between...it's not mechanical pressure.
The pressures I'm talking about here are mechanical pressure. The blood pressure from inside is mechanical and the fluid that surrounding the blood vessels will have its own weight. It's own mechanical pressure. Only talking about mechanical pressure difference across the blood vessel wall in this case. Says we have a pressure that will exert a force on the walls of the blood vessels and the heart chambers.
What will happen is there's something called wall tension. Wall tension and blood vessels is the force acting within the vessel wall to counter act the...and prevent rupture. Getting pressure from the inside, if



your wall is not strong enough you will get rupturing.
And so think about wall tension as like a stretching pressure. Allows something to stretch with the hope I can with stand the high pressure but hopefully I don't burst. Even though we have a couple new variables here, the good thing about this equation, there's no divided by. All direct relationships here.
So we have the wall tension which is T here.
I just have the units. Don't have to worry about that so much but we have a constant A [reading].
So again, this is not perfusion pressure deference. It's transmural pressure difference. The equation is pressure on the inside which is blood pressure minus outside pressure from the interstitial fluid. That's the main equation when comes to the this transmural difference. And multiply this by the radius of the lumen. Seems like if any of the variables P or R increase, the wall tension will increase as a result. If P or R decrease, then wall tension will decrease in the end.
Now the question is, A value here.
This A is a constant. Because obviously when comes to the circulatory system -- there are heart chambers and not tubed based but spherical. We will



focus on the blood vessels so the A will be one and so your only going to build that -- wall tension...if you come across a spherical chamber scenario you need too change A to a half.
So but we don't need to worry about that in this case...not look at that...for this class.
It's pretty simple equation that all the relationships are direct to each other.
So walls of a blood vessel with a large lumen radius will be exposed to higher tension. R goes up the tension will go up based on this equation.
Compared to blood vessels with a smaller lumen radius. Example, I will compare the arteries and capillaries. We know lumen for artery is larger compared to capillary lumen. So arteries will have higher tension in their walls compared to capillaries.
And a lot of this is due to the fact that, arterial walls have thicker walls. ...stretching at the arteries but to over come that tension, so it's not too much stress, the arteries will have a thicker wall to compensate. Someone will ask, what about veins? Last class I told you compare a vein and artery the same size. The lumen of the vein is going to be larger than the artery.
So then if you apply that logic here, R goes up,



wall tension goes up. Implying the wall tension in the vein is higher than in the artery. In real life that's not what will happen here.
In real life, the wall tension in the vanes is lower than the arteries.
So then somebody asked, how does this equation work for veins. There are two variables that affect wall tension. One is radius and the other is transmural pressure. Transmural pressure is BP from inside minus the...interstitial fluid. The outside interstitial fluid pressure whether vanes or artery will be consistent. The fluid outside the cells and that's constant no matter where it is in the circulatory system. ...in artery or vein? So arteries will have high high blood pressure. So that value minus the outside interstitial fluid pressure is quite substantial.
So it will be so substantial that each though the radius of the lumen is smaller for artery the
p-value will be really high, over compensate. So the wall tension will be high. If we look vein, the BP will be low compared to the outside interstitial fluid pressure pressing against the outside of the wall. So the deference is quite small. Even though the radius of the a vein, the lumen is larger, this value here is



going to have a bigger influence. It will be quite small.
So as a result the wall tension will decrease.
So don't just look at one variable and think that changes that T that the other -- that wall tension will increase. I get that. If transmural pressure is unaffected in both scenarios but here, like said, with the vein, yes has a larger lumen compared to artery same size but...the transmural pressure deference is pretty much for artery higher. The BP inside is higher compared to the...inside the vein.
Anyone have questions about that so far?
So far, we didn't plug numbers in here. Just looking at direct relationship. If you change one thing what happens to the wall tension.
The last one I will mention is what about wall stress? We have to think -- remember there are some blood vessels have a thicker wall than others. The original equation I should have mentioned here this one over here can be rewritten where the wall tension can incorporate two things which is wall stress and wall thickness. You multiply the two terms.
So if this is the original equation and we assume A is 1, only look at blood vessels and not



chambers...I change the T to be wall stress times wall thickness. This is stress and this is thickness. If only solve for wall stress I move the W down to the denominator. So what this is actually used for is to show you that from this relationship, if you can increase the wall thickness of something you can off set its stress or tension that's built into it.
So if you actually have a scenario here, although a large radius of artery would result in high tension, on the walls, their thickness...[reading] from bursting. Another way to say, wherever there's high wall tension they will have less stress.
Because they will have thicker wall.
That will makes sense. I don't want to have scenario with high wall tension and high wall stress. If high wall stress the blood vessel will burst.
So again, these two equations I just mentioned, is looking at relationship aspect. If I ask on exam, if blood vessel wall thickness increases what happens to wall stress. It will decrease. Based op this relationship. That's the type of question I can ask. You don't input values. The only one you put in values is Poiseuille's equation.
Anyone have questions about that so far? And also with these miner equations I just



showed you, I put that on the front page as a student, so that I remember that relationship and not forget it as I read the questions. Last part we will look at cardiac out put. This is the measurement of blood pump out per minute...
Now, usually when comes to cardiac out put, the focus is usually on the left ventricle more so than the right because the left ventricle delivers blood to the systemic circulation...either way, we will just consider that it's the amount of blood pumped out of each ventricle per minute.
So there's equation that you will need to know for this. Some of you probably know from kin if you took those course. Heart rate. Times stroke volume. So the stroke volume is volume of blood pumped out per heart beat...this is direct multiplication between those two parts.
And so there's going to be one more equation at the end you need to memorize. Before that, I want you to know a couple of terms that apply to that equation.
So after atrial -- SYSTOLE is contraction [reading].
Which is the max volume of blood in the ventricles at rest.
The ventricles have not contract yet. Just



filling up with blood now. When ventricles contract the blood doesn't all leave there's some left. You don't pump all the blood out. The blood that is left in the ventricles after contract is the end SYSTOLIC volume.
So how did you get stroke volume, the volume pumped out of the ventricles per heart beat. Take the [reading]...max volume of blood in the ventricles at rest minus what is left in the ventricles after contract. What is left -- the rest left -- what left is the stroke volume. Divide the end diastolic volume...so much so that we can now finally calculate the most important thing when comes to the cardiac health of the person is ejection fraction. The percent of blood ejected from the heart per heart beat. Stroke volume divided by the end DIASTOLIC volume times a hundred. Write equations down. We talked about cardiac out put. Heart rate times stroke volume and these two equations here. There will be a question that you will work on.
So just to let people know, what is the typical ejection fraction per humans. 55 to 70 percent on average. Low value is below 50 percent can signal heart failure...and which means your heart is probably not pumping strongly enough. And there are some cases



of what can cause this.
One, obviously weakness of the heart muscle like cardio MIOPATHY...reduce muscle contraction. Another is heart attack that damage the heart muscle.
So usually when you have a heart attack you lose heart cells function so when you recover, your heart muscle won't work as strongly so reduce the ejection fraction from prior to the heart attack. Another is heart valve disease so a narrow or leaky valve...weaken over time so the ejection fraction will decrease. The last is could be viral infection...can cause in inflammation...just mentioning some -- we can have scenario where you have less than 50 percent.
So yeah, the other is long term uncontrolled high blood pressure. The heart is working too hard to camp sate so it will start to tire out over time.
Now in a healthy heart ejection fraction will never reach 100 percent because the ventricles never completely empty...something left after the ventricles contract. To achieve 100 percent ejection fraction you have to remove every drop of blood out of the ventricles which is very energy intensive which will put strain on the heart and lead to heart damage over time.
...100 percent in a healthy heart should not



happen.
So this leads to this Frank-Starling that I want to mention. Named after two physiologist. One German...Frank-Starling people think the first name but see the hyphen? Both are last names. Named after two people based on the last names. Shows the relationship between end diastolic volume and stroke volume.
So where it looks at how a greater blood volume in the ventricles at rest [reading].
So this is more like thinking about rubber
bands.
You will basically start to fill up the
ventricles with blood after ateria contract. The walls will start to stretch. So think about stretching a rubber band.
Eventually the ventricles will contract to remove the stroke volume. Like that, what would happen is that the stretching -- stretch to a certain point and let go of the rubber band and that's the contraction of the ventricles. The longer you stretch the elastic band the more snap back you get. If you don't fill the ventricles...only stretch so much and let to go, won't snap back as hard on contraction.
The longer the bands stretches...



So as more blood flows...[reading]. Leading to increase in contraction force.
Let people know, when comes to muscle we see there's something building units of the muscle --striated muscle called sarcomeres. You start to see [reading].
And I will refer to this coming up in this part where it says here that now you see the whole sarcomere here from Z line to Z line? Next picture is half of the sarcomere. It's a mirror image and says there's a base line where the actin myosin has over lap and the...distance is going to be quite large.
When the sarcomere stretches, the Z lines will start to move further apart from each other. The sarcomere will get longer. But the distance will get smaller...more contact between the myosin and actin. Start to form cross bridges. The more cross bridges formed the more contraction...
So what they did was looked at this relationship both physiologists between stroke volume and diastolic volume...the rubber band effect. If I get more blood into the ventricles, the ventricles stretch more and you get more of a snap back...there's always a limit. Can you keep stretching the band forever. It can be over stretched so when you try to snap back it won't



snap back at all.
So if you over stretch -- put too much blood in the ventricles what happens is over lap between the...sarcomeres over stretched, is going to be less now. Which means you will have fewer cross bridges that will form so the contraction force of the ventricles will start to go down. There's a limit you get to the limit and cants go beyond that or...lower the stroke volume.
So that's the relationship that I want to mention.
And the other thing is, why do we have blood still in the ventricles...maintain stretching in the ventricles. If you have no blood in the ventricles, no stretching of the ventricles of the wall, so no snap back at all.
So you won't be able to produce a stroke volume. Make sense?
So either way, I will show the question here.
Basically, in terms of the calculation, I will post this as your practice. Involving the three equations.
There will be likely a question on the midterm related to this.
Implementing the cardiac out put...you can read



that. Plugging the numbers from the question into the equations and then we are pretty much done the circulatory system. Monday is holiday so Wednesday is the short answer section of the midterm. 50 minutes. Be here on time for that. And Friday first half is multiple choice.
Okay? After multiple choice I will start into the respiratory system. See you Wednesday.
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