

February 12, 2026, PHYS 101
INST EMBERLY: All right. Good afternoon, everybody.
Hello.
So break is almost upon you. I'm sure you are looking forward to it.
I think this should be a fun class. As we look at an important principle, that energy is conserved.
Whatever energy the universe began with is the energy that we have in the universe right now.
Energy is never lost, it's never made. It's just transformed to one form of energy to another.
And so in today's class, we will look at -- last class you looked at work as a form of energy.
And how it changes the motion of an object and the motion of an object is also a type of energy.
Today we will look at some details but we will look at the end of the last class you looked at -- there are different types of forces. We can define potential energy and today's class is looking at where you go from potential energy to kinetic energy or vice versa...and along the whole way energy is being conserved. So we will look at that and hopefully have some fun in the process.
Just some announcements. Break is coming up but there's home work on Sunday and then you have time off
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from physics.
The midterm results went back. Had a reasonable spread. 72 is pretty good.
Your colleagues in Burnaby usually do a lot worse on similar exams so good job. If you didn't do as well as you had hoped, remember with my marking scheme, if you do better on the final your worst midterm goes away so you have another opportunity to do better on your final.
I can't make both midterms go away. Only one.
But that's one chance. One chance is better than no chance.
So don't fret if you didn't do as well as you had hoped.
All right.
So let's just review what we -- the ideas we looked at.
If you have a force acting on an object and it pulls or pushes...it's done work. If there's a net work the motion changes. Kinetic energy has changed.
This is the general statement which is always true that if there's a net work done on a system it's kinetic energy will change.
We saw the work -- either positive or negative. What you saw in the last activity of last class



is that you can broadly label force in two types. You can call some conservative, or nonconservative.
And nonconservative is probably something you are more familiar with. Where the amount of work the force does consider pushing something along the floor, the amount of work you do in pushing something along the floor it will take you more work to do zigzag pattern than just going straight across the floor, right? For things like pulls and pushing the amount of work depends on the path you took.
But then look at two other examples of force.
Gravity and the force exerted by a spring. The amount of work that gravity did or the spring did didn't care about the path, just cared about where you started and ended up. Those are forces we label as conservative. We can define potential energy and write things out differently. I'm not doing anything new here. Just saying the net work -- look at all the forces doing work on object you can label them as being conservative or nonconservative type...some amount of work done by the conservative forces, that equals the object's change in kinetic energy. Just separated the work into two types. For the conservative forces we can say the work is equal to or define it to be this change in potential energy where we give potential



energy is just this symbol U so just rewriting things a bit -- moving things to the other side, the amount of nonconservative work is equal to the difference of the sum of the two terms.
...which we will define as mechanical energy.
And so if you look at the difference between the mechanical energy -- so you have some amount of potential energy and some amount of kinetic energy...some amount at the end. Take the difference of two things and if there's a difference that's the amount of work done by nonconservative forces like friction...the situation you are probably used to applying from high school is the following situation, which is a very specific situation, where we can ignore nonconservative forces. There's no friction for example.
So in that case, the work done by nonconservative forces is 0.
So if we go back here, the left side of that last equation is 0, there's no nonconservative forces. What does that mean?
Well it means that the initial mechanical energy has to equal the final mechanical energy.
For the special case where there's no nonconservative forces working.



So if there's no friction, there's no pushes or pulls, whatever initial potential and kinetic energy the object has it must have the same value at the end. May be in different fractions of kinetic and potential. That's where mechanical energy is conserved. We will look at two types of potential energy. Potential energy due to gravity which depends on how high the object is above the floor.
The higher it is above the floor the more gravitational potential energy it has and the other thing we will look at today is the potential energy stored in a spring.
So whether you stretch it by amount X or compress it by amount X you put energy into the spring. The amount of energy put in the spring or...goes by [reading formula]. K is the stiffness constant. Times by how much you stretched or compressed it squared which you should have worked out from last class. We will explore that in today's activity. I want to take you threw some examples of applying this. One is relevant to the first part of today's activity as we will work out the details. Let me just switch.
Actually -- no I want to show you this video
first.



There we go.
So my family has been watching the Olympics. We were watching the snow boarding half pipe yesterday.
And I'm watching this and because I'm a nerdy physicist, I look at these as physics problems which most probably you are not. Going through the half pipe. So they are -- you see they jump in the air. Come to rest. If up in the air what type of energy do they have? Potential energy but what specific type of potential energy? Gravity potential energy.
And then they come back down into the half pipe and have converted the potential energy into kinetic energy. It's a half pipe so what other type of physics is it? What is the shape of a half pipe?
Circle.
So they are travelling through a circle.
So they are experiencing centripetal acceleration. So ask what are the Gs. Acceleration as going through the bottom of the half pipe. Why interested in how many Gs they pull? Humans typically black out when pulling four to five Gs...want to make that a event? No. Let's work through the physics of this. Here is person who is the hot shot yesterday.
From America, which -- not to be celebrated now. They go up.



They become all potential energy.
Then come back down and convert it into kinetic energy. Let's work out the physics of that.
And set it up for a second here. Well, that's all right.
There we go. All right.
So here is a -- the half pipe. It's a circle.
I looked up the height. It's 6.7 metres. 22 feet tall. And during the competition they said how high were the athletes going above the rim of the half pipe.
And the numbers that are coming up were about
2.8 metres.
So they have -- that's the max of their gravitational potential energy.
They come to rest in the vertical direction at that point.
And they come back down. At the bottom they lost all the potential energy.
And they are now kinetic energy. The question to ask is, what is their speed at the bottom?
What is their final speed at the bottom and what is their centripetal acceleration?
And express it in terms of multiples of the



acceleration due to gravity.
So in a few lines we can work out what that is.
By applying conservation of energy. We will ignore friction which is okay.
They are on snow. Probably not a lot of frictional loss...top is 0. It's all potential. The final energy on the right side is all kinetic.
So just solving -- solve for the final velocity. And we will stick in the numbers.
So the final velocity -- their total height in the air is 9.5 metres. Put it in, it works out to be about 13.6 metres per second. About 50 kilometres an hour. The down hill people are going about a hundred kilometre an hour. But they are not going through a circle. You carry the speed but going through the bottom of a circle so you feel -- heavier.
How much heavier? What is the centripetal acceleration?
Their centripetal acceleration at the bottom of the half pipe is just the speed squared divided by the radius of the half pipe. Put in numbers. 27.6 metres per second squared.
If we convert it to Gs, divide by 9.8, you get these women are experience 3Gs of acceleration when going through the bottom of the half pipe. Which is



significant. You feel it. They bend their knees at the bottom you see.
And that's because they feel a lot heavier at the bottom but they are not in danger of passing out.
Which happens around -- between four to six Gs depending on how initiated you are.
So it's safe.
Nobody is passing out due to how fast they are
going.
All right. There's a bit of Olympic physics.
May be you will start to see physics in the events you watch.
All right.
Let's do today's activity. If you open up activity 11, we will work through the details of the physics and then you will work out the details of the -- what you need to measure.
So here is what you will do today. We will build a bungee cord.
The bungee cord is made by connecting single elastic bands together in series.
And then you will pick your favourite stuffed animal.
And connect your bungee cord to the animal and come up here.



And try not to kill your animal. Is that animal alive or dead?
Dead.
We don't want dead animals.
So you will use your physics knowledge to figure out exactly how long of a bungee cord you need to make.
This one is obviously too long.
We are not just guessing. We are not engineers, not just doing trial and error. That didn't work. I will try this. We are physicists, we can figure things out and we will make a prediction for how long this has to be and then test it.
So let's work through the details about what we need to put into the problem and then what you need to measure so you can figure out how long the bungee cord needs to be.
All right.
So if you look at the activity guide, I filled in some details of the problem.
So let's talk it through.
Initially the animal's all potential energy. I will post the notes. They are on Canvas. It's all potential energy.
Then falls. And then stretches the bungee



cord -- stretches the spring. So in both situations the initial kinetic energy is 0 and the final kinetic energy is 0. You converted gravitational potential energy into spring potential energy.
That's what we are going to do. We will apply conservation of energy. We will assume there's no frictional forces acting.
And so mechanical energy is conserved.
So let's just talk through what are some other things. Here is the initial thing on the left. What is important about the bungee cord problem is that your bungee cord is made of a number -- little n, number of elastic bands.
So your animals falls and come to a position where the bungee cord is at the full length but hasn't stretched yet. Middle diagram. The animal fell a certain height and that's equal to the unstretched length of the cord. We need to figure that out. How long do I need to make this thing be.
And then the last diagram, the cord stretches and eventually they come to rest at the max stretched length of the cord.
So that's the right most diagram. And how much it stretches the cord is delta X.
The sum of the unstretched length of the bungee



cord plus the amount it stretches has to equal the height of the ladder which we know. We will measure it.
So we have this unstretched length plus how much it stretched. Has to equal the almost two metres which is the height of the ladder, which is H.
So we have MGH which is the initial gravitational potential energy gets converted entirely into spring potential energy. That's it.
Now we just need to stick in the various things and it's mathematical nasty a bit but we can work through it. The physics is rather simple.
Math is hard, physics is easy. All right.
So what is delta X as we just talked about, the total height it falls has to equal the unstretched length D which is the bungee cord plus how much it stretched so I can get rid of delta X and replace it in terms of H and D this thing we are trying too figure out.
So I substitute that in there.
Left side has not changed because it's in terms of things I can measure, the mass, height of the ladder and I have this delta X is now H minus D and you have to expand out the squares. Right?



We are not done yet because we want to write this now in terms of how many elastic bands, n, that we need. It shows up here in D.
The unstretched length of the bungee cord is just the number of elastic bands times their unstretched length. L is the length of a single elastic band. So D is n times the length of elastic band. Where else does it show up? Here is physics which you will try to measure. A single elastic band behaves sort of like a ideal spring. Over a certain range of stretches.
If I put two springs together as you will see two springs together in series, they behave like a softer spring.
So when you hang the same mass from two springs in series, they actually stretch twice as much because it behaves like a softer spring. If you do three springs in series, behaves like a single elastic band which is three times less stiff.
So it will stretch three times as much. So the more elastic bands you stitch in series, the softer your spring is becoming effectively. What you will explore is that the spring constant for the bungee cord goes as the spring constant of a single spring divided by the number of elastic band or springs you



hook together. The more you hook together the softer the spring gets, the stretchier it becomes. You will see if it's true. N shows up two place. Here and in D.
Which I put in here. So D depends on N.
And the spring constant of your bungee cord depends on N, how much elastic bands you have.
So you plug that in.
Oh goodness, this looks horrible. And it sort of is.
But you put it all in and simplify and you wind up with this final last result which is that we get a quadratic equation in n -- the number of elastic bands we need for the bungee cord.
Looking at this equation what do we need to measure?
Remember, H is the height of the ladder. We have a measuring tape.
You can measure H.
Little L is the length of the single elastic band. You can measure that. We have rulers.
M is you will pick a stuffy. You can measure the M mass of the stuffy using a scale and the last thing in the equation you need to measure is K.



Which is the spring constant of your elastic
band.
Well if you go back a few activities, where you
measured the spring constant of a spring by hanging masses from it you will do the same thing but now with elastic band. You can plug those into equation. Use the quadratic formula and you can solve for N. And build your cord with that many N and test it out. We will do that.
These notes are posted on Canvas.
So you can just -- don't care about the derivation, fine. But this is what you need to solve. That's today's activity. The last activity with the loop the loop is self explanatory. I won't go through it.
Record your video.
If there's time, and you are interested, I will like to try to a bungee jump in the mezzanine so we can see if we can get one to fall the full height of the mezzanine without crashing. That's the end for me.
There should be enough stuffed animals for everyone. If not, let me know. I have other ones.
Here is an important thing. Just a second. Before you get too busy.



If your animal starts here, and falls, and ends like this, have they fallen through the full height H of the ladder?
They start like this, but they wind up with their head down, have they fallen the full height H?
I'm seeing shaking heads no.
By what amount less than H have they fallen?


STUDENT:...
INST EMBERLY: How tall they are.
So if your animal has a significant length, such as the blue rabbit or monkey, wherever you see H in the equation consider not using H but H minus the length of your animal. Some animals are squat but for ones that are tall, you should change H to H minus the height of your animal.
All right. That's the only correction.
In the interest of time, if you started activity three, great but I think I will just leave it as optional.
It's good physics. It might show up on a midterm. Doesn't mean you shouldn't do it.
Right?
It's just in the interest of time -- then you are on break. Why stress over -- during break?
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