

January 20, 2026, PHYS 101
INST EMBERLY: All right. Good afternoon everybody.
Sorry that the door was locked. I have to let security know to undo whatever they did.
So today we will finish up chapter 3.
There's a couple of topics in chapter 3 that we will come back to, but for the most part we are finishing up chapter three. It's a topic that I like, has a range of applications. For those interested in science of sport or helping athletes do better, projectile motion shows up a lot. It's an object moving through the air where the only thing that is acting on it is gravity.
So here is an illustration of a long jumper. And executing projectile motion.
So we will look at that today.
With -- I think it should be a fun class. Okay.
So thanks for getting your first home work in.
The second one is out and is due in just under two weeks.
It has a problem on projectile motion.
And again, thanks for the feed back, so this question number three was flagged a fair bit of times in your feed back and has to do with figuring out the
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connection between velocity vectors and corresponding acceleration.
So now we are in two dimensions. Velocity is not just pointing in one D. Not just left or rite. It's pointing horizontally and up and down. So it has a direction in two directions. It has a horizontal component and vertical component. Nice thing about velocity is in two D it's still intuitive, the instantaneous velocity is always pointing in the direction of your motion. So if your moving in a certain direction, that's the direction of your velocity.
It points in the same direction as displacement. Unfortunately, not so for acceleration.
As was the case in one B. Acceleration need not point in the same direction as velocity and that concept still holds in two D. So acceleration need not point in the same direction that you are heading.
And recall that the definition of acceleration is simply it's the change in velocity, the difference in two velocity vectors now, divided by the time. So in this question, we are given the direction of the final velocity. And we are told that the acceleration that the object was experiencing was always to the left.



And we have to work out what must be have been the initial velocity.
So the acceleration has to point in the direction of the difference between these two velocity vectors. So it's the final velocity vector minus the initial velocity vector. Let's work that out graphically.
So recall that acceleration points in the direction of delta V which is [reading formula].
Which if we think graphically about vectors I think about subtracting two vectors as addition. I add to the vector the negative of the vector.
I'm adding its inverse.
So what do I need to add to VF -- what vector --what vector do I need to add to VF to get to A?
What vector do I have to add to VF to get to A?
Hopefully you all see it's a vector that starts at VF and connects to A. VF plus some vector gives me A.
And what is that vector? Has to be minus VI. So that green vector there represents the negative of the initial velocity.
Now you have three option down below for what best represents VI. You want to pick the vector that's the flipped version of that. That's what it



means to take the negative of a vector. Flip it. Which AB or C is the flipped version of VI? Everyone.
A. Agree that the flipped version of the green vector is A?
So that is the right answer. That's A.
Yeah.
STUDENT: I was confused with the diagram. Y value the same...
INST EMBERLY: Should be. STUDENT: The diagram A seems --
INST EMBERLY: I am not sure how it looked in achieve. I was copy and pasting so may be I didn't preserve the scale. May be achieve did a better job of keeping the Y components the same. It probably did but I wanted to blow things up so you can actually see what was on the PowerPoint slide. May not have preserved the scale.
So you can imagine problems variations on that. You could be given the two velocity vectors, find the acceleration. So you have to take the final, add to it the flipped version of the initial, the result vector would be A.
...the three variations on a theme for such a question. All right. This is a conceptual question



that will walk you through which will help with the second activity and gets to the heart of the idea of motion in two D and projectile motion specifically, which is that whatever an object is doing in the horizontal direction has no bearing what it is doing in the vertical direction. Motion in the vertical direction is completely independent of what it's doing in the horizontal direction. Like you have two independent problems to work out.
So we have all these equations for how to describe motion with constant acceleration, you will use one set to describe what it's doing in the horizontal direction and another set to describe what it's doing in the vertical direction. We have a red and yellow ball. Starts from the same height. Red ball is released and the yellow ball is given a push in the horizontal direction. Which ball is in the air longer?
And which ball is moving faster before it hits the ground?
So key idea, what an object is doing in the horizontal direction has no bearing on what it's doing in the vertical direction. So if you are considering the red ball and yellow ball, is there anything different about what they are doing in the vertical



direction? No. They are both falling from the same height.
So if I look just at the motion of the yellow ball in the vertical direction it's just falling the same height as red ball...they are the same. What the ball is doing in the horizontal direction has no bearing what it's doing in the vertical direction.
Both started at the same height. Both started from rest so both fall and move in the same way.
That answers the first part.
So both balls are doing the same motion in the vertical direction. Both start with the same initial velocity.
So it takes them the same time to hit the ground.
That's their equation, describing the motion.
The second question is asking which ball is moving faster right before it hits the ground. So this is -- asking about velocity or asking about speed?

STUDENT: Speed. INST EMBERLY: Speed.
Speed is how big my velocity vector is. Just a number. Has no direction. Just how big the velocity



vector is.
How do their velocities in the Y direction compare when they hit the ground? Same or different? Same.
But what additional velocity does the yellow ball have? Velocity in the horizontal direction. If we answer a question about velocity, they both have the same vertical velocity.
They have different horizontal velocities. Because one is moving. The other is not.
In terms of speed, speed is just how big is my vector. And the yellow ball has bigger velocity vector because has velocity down and to the right. So it will have a bigger speed.
Since it has both vertical and horizontal motion.
I show you this example because it's relevant to the second activity which I will take you through now.
I said for those who looked through the guide I said we would work through the second example in class.
And I will take you through that now. Let me run through what we are doing today.
The first is just coming up for predictions with -- you toss the ball like this.



Ignore it hitting the ground. Only interested in it when it's in the air.
So don't track it while still in the hand. Only track it in the air and before it bounces. That's projectile motion. You will come up with predictions for what you think the velocity, acceleration and position should be in both the vertical and horizontal direction and using tracker you will look at it.
Hopefully your predictions match that.
The second part we will do a demo where you are a bio student and you miss a today's class and you are in MADAGASCAR trying to tag a lemur and you see it in the tree.
Sweet. I have the lemur. And I have a dart gun and I will be able to do some bio on this lemur.
But because you missed this class, you decide that you will aim the dart gun right at the lemur, now it's cheeky. So as soon as you press the trigger of the dart gun it hears the dart go and it falls out of the tree. Is your dart still going to hit the lemur?
Turns out, two wrongs make a right.
So you missed your physics class and got the physics wrong but the lemur doesn't know physics so both made mistakes and the result is you still get a first author paper in science because you got to study



this lemur.
Let's walk through this activity. So we have got our bow and arrow.
Which you are free to use. We have our lemurs. And intrepid group member willing to hold the
lemur.
We have NERF guns with bullets. Should be
enough for every group.
But we also have tennis balls and you can try to hit the lemur with how good your base ball pitch is.
So you will do this in to different ways.
We will do two different scenarios. The first is the lemur is in the tree at height H and you happen to be at the same height H so you are perfectly level with the lemur.
This should have flash backs to the problem with the two falling balls we talked about.
The lemur is like the red ball and the dart is like the yellow ball.
So they are both starting from the same height. And the dart is going to be fired horizontally. So the dart will follow that red dashed line.
And at the same instance the lemur is falling out of the tree. That dashed line. Want to ask is the final position of the dart the same as final



position of lemur? We just said that what happens in
X has no influence in Y. Both start at the same height...Y position of the dart and the lemur are always going to be exactly the same. The dart is always at the same height as lemur and you just need to get the dart to be at the same horizontal position as the lemur. That is fairly straight forward based on what we just said with the two balls.
You expect to hit the lemur because they are doing the same thing in the vertical direction.
The second scenario is trickier. The lemur is in the tree. You are on the ground and you have to aim up at some angle at the lemur.
This is where you made your physics mistake.
Your physics mistake is that you aimed your dart gun at an angle pointed directly at the lemur.
Notice how that triangle, dashed line is sighted right at the lemur.
But of course as soon as you fire it, it will follow the dashed red line.
Again, we have to ask the question, is the dart going to have the same position as the lemur. The lemur's position as it falls off the tree is the same as here but we have to figure out what the dart is doing.



And so now we have a velocity both in the vertical direction and the horizontal direction for the dart.
And here is where some math comes in.
That angle, that sighting angle which is the same angle you use to figure out what component of the velocity is in the Y direction and what component of the velocity is in the X direction is the same triangle as the height of the lemur in the tree...the horizontal range R so from high school math, if two angles share the same angle, the ratio of the sides are the same. The ratio of the velocities is the same as the ratio of the height to the range. You can stair at this -- you can come and stair at this for as long as you need. If we write down the position of the dart -- now this is not 0. There's an initial velocity in the Y direction.
And we have to multiply by the time it takes.
We can find that from the motion in X direction. The distance R it has to travel divide by the initial velocity it had in X.
Motion in X is just motion with constant velocity for a projectile. Substitute the time for this horizontal range and this horizontal velocity X...[reading].



Which using our similar triangles is height over the range. And you wind up that the position of the dart is just the height of the monkey in the tree minus a half GT squared which is the same as the position of the monkey or lemur. In the this more complicated situation both the lemur and dart will have the same final vertical position and you will hit the lemur.
So you will try to reproduce that. You may find it more challenging than it sounds and of course air resistance complicates things but we have a table top demo which allows you to duplicate this so it's a dart gun, and once you engage it, it turns on a magnet and you can hang the lemur up in the tree, with the magnet, and as soon as it gets released, the monkey falls and I will let you enjoy the experience of putting the bullet into the dart gun and you will see what happens. The success rate is higher than probably what you will experience with the bow and arrow and NERF gun. That's it for today. You have tracker stuff and hopefully have fun -- not shooting each other. There are safety glasses if you don't have protective eye wear and you don't trust your group members.
And we are not doing this, you know, oh I hit



the -- yeah, no kidding you can hit it from this range. You want to get projectile motion of your projectile. So we are not doing kill shots right up close.
Any way, have fun and we are around to help.
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