






PHYS 101 - Jan 6, 2026

.............................................. Graphing motion - class 2
.....................................................

INST ELDON EMBERLY:	All right, good afternoon, everybody, good to see I all.	I know some of you didn't make the first class, so welcome.	You probably notice that the set-up here is a bit different than a traditional lecture.	We work through activities as groups, so
just hang tight, and we'll set you up with a group

after I've gone over what we're going to cover today.

So last class and for the -- basically for the first couple of weeks, we're just coming up with the language for how to describe motion.	So last class we looked at position and if the object's position is changing we can find the velocity and the speed, and you looked at this in the context of walking.	We're going to revisit walking a bit today in this class we're going to look at how do you graph motion. Artificial intelligence is probably going to replace all of us at some point, hopefully replaces me in a couple of years, but what it doesn't do very well yet is recognize patterns, so one thing that we humans are still better at artificial intelligence is being able to see something visually and recognize patterns in
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that visual thing.

And we live in this data-driven world, the best way to virtual data is by a graph, so one of the skills that I hope you take away from this course is to be able to visualize data, see patterns in the data, and be able to explain it, because that's one skill where at least we're still better than AI.	And so today we'll be looking at data collecting for a moving object, how to visualize that data, and how to interpret what you see visually in the graph.	So that's today's thing, so we'll be looking at position in velocity, but now from a graphical perspective.
Some announcement, most of you registered for Achieve, and hopefully looked at the pre-lectures for today which took you to position and velocity as well as how to graph position in velocity, so you have some sense of what you're going to look at today.	After I've done talking, we're going to set up our groups on Canvas, and, again, if this is your first class, we'll help you to set that up.	And then your first written homework is due in a little over a week on this material, about position velocity on Sunday, and you should have gotten an invitation on Crowdmark about
how to submit.

All right, so I'll just talk for a few minutes








about how do we graph motion, so here are a couple of moving objects, a cheetah running, and one is a graph of the vertical position of one of the cheetah's pause as it's moving in time, it hits the grown, stays pup for a while and down again.	That's the motion of the cheetah's paw.	If you were just looking at the motion of another part of the cheetah, say, its midsection, that graph would look very differently; right?, it probably wouldn't be going up and down so much, it would be more just moving straight and increasing as the time goes along.	There's some motion capture data for a person walking, which we talked about last
class.	Are all the parts of your body moving in exactly the same way as you walk?	They are not.	And here is actually a way to visualize it.
So this is the graph, I think the top graph

there is the velocity of the person's arm as their walking, you can see there are portions where it's got a negative velocity, so it's moving backwards, and
then it becomes positive, and then it gets negative,

and then positive again; right?

So we're going to look at more detail in today's class about how to visualize graphically what the various parts of your body are doing while you walk.
So we're going to construct these positions








versus time graphs, and then how do you get from a position versus time graph to velocity graph, and vice
versa.

So let's just -- I'll quickly go over some notes with you, just to remind you of hopefully what you saw in high school, and then we'll look at a couple of problems from the Bridge assignment which some of you flagged as giving some issues.
So we've got some recordings of an object's position versus time, so got a coordinate system, it's got a direction, and at various time points we've recorded its position.
We can now take those positions and plot them on a graph.	So our historically axis is our time, and
our vertical axis is our position, so we generate a curve of position versus time.	All right.	What can
we do at this position-versus-time graph?	Well, I can look at its slope, so I can look at a change in position, what was the change in position from class class, it was a displacement, and that occurred over a certain change in time, which is the change in time,
so this is the rise, and this is the run, and the

slope is the rise over the run.	Well, the rise was the displacement, and the run was the change in time, that's what we defined as our average velocity.	So








graphically speaking, if you look at the slope between two points on your position versus time graph, what you're actually looking at is the average velocity.
So let's take a -- an example here of sort of a

later time-point, you can see your blue curve is the position versus time.	If I take these two time points here and here, I can calculate its displacement over its run, and the slope of it is that red line there, which would be our estimate for the average velocity
of what the object was doing between that time

interval.

Over that time interval, is it always moving

with that velocity?	It is not; right?	How can we get a better estimate of what have it's actually doing in terms of its velocity.	We want to shrink our time displacement or shrink how much our change in time is. So as I make this delta T smaller and smaller and smaller, so now my -- if you looked at over here if I have a as a matter of law delta T my rise is negative and my run is positive.		Now, that represents its average velocity here, and that average velocity is a much better representation of what the curve is actually doing at that point.	And in the limit that you made delta t supersmall, the slope becomes what we call the tangent, which is a line which is directly








parallel to the curve.	And that's what we call the instantaneous velocity.		So by looking at a
position-versus-time graph, the tangent to the curve which is the line directly parallel to the curve at that point, that's your instantaneous velocity.
All right, so if you have a position-versus-time

graph, you can go and construct the

velocity-versus-time graph by looking at the slope or the tangent of that curve.	So you'll be doing that today.	You'll take position versus time graph and try to construct a velocity versus time graph and do some measurements and see if actually your predictions worked out.
The last thing is what if you have a -- it's cut

off here if I have a position versus time graph I can get the velocity versus time graph from the slope or the tangent, how do I go back the other way?	What if I gave you a velocity versus time graph?	What if you have a graph that describes how an object's velocity changes in time.	How do I get back to its position?
So here here is a velocity versus time graph.	This is an object which is moving with a constant positive velocity and then slows down to 0; right?	So it was moving in the positive direction with a constant
speed, and then it slowed down and stopped.	So that








would be in words a description of this velocity versus time graph.	How do I construct the corresponding position versus time graph?	Well, it's not by taking slopes.	It's by taking areas.	So by computing the area underneath the velocity versus time graph, that tells you about the displacement.		So over a given window of time, whatever that area is, that's how far the object moves.
So if you're told where it starts, by looking at the area, you can find out where it ends up, by computing areas.
So in today's activity you'll take the velocity

versus time graph, and try to figure out the corresponding position versus time graph by looking at the areas under the velocity curve.
Does that make sense?	You'll be doing two

things, position to velocity by doing slopes, and velocity versus time graphs to position versus time graphs by calculating areas.
So let's just apply these ideas to a couple of

the bridge questions, and then I'll let you get started.
Okay, so sorry -- I should have made the font bigger.	Anyways, you've got a bacteria, and it's swimming and it's got this position versus time graph.








So it started at a positive position, swam to a negative position, turned around, and then swam back towards the positive position.	That's would be a description.	So what would be the corresponding velocity versus time graph?	How do we get velocity versus a position versus time graph.	So we need to calculate the slope of this and the slope of that.
This has got a positive or a negative slope?	Negative

slope.	Is the slope changing?	No, is it constant, is this slope positive or negative?	Positive
INST ELDON EMBERLY:	Is it changing, magnitude, is it bigger or smaller than this one.
FROM THE CLASS:	Smaller.

INST ELDON EMBERLY: Smaller. So we've got these options, we said the slope's not changing for those two things, so we want to pick graphs where the slope was
constant, OAE the velocity was constant over that whole time period, and so that's going to eliminate these two, and we knew that the first one was negative, and the second one was positive, so that eliminates C, and so the answer had to be D.
And the last question was students stays at her

initial position for a bit of time, then walks slowly in a straight line for a while, stops, finally runs quickly back to her initial position along a straight








line.	Which of these positions versus time graphs best representations the student's trip?	What do we know -- based on what is said, what do we know about their initial position and their final position
FROM THE CLASS:	They're the same.

INST ELDON EMBERLY:	They're the same.	Which of these graphs have the initial and final position being the same?
STUDENT:	C.

INST ELDON EMBERLY: C and B; right? So we can eliminate A and D because they -- the final position is not the same as the initial position.
So B and C, and we just have to figure out which one makes sense.	So they stay at their initial position for a bit of time.	Between B and C which corresponds to the person staying at their initial position for a time
STUDENT:	C.

INST ELDON EMBERLY:	C right, B they start moving straight away, whereas C they hung out there for a little
while; right?, so the correct answer was C.

All right, hopefully that helps you get more experience in your groups today working on these things.	Today's activity you'll be using your computers, either your laptops or probably easiest to








use the desktop PC's today because they've got the softwares already installed.	It saves you having to put the software in your laptops.	They're these Little cars, you'll plug the USB dongle into the desktop, and you'll execute various motions and generate graphs from the motion and then see how it
matches up with your predictions.	Everybody group can grab one of these, the TAs will happily try to help
you troubleshoot any of that.

Before we get started, let's try to sort ourselves into groups.	If each of you can log into Canvas.	If you click on "people", you should see a groups tab.	Again, for those of you who weren't here on Tuesday, we'll sort you out in a second.	Are you able to see a groups tab if you click on people?	You should see on the order of 18 groups there.	If everything is working correctly, you should be able to drag your name and put it into one of the groups.	 So ideally all the members of your group, please drag
your name into the -- into one of the groups that you

want, and I think I've said it to a maximum group size of four, and does that seem to be working, am I
getting the thumbs-up?	We'll sort you out.	Is that working?	It's not working?
Again, I'm not sure if this will work on the








phone or your tablet.	I know it works on Chrome and on Safari.	All right, so try Chrome, try Safari, hopefully that works.	And then you can get started. For those who are -- this is your first class, just raise your hand and we'll get you sorted with a group. Perfect.	[Pausing for exercise]...
Who is group No. 4.	Can she join?

INST ELDON EMBERLY:	While you're all still here, just let me remind how these play out.	What you do today, you may not finish all the activities today, sometimes it happens, so I always make the due date for the activities typically the evening of your next class.
So today's Thursday.	Today's activity will be due Tuesday night.	So you have time on Tuesday's class to finish up whatever you didn't possibly finish today, and then as a group, sort of finalize what you want to submit and submit.	Remember as a group, you just need to submit one document.	So I'm hoping that you're not all sort of independently doing your own thing.	Make one document, everybody should be okay with it,
because you're going to submit that one document on behalf of your group, by next Tuesday.	Does that make sense?	So, for instance, for Tuesday's class, again, if you don't happen to get through all the activities on Tuesday's class, you have Thursday's class to try








to finish up, and then it will be due Thursday night. So just so that we're all clear. Let you get back to what you're doing. [Pausing for exercise]...
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