

PHYS 101, March 31, 2026
INST EMBERLY: All right. Good afternoon, everybody.
We will get started.
And so we are starting a new topic today.
And over the basically the rest of the course for the next three classes is sort of a merger of material from chapter 12 and chapter 13.
And it's to look at periodic motion, which ultimately leads to wavelength motion so vibrations, think about sound, and today we are starting with well what is the source of a wave, the source of a wave is something that's vibrating. We will look at the physics of vibrations which brings us back to looking at springs.
Which we have already looked at before but now -- before we looked at how you stretch a spring.
When you stretch it and let go it keeps going up and down which is the source of a vibration. We will look at that today, the physics of an oscillating spring which is at the heart of all waves, and so that's what we will do. Here are some examples.
You will start today by just thinking about generally what it means to be periodic.
Simply put, it's motion or something that repeats itself.
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So we have got planets going around the sun.
You can define a period for a orbit of a planet. How long it takes to make one revolution and it keeps doing that. Doesn't change what it's doing.
A spider web. Doesn't look like a spring but it behaves like a spring. When insect is caught in it, it vibrates because it's elastic. Based on how much it vibrates, the spider can detect how big of a bug got caught in it. Here is an interesting application which if you are in bio may be you heard of it. How does a bacteria figure out where its middle is. It can't stick out a ruler. Doesn't have a ruler to go oh that's where the middle of my cell is. It sets up a chemical oscillation from one side of the cell to the other.
Something that's oscillating -- put a spring on

here.


Right?



If I get it oscillating, it goes up and down.


For something that's oscillating doing periodic

motion up and down where is it spending the least amount of time. The middle. It spends a lot of time on the ends. Slows down and gets going again. It's moving the fastest in the middle so it spends the least amount of the time there. There's other stuff



in bacteria cells which doesn't like to be in the presence of the thing that's oscillating. Where do they go? The middle and then the cell is able to divide. Oscillations allow you to measure both time and space.
So that's what we will start to get into today.
Announcements, I will try to post stuff about the final by Thursday.
And then I made some up dates earlier this morning in today's guide. So just make sure you reload it before you start today's guide.
All right. So we will talk about periodic motion.
Periodic motion repeats itself.
I'm still able to talk to you because my heart is beating periodically. There's also circadian rhythms. Give us ability to track the 24 hour period of the day. Genes in our cells go up and down with the period of 24 hours allowing us to keep the time of the day. This doesn't look like the motion of this mass going up on the spring but it is periodic.
You can look at it, you see that signal repeats itself. The time it takes to repeat itself is what we define as the period. You will look at examples today. Have nothing to do with springs but



nevertheless are periodic and you will have to figure out what the period of the motion is.
So period is a time. It's just the time it takes to complete a cycle. Frequency is defined as one over the period and intuitively you can think of it as how much cycles did the motion do in one second.
So if I have a period of 2 seconds, if I have a period of 2 second, took me 2 seconds to repeat my pattern. My frequency is a half.
Which means that in the time of one second I was only able to complete half a cycle. If the frequency is two,...I complete two cycles every second. I always like saying units in words because it -- I think it helps to provide some intuition about what you are actually measuring.
So a spring is a specific type of system which when you get it moving or a mass on a spring when you get it moving, it oscillates. Remember springs obey hook's law.
And so if you get a spring moving, you stretch it, and then it starts going. You see it goes -- has a certain amplitude. That's how big it stretched.
Then it moves to the left and stops at the distance...and then it starts to move back. If there's no friction it will happily keep doing that



for all time. Going between how far you stretched it, compresses by the same amount goes back to how far you stretched it. Keeps doing that. The time it takes to get back to where it started is the period.
What you will look at today is does the period depend on how much you stretched it?
Does the period depend on how strong the spring is? Does the period depend on how much mass you hang from the spring? These are the three obvious things you can -- how fast it takes to complete a cycle depends on those three things.
The amplitude is how much you stretched and compressed it as it goes through oscillation.
Period is the time it takes to return back to where it started.
Frequency is just one over the period.
The other thing you will look at today and in your -- in some of your assignments is thinking about phase.
And so you have this graph of the motion, right? And motion goes up and down.
And you will hear something called phase.
Like, oh I shifted the phase of my oscillation by 20 degrees.
Don't be thrown off.



The idea is really super straight forward.
So let's look at the idea of phase using a simpler example which is just a straight line.
So here is the simple straight line. Y is equal to X. For every value of X you get the same value for Y.
Goes through the origin.
Here is a shifted version of that line.
That's all that phase is doing. Phase is just shifting it left to right.
So that is a shift of 2.
So a phase shift of 2 means I went to the right by a value of 2.
A phase shift of minus two means I just go to the left by 2.
So a phase shift is just taking something and moving it left or right. That's all it's doing.
So now if we look at a wave, which depends on the angle, here is what the COSINE function looks like. Start at one. Goes to 0. Goes to minus one at pie. I'm just shifting this left or right.
So what if I take that -- how big of an angle --look at the left most plot. By what angle did I shift that plot? I shifted it by 90 degrees which in radiance is pie by 2.



But there's another angle. Pi by 2 is also the same as minus 3 pi by 2. So with angles that's --there's always two phase angles that mean the same thing...I can wind up at the same spot going this way or the other way. Both are equally fine.
And similarly, if I shift it by a full 180 degrees, that's shifting it by pi.
So phase angle is nothing more than you are just shifting the function left or right. I moved over by
90 degrees or by some other angle. That's all that's going on there.
Here was one question which is just how long does it take for the object to travel a distance of 3 times the amplitude?
So we talk ourself through it.
So remember, in one full period, in one full period, it's gone from being stretched to compressed to all the way back. Right?
So in one full period, it's gone from where it started, compressed it, now it's back where it started again. That's what it means to go through one full period.
How far does it travel in one full period?
Well, it goes by A to 0, to minus A which is another A.



And then back and back again. It's gone four times that amplitude. Each pi by 2, each period by 4, it's gone a distance of A.
So to go three A is three-quarters of a period. Where do you wind up? You are at 0.
Right?
In the first quarter of a period you are at 0.
At the next quarter of a period you are at minus A and in the next quarter of a period you are back at 0.
How long has it taken? 3 quarters of the period.
So the answer is 3 quarters of a period.
You will do more questions like this in today's activity as you look at motion of a mass on a spring.
And looking at these sorts of graphs as well how to extract answers like questions like this from the graph.
All right. So I think that's the end of my slide there.
So there's just one actual hands on activity today, which is -- you will measure the period of different combinations of springs.
And masses.
And see if they obey the equation that you would have seen in your pre-lectures today about how a mass



on a spring behaves.
So I will stop there.
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