

PHYS 101, April 7, 2026,
INST EMBERLY: All right. Good afternoon, everybody. So today we will finish up our last class with activities. And for those who are musicians or musically inclined hopefully today will give you a greater appreciation for your instruments you play. A better understanding of why things sound differently.
And for those who are not musicians still give you an appreciation for the music that we hear.
So we will look at last class we looked at travelling waves. So you are generating a disturbance. Making material oscillate up and down.
And that causes the near by parts of the material to also start to oscillate and what results is what appears to be a travelling wave. The material seems to be moving left to right. Has a certain speed and there's a certain wavelength or separation between the peeks of the wave and that's set by both how fast it travels and how fast you disturb it. Which is frequency. The speed of the wave is equal to the frequency with which you are oscillating the medium times its wavelength.
And you explored that with activities.
Today, you will see what happens when waves collide.
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And sound is basically the result of interfering waves as you will see or the music that instruments make is the result of interfering waves and we will look at some of that phenomenon today.
So as mentioned, the final exam info is there.
Formula sheet is there.
Instead of making a final or a last home work that's due, I made a practice problem set that covers the last topics of the course and then Thursday's class will be a problem solving class so please bring your problems and view it basically as two hours that you can dedicate towards working through the -- some questions and have myself and the TAs around to help you with that.
Okay.
Please fill out the course survey, I value any feed back you might have. There's a link on the side of the Canvas page which allows you to do the survey.
Okay.
So we are now going to talk about several waves coming together.
And we need to think about, first off, how much -- how far separated are two waves based on their -- this distance here. Here I have a wave in red.



It has some amplitude in the Y direction and has a location in the X direction. Another wave in
blue -- not in sink. I want to say how far separated are they.
So from here to here, or from that peak to this peak, is one wavelength. Right?
So both these waves have the same frequency.
But are shifted with respect to each other.
So looking at the blue curve, if I were to shift it by a whole wavelength, the blue wave would be completely aligned with the red wave. If I shifted the whole thing by one whole wavelength they would lie on top of each other. If I shifted the blue curve by half a wavelength it would start here, go up and come down. If a half is here and full wavelength is perfectly over lapping how much am I shifting the blue compared to the red? I have a quarter of a wavelength. Today you will figure out how much has one wave been shifted with respect to the other. For this blue curve, this shifted by exactly a quarter of the wavelength. Right?
If -- take this red curve and shift it over by a quarter of its length.
That gets you to the blue curve.
If I shifted it by half of its wavelength it



would take the blue curve to here. That's what we will do today, trying to determine how much of the first set of activities is trying to determine how much one is shifted with respect to the other. Why do we want do this? Because when I have two waves coming together, they interfere.
So I have our wave machine here. I will show

you.



So everyone can see.
What -- the whole -- all the physics we are

doing today is just the following. If I send in a pulse, you can see that a pulse went in, and then it hit here and it came back. Right?
So I will send in a pulse, pulse goes in, pulse comes back. Now I will send a pulse in and then I will send another pulse in. When the two pulses hit, look what happens. So I had one coming this way, one this way. When merged they got bigger.
That's all we are doing today. Two waves, they have two amplitude. When hit each other, their amplitudes add up. That's a case where -- when this end is open, the pulse came back on the same side. If I clamp this side and send in a pulse, you will see it's reflected and comes back on the bottom.
So I send in a pulse.



Goes down.
Now it comes back on the bottom.
Now I have a dip come back, a valley. What is going to happen when a valley hits a hill?
They will cancel. That's all we are doing.
So I'm sending in a hill.
It becomes a valley and I send in another hill.
Let's do it again.
I send in a hill.
It becomes a valley and send in another hill. When merge they perfectly over lap and cancel. When things add up it's constructive interference. When a hill comes in contact with a valley that can become destructive interference. The waves cancel.
Constructive interference and destructive interference.
So here -- this is now -- a wave is now --instead of just one bump it's a series. A series of hills and valleys. One coming from the left and one coming from the right. When perfectly in phase, you think back to the previous slide, they all add up.
If, however, they are out of phase, by a half a wavelength -- I have a hill over lapping with a valley that's when they are exactly a half a wavelength



separated, then you get destructive interference.
The valleys cancel the hills.
So we are going to look at those two things today. There are some cool things that result.
The other thing you will look at today is for the relevance of stringed instruments. Two activities here you can change the speed of the wave. You can change how thick the string is. If you play the guitar or not -- I play guitar so if you play, the strings come in different thicknesses. That's changing the mass...length which is the denominator here. Or you can dial up the tension. You can put more force on the string and dial up the tension. The speed of the wave on the string depends on these things. You can measure it. This is how it behaves. You will look at if you tighten up the string how does it change the speed and the resulting frequency.
So change the tension and the mass -- we will --today's activity is we are leaving the mass constant but we are changing the tension.
Let's talk about standing waves. When you play a stringed instrument you set up a standing wave. If I can get a volunteer.
Someone to volunteer? I need somebody to hold the end of this. We will make a giant guitar string



here. Hold that end.
This is the giant guitar string. Just hold it taught. So I will send -- I will making an oscillation up and down. I'm sending waves this way. They are hitting that end and reflected back. The interference -- result is what appears to be a standing wave. Doesn't look like a wave a travel left or right. It's just going up and down. So that's a standing wave. Just going up and down.
Right? There's actually waves going left and right on this but they are interfering you just get a standing wave. The frequency this is called the first harmonic. This is what your ear predominantly hears when you play a string. I can make the next standing waves -- there's a set of frequencies that's also a standing wave. It's just going up and down. Just keep it fixed. It's at a higher frequency. Same string but it is at a higher frequency. Your ear is mostly hearing the low frequency but the reason stringed instruments sound nice is you have also higher frequencies occurring and if I go faster may be get the third note. Now you have three bumps. That's an even higher frequency. It makes the sound sound richer. The dominant sound you hear is the low frequency harmonic.



And all these higher frequencies -- you can hear -- provide the richer sound. Sort of the over tones.
All right. Thanks.
So you can play with that today.
And so let's talk about the expression you will look at today for a standing wave. Standing wave is an interference thing. It's two waves coming together, so constructively and destructively interference so you get a resulting wave which doesn't appear to travel. Here are harmonics. For a stringed instrument, the ends are clamped. Need no motion at the end. Like destructive interference at the end.
They can't move. What sort of wave forms can satisfy fitting on a string where the ends can't move? Well the simplest one is the length of the string is just half a wavelength.
The next highest frequency one, which is the second harmonic, is where you get a full wavelength over the whole string.
And then the third one which we also demonstrate is where you get three bumps so three half wave lengths. Goes on to infinity.
So the length for a string you have to have N half wave lengths need to fit into that string. So



you can work out what then the wavelength is.
And you will look at the bottom expression which is what is the frequency of a given standing wave on a string. You can see that it goes up as N. So the lowest one is the first harmonic. That's just the half a wavelength going up and down. That's the sound you predominantly hear. The higher harmonics...at integer...of the harmonic frequency so you will explore that today.
And I think that's -- the last slide is a bridge question.
Which is that you have a guitar.
B string is tuned to play the fundamental frequency of 247 Hertz. When the length is 24 inches. You place your finger on a fret. Change the length...the only thing we changed is the length.
So B is fixed.
L -- so if I look at the ratio of the frequencies, change in length. If I make it shorter if I make L shorter should the frequency go up or down? If L goes down, smaller, the frequency should go up. For any of you who play violin or guitar you know when you move your finger down the string the sound of the note goes up. That's what is here. If you go down to 18 inches, then the frequency is ratio



of 24 over 18...so the frequency goes up by basically
1.3 times, given the reference frequency...gives you a sound of about 330 Hertz.
That's -- so you will look at these relationships today.
So I will stop there.
And there's two stations for making the wave generator. One here. And one at the back by the TA table and then we have a couple of these giant strings -- springs here.
We have a variety of tuning forks which will which you will use your phone to look at how they sound.
And then there's the couple of water tables at the back where you can look at trying to make interference pattern. Those are the activities.
Hopefully you can spread out amongst them.
Get them done.
All right. Stop there.
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