





Algebra 1 – Module 10, Topic 2 – Analyzing the Quadratic Function Family
Hey guys, welcome to Algebra 1. Today's lesson's going to focus on analyzing the quadratic function family. Now, your knowledge of transformation of the linear parent function will help you understand the quadratic function family. Ready to get started? Let's go.
Okay, so just to throw back a bit to linear functions, linear parent function, we know, is f(x) = x. Now, I know that f(x) symbol is new to you right now, but basically think about it as another way to say y. Once we know that a relation is a function, or a function of x, then we can represent that y instead as f(x) to just say that this relation is a function of x. That's it. Just interpret f(x) as meaning the same thing that y does.
Back to the linear parent function, f(x) = x, earlier we discussed transformations, right? Vertical translations, for example. We could look at this first equation, f(x)= x + 2, and know that when we looked at the graph of that equation, that it would appear just like f(x) = x, but shifted up 2 units. For f(x) = x - 3, we know that line will look exactly like y = x, but we shift it down 3 units.
We investigated all of that when we handled those transformations of the linear parent function. We also discussed vertical dilations. Graphing f(x) = 2x, we know that that line's going to stretch out, or it's going to appear more vertical than y = x. As far as f(x) = 1/4x, that graph is going to compress. It's going to be a compression of y = x. It's going to look more flat, more horizontal.
We also investigated reflections, which involve the negative sign. We know in that case instead of our line- let's get a little sketch of it- we know that y(x) rises- get our pen here- rises left to right. We know that the reflection of that is that it will fall left to right, right? We investigated all of that when we handled the linear parent function.
Now, these types of transformations also appear in quadratic functions. The quadratic parent function is f(x) = x^2. Looking at some examples of that, here's one example of a transformation: f(x) = x^2 + 2. Then we've got f(x) = 3x^2. Then we have f(x) = -x^2. Keeping in mind what you know about transformations of linear parent functions, I want you to just make a few guesses about what you think we'll see of these quadratic functions. Notice how this is x^2 + 2. Just think about what that might look like, knowing what you know about linear functions. That f(x) = 3x^2. Knowing what you know about linear functions, what do you think we may see there? The same for f(x) = [x^2 00:03:20]. Just keep that in mind as we work through these problems.
All right, let’s start investigating. We want to describe the transformation that we see when we graph y = x^2 + 4. We're going to let the graphing calculator do the work for us here, because we really want to focus on the investigation piece. I'm going to switch to my graphing calculator. I'm first going to clear the memory. On mine, to do that, it's 2nd and then the plus sign, 7 to reset, 1 for all RAM, and then reset. Now I know my memory's wiped here. I'm going to go to y=. My calculator will graph in different colors. If yours doesn't, don't worry about it, you'll still be able to see what we need to see. I'm going to do a few color changes here. I'm going to switch this blue to black, I think actually up that direction, and I am going to switch this red to blue. That one may be- yep. And I am going to switch that 3rd one, that other black, to red. There we go. Cause there're going to be some times [inaudible 00:04:40] when I have 3 graphs going. 
I'm going to always let the black graph be my quadratic parent function. There, I'm going to have y = x^2. For this example- I'm going to switch back to the problem for a second- I'm going to graph x^2 + 4. We're going to look and see what exactly happens to our parent function when we make that transformation. Let's press graph. Okay, there's our parent function, f(x) = x^2. And there we go. There's f(x) = x^2 + 4. You see, we made that transformation, our graph shifted 1, 2, 3, 4 units up. Similar to what we would see in the shifts with linear functions, right? It's a similar relationship with the quadratic function family.
Let's go back to our work, and let's go full screen here. Let's go ahead and describe this transformation. This graph was- let's get our pen- translated 4 units up. As you're working through these, and doing these investigation, you can start to get a sense just looking at that function algebraically, knowing what it's graph is going to look like already. You could start to make predictions. We see here our parent functions, f(x) = x^2, when we transform it to y = x^2 + 4, we see that our graph actually shifts 4 units up.
All right, let's keep going here. Let's describe this transformation here. Y = x^2 - 3. Let's get that graph up. All right, let's go to our graphing calculator. Let's keep that one there, and we'll just type right over this "x^2 - 3". Let me just double check if that was what it was. Yep. All right, now let's press graph. Okay, so there's x^2. There we go, any second now. Now there's x^2 - 3. So you see, in this case, our parent function shifted 1, 2, 3 units down. You can see, by making that transformation, what ends up happening to our parabola. When we transform- got to shift back to the work. When we transform from x^2 to x^2 - 3, then we see here- should have got my pen- that our graph translated 3 units down. You see how it's similar to linear transformations? Really knowing how those work helps you here, too.
Okay, let's take a peek at this. Now, this we didn't see. We didn't work with this kind of translation when we worked with linear parent functions, so this one'll be a little different. We got our parent function, x^2. This time we're going to transform it to (x - 3), that quantity ^2. You see that that exponent is no longer just acting on x, but it's acting on the quantity x - 3. Okay, so just make a little guess of what you think you're going to see here, and then lets actually look at it on the graph itself on the graphing calculator. Let me switch gears. Let's pull up the calculator, let's go to y=, (pauses) let's clear that out. This time we'll have (x - 3)^2. Let me just switch back to double check that's right. Okay. Now let's press graph and see what happens here. 
All right, there's our parent function. There we go, there's our transformation. Notice here, we didn't have vertical translations. We didn't shift up or down, we actually shifted to the right 3 units. Which may seem a little unusual, because if we switch back and look at our problem, it was (x - 3)^2. You may have assumed that it would actually shift to the left because you see that minus, but it's actually the opposite of what you would think it's going to be. We see here, when we transform our parent function in this form, (x - 3), that whole quantity ^2, looking back at our graph, our graph actually shifts 3 units to the right. It's the opposite of what you would think it would be. Let's go back at write that description down in our workspace. This graph was translated 3 units right.
All right, good job on that. Let's keep going and look at this one. Now we have the transformation (x + 1), that quantity ^2. Keep it in mind what we just saw on that last problem, when it was a minus sign it actually shifted to the right. Which direction do you think we'll see it shift here? Make that prediction, keep it in mind, and then let’s see what happens here. Let's get this thing graphed. Let's switch to our calculator, let's go to y=, (pauses) and lets just type right over this. We'll change that to + 1. Let's get that graphed. There's our parent function. Any second now- there we go. There's our transformation. (X + 1), that quantity ^2, actually shifts our graph 1 unit to the left. We see how that transformation effects our parent function. Let's get that written down. Let's go back to our work. Go full screen. Okay, so here we saw that our graph was translated 1 unit left. Those are the ones that are a little tricky, because it's the opposite of what you would think it would be, right? See, in that plus sign, you would assume it's probably going to shift to the right, but in actuality, we saw that this graph shift to the left.
All right, let's keep digging here. Now we have a transformation, a vertical dilation. We're going to see what happens when we graph f(x) = 2x^2. Keep it in mind those compressions and those stretches with linear transformations. What do you think we're going to see here? Do you think we're going to see the graph, the parabola, compress? Or do you think we're going to see it stretch? Let's see. Let's look at our graph, go to our calculator. This time we're graphing 2x^2. We'll keep the parent. Let's clear that and replace it with 2x^2. Okay, let's take a peek. There's our parent function, (pauses) and there is our transformation. There's 2x^2.
Just like in the linear transformations, when we had a whole number for our factor, the graph would stretch or the line would appear more vertical. We still have a stretching here, but in parabolas, the stretch looks like the parabola's getting more narrow. We see when we have vertical dilations, in this case we have the 2x^2, the graph of our parabola, it squeezes in. It gets more narrow. That's how that stretching appears on a parabola, okay? Let's write that description down. Let's go full screen. Okay, so we could say our graph was stretched- and you know we like to write that factor- by a factor of 2. Or, in other words, that graph is twice as narrow as the graph of our parent function. That's what that means. 
All right, let's keep investigating here. Let's see what happens for 4x^2. Do you think we're going to see more stretching, or more narrowing, or do you think we're going to see widening here with this transformation. Get your hypothesis going. Let's prove it, let's see what's happening. Okay, I'm actually going to keep the 2x^2 up on the graph, and I'm going to graph 4x^2 in red so we can see them all together. (pauses) A-ha! See, it's squeezed in even more. So the larger we make that factor, the more narrow, or the more our parabola will stretch. There you go, you can see that right there. Let's get that description down. Switch back to our work. In this case- make sure I have my pen- our graph was stretched by a factor of 4. This transformation is the graph of our parent function, but 4 times as narrow than it.
All right, let's keep digging here. Let's look at some fractional values here. We're still performing a vertical dilations for our transformation, but this time we have f(x) = 1/2x^2. Keeping in mind what you know about linear transformations, what do you think we're going to see here? Are we going to see more stretching, or more narrowing, of our parabola, or are we going to see a compression, are we going to see our parabola widen out? Let's take a peek and see. Let's look at the calculator. We'll leave our parent function, but let's clear these out, and let's get 1/2x^2 graphed. Remember, just as a good practice, you like to put your fractions in parenthesis in the calculator. All right, let's go ahead and press graph. There's our parent function. There is our transformation. So you see there, when we change that factor to a value still positive but less than 1, our parabola widens out; it compresses. Let's get that description down. Let's go full screen. We see that our graph was compressed by a factor of 1/2. That graph widened out, it was wider than our parent function.
All right, let's keep going here. What if we make that factor even smaller? Instead of 1/2, now our factor's 1/4. Do you think we're going to see more compression, or do you think we're going to see some narrowing? Let's take a look. All right, let's go back to y=. We're going to leave that 1/2x^2 in there as well as the parent function, and we're going to graph (1/4)x^2. All right, let's see what that looks like. There you go. You see, the [fat 00:17:06] is even more wider than the 1/2x^2. The smaller we make that factor, still keeping it positive, but just smaller than 1, it gets just more and more wide. Wider and wider than our parent function. Let's go back and get that description down. Let's go full screen here. This, we can say, was compressed by a factor of 1/4. 
All right, let's keep moving. Okay, here we're going to investigate a reflection. We're going to describe what we see for this transformation. Knowing what we do about linear functions, when we see that negative sign, it's pretty safe to assume that we're going to see a reflection. But it's just going to look a little different in the case of a parabola rather than a line. Let's take a look at it, let's get to our calculator. We're letting the calculator do the work for us here so we can investigate. Keep the parent, but let's clear this and clear this. Let's get -x^2 in there. Let's hit graph and let's see what we see. There's our parent function. There is our transformation. You see, probably like you guessed, it's just an upside down U. Reflection for parabola just flips it upside down when you throw that negative sign in there. Let's get that description written down for our work. Let's go full screen here. We can say that we saw a reflection of our parent function. Okay, you have described that transformation. 
All right, let's do a few more here. This time, we're going to write the description without actually graphing on the calculator. The calculator's still, like we said, a useful tool to verify what you think is going to happen, but we've probably been able to pick up on those patterns by now and get a sense of looking at a function represented algebraically, what we'll see when we graph it. Let's look here. Keeping in mind linear functions and then the quadratic functions that we graphed, if I transformed x^2 to x^2 - 5, I know that that is going to make me see that this graph will translate- it'll be translated 5 units down. Because this form represented those vertical translations when we would shift up and down on the coordinate plane.
Let's keep moving. Now we've got a couple of transformations going on here. Our parent function, f(x) = x^2, then we've got y = -which we said y is just like f(x)- = -(x-3)^2. 2 things we need to describe. We know that that negative sign on the outside is going to signal to us a reflection, right? That was that last transformation that we investigated. We know that 1 of the things that we'll see is that this graph will be reflected.
And we see that instead of x^2, now it's (x - 3), that quantity ^2. These were those horizontal translations, we would shift to the right and to the left along the x axis. Remember, with these, it was the opposite of what it seemed like it should be. Because if I see this (x - 3), I would probably think initially I'm going to shift to the left, because that's the direction negative numbers are. But it's actually the opposite of what you think it is. Instead of this graph shifting to the left, you're actually going to see a shift 3 units to the right. This transformation will be a reflected [out 00:21:19] image of our parent function, and shifted 3 units to the right. Remember, when that exponent's acting on a quantity, not just ^2 that x, it's actually the opposite of what it seems like it should be, okay?
Okay, take a look at these. I want you to press pause and take some time and match up these algebraic representations of transformation to their descriptions. Take some time and investigate, analyze, and see what's going on there. When you're ready to check your answers, press play... 
All right, let's see how you did. For y = -7x^2, I see that negative sign on the outside. That's signaling to me I'm going to see a reflection. I also see that now that x^2 has a coefficient of 7, it's a whole number so I know I'm going to see a stretch. In this case, the answer is B for #1. Your graph will be reflected and stretched by a factor of 7. Okay, now for x^2 - 7, those were those vertical translations. The shifting up and down. These were the straight forward ones. This graph will be shifted 7 units down. For 2, that matched to A. Then for 3, we have the quantity (x + 7) that we're ^2. These were our horizontal translations, and these were the opposite of what they appeared like they should be. For this graph, it is C. You're going to see a shift 7 units to the left, okay?
All right, great job guys investigating the quadratic function family, and using your knowledge of linear transformations to really help you make some connections here with the quadratics. Hope to see you back here soon for more Algebra 1. Bye.

