




  

Algebra 1 – Module 8, Topic 5 – 
Graphing a Line By Using Transformations of the Parent Function
Hey guys, welcome to Algebra 1. Today's lesson's going to focus on graphing a line based off of transformations of the parent function. I know that sounds like a mouthful, but really, your knowledge of how to graph equations and your knowledge of how to work on the calculator are really going to help you understand this lesson. You ready to get going? Let's start. 
Okay, so let's first talk about exactly what I mean by a "parent function." Now when we have linear equations, basically, when we have lines, they're really based off of this original equation: y=x. Now for this equation, I'm going to rewrite it right underneath, and get that pen back first. Okay, so for y=x, just to the side, for this equation, I know the slope, the coefficient of x, it's 1, or 1 over 1, if you really wanted to see that rise over 1. 
The y intercept for this, I could really write a plus zero here, so my y intercept is zero. You can think about this as like the original equation of a line, the foundation. Your most basic form of a line is y=x, where the slope is 1, and the y intercept is zero, right through the origin. 
Now, transformations of the parent function, what that means, is I'm manipulating that equation and coming up with a new line. I'm going to slide it up or slide it down or reflect it. I'm going to change it in some way, okay? 
For example, took a look at, let's get the pointer tool back, erase that, and take a look at what's under here. Let's erase this too; I don't want you to think it means anything. Okay, so y=2x. That's a transformation of the parent function. I've manipulated the slope here and changed that foundational line. 
Now this one, y=x+1. Now the change from my original equation, my parent function, y=x, I've changed the y intercept on this one, right? This last one, y=½x+4. I've changed both things in this one, right? I've changed my slope, now the slope's ½, and the y intercept is 4. Manipulating the x or manipulating the slope and the y intercept is transforming your parent function into another function, to another line. All right? 
Okay, let's dive a little deeper, and let's talk about vertical translations. We're going to investigate vertical translations of y=x by first describing the transformation that we're going to see, for y=x+2. Now from the geometry that you may have had in pre-Algebra, you've probably heard the word, "translations" before. A translation, if you remember, it's a slide.
Basically, when I look at this equation, y=x+2, and compare it to y=x, it's going to look like the exact same line, except it's going to be slid in one direction or the other. Because we're talking about vertical translations, I know that for this line, it's going to either slide up or it's going to slide down. 
Now how about you make a guess. Just, you know, just a guess based on this equation, and think about what you think we're going to see when we graph it. Do you think we're going to see the line y=x slid up, when we graph y=x+2? Do you think we're going to see it slide down? Just hold that thought, and now let's actually see what it looks like, okay?
I'm going to switch to my graphing calculator, so we can do some investigations here. Now remember, I always clear the memory. I've actually already done it here, but just to show you the process, on my calculator I press "second" and then I press the plus sign. Number 7 for reset, 1 for all RAM, 2 for reset. 
Now I know the memory is clear, calculator's clean. Now I'm going to go to y=; we can do some graphing. I'm going to move these colors around a bit. I'm going to put my parent function always in y1. Now you don't have to, but it just kind of helps me stay organized while I'm graphing. I'm going to switch it to black. I'm going to arrow over, and I'm going to switch that color from blue to black. 
Now I'm going to change that second one to blue, so press enter. I'm going to change that from red to blue, actually, I think blue, yeah, it's right there. I'm going to let the third line be red. Then a few of these, we're actually going to look at 2 equations at a time. 
If your calculator doesn't change the colors of your graphs, of your lines, that's okay. You can still be able to keep track of what you're graphing in your calculator. It's completely okay if it doesn't change colors. 
Okay, now I'm going to switch back to my problem, to remember what I was doing. Okay, so the parent function, we know is y=x. We're going to graph the transformation, y=x+2, right? Let's go back to the calculator. Let's put y=x in there, and let's just take a peek at this first. Let's see it graph. 
There's our parent function, the original equation for all lines, right? We see it passes through the origin, the y intercept is zero. Now our calculator doesn't have grid lines so we can really count that rise over 1, but if you kind of estimate it, like kind of start from the origin, you can tell it does rise 1, and then run 1 to the right, okay? My slope is 1 over 1, or 1. 
Now we're going to go back to y=, and in y2, I'm going to graph x+2, that transformation we're investigating here. All right, so let's see what it does. Is it going to slide that line up or down? What do you know? The transformation is a vertical translation, or a vertical slide up. Here's y=x, that black line there, and here's y=x+2. We can see the slope is the same; we could estimate it, because like I said, a calculator doesn't give us grid lines, but if we start it at its y intercept, you can tell it kind of does rise 1, and run 1 to the right. Its y intercept is 2, instead of our parent function, which has a y intercept of zero.
You can see, if I go back to my equation, all right, let's switch off the calculator for a bit, that if I wanted to describe this transformation, I could say, make sure I've got my pen, that it is a translation, or this line was translated 2 units up. Comparing y=x+2 to y=x, I can say it's basically the same line, but shifted up 2 units, okay?
All right, let's do a few more investigations here. Now we have y=x-3, right? Thinking back to what we just went over, kind of predict what you may see here. We know we've got our parent function, y=x. Get your prediction in your mind, what you think you might see when we graph this transformation, y=x-3. 
Now let's actually graph it. Let's get that graphing calculator. All right, so I am going to clear x-2; actually, I'll just type right over it, x-3, and let's press "graph." Here's my parent function coming in. There's y=x, and there's y=x-3. You can tell that y=x-3 is basically the same line shifted down 3 units, right? There you go.
If I wanted to describe this transformation, let's go back to the work here, make this full screen, I can say that this was translated 3 units down. Now I want you to see that connection between the graph of this, and then the algebra of this, so that you start to see, or you'll get to the point where you can just look at the equation and already know how that graph has been transformed, okay? We do see it here. 
Let's keep investigating here. Vertical dilations, okay. Now have you ever gone to the eye doctor, and they dilate your pupils? I always mix them up with if it means they get bigger or they get smaller, but that's a type of dilation. It means that something is changing in size. Now it's kind of easier to see that with your pupils, because they're circles, so you can tell like if it's shrinking or if it's getting larger. Now how we talk about vertical dilations with lines is we talk about stretches and we talk about compressions. 
Let me just show you what I mean by showing you this graph. We're going to talk about the dilation of this parent function, y=x, for this equation, y=2x. Like I said in terms of a line, when we're talking about vertical dilations, we mean the line stretch? Did it seem to get longer or straighter, more vertical, or did it compress? Did it seem to get flatter? 
Let's take a look. Let's go to our calculator and let's clear the equation we have in there now. We'll leave our parent function, but we'll clear this one, and I did not note what that equation was, there we go, y=2x. Let's get that right here. All right, now let's press graph, and let's see what we see. 
There's our parent function. There's our transformation. There we go. Here the black line's y=x, the blue line's y=2x. Do you see how that blue line is steeper, or it's more vertical than the black line? That means we had a vertical dilation. How we could describe that, when we're describing our transformations, is we could say that the transformation was dilated, vertically dilated by a factor of 2, because our slope was 2x. Or we could say it was stretched by a factor of 2, okay? 
You see what I mean by the transformation there, that that blue line is more vertical, like it's trying to be more vertical than that black line. It's vertically dilated, okay? Let's go back to work so we can write that down. Make this full-screen, and we're going to say that it was vertically dilated. I'm also going to write "stretched," because more often than not you're probably going to see the term "stretched," but you need to know that a stretch means a vertical dilation. It was stretched by a factor of 2. There we go; we have described that transformation there. 
Let's take a look at another one. All right, now y=4x. This is one where I'm actually going to leave our graph of y=2x on there, because I want you to see exactly what happens if we increase the factor, okay? This time our equation is y=4x. Now do you think we're going to see more compression, like will our line stretch more, or do you think, or more, I'm sorry, yeah, will our line stretch more, not compression, or do you think we're going to see compression?
In other words, will the line be more vertical than y=2x, or will it be more flat than y=2x? Well, let's take a peek. Let's get that calculator up. Okay, so we have y=x. We have y=2x. Now I'm going to get y=4x in red, and I just want you to make a guess here, just make an educated guess. What's your hypothesis? Do you expect to see a more vertical line for y=4x, or a more horizontal line, a more flat line for y=4x? Let's see. 
There we go. You see the black line's there of the parent function, y=x. The blue is y=2x, and the red is y=4x. You can see the greater our factor, the larger we make our slope for the dilation, the more our line will stretch, or the more vertical it's going to try to become. 
Here we go. For y=4x, we had a stretch by a factor of 4, all right? The larger that slope, the more vertical or the more dilated that line is, vertically. Let's write that down. Get back to full screen here. All right. This was stretched by a factor of 4. All right, so how are you feeling about this, our investigations here?
All right, now the calculator is doing the work for the graphing for us here, because I really want us to really do the interpretations, and really look and see and analyze what exactly is going on here. All right, so here we go. We're still talking about vertical dilations, but notice this time we have a fraction. So instead of our factor being larger than 1, it's smaller than 1. 
This time, just make a hypothesis. What do you think you're going to see? Do you think we're going to still see a line that's trying to get more vertical, like maybe even more vertical than that y=4x? Or do you think we're going to see the opposite? Do you think we're going to see compression? Will this line be more flat? Let's see. 
Let's look at that graph, get the calculator up here. Go to y= ... Okay, I'm going to leave my parent function, but I'm going to clear these two out, and I'm going to get the ½x in here. Remember, we always want to put fractions in parentheses in our calculator. All right, so we've got our parent function in y1. We have y=½x, or transformation in y2. Let's graph. All right, there's the parent. Here we go. 
What do you see this time? You notice this line is more compressed. It's actually leaning more towards being horizontal than our parent function, or more flat. We see, if we change our slope by decreasing its value to something less than 1, the line compresses, or gets more horizontal, more flat. 
All right, so let's describe that. Let's get that written down. For our description of this, we're going to say that this was compressed by a factor of ½, okay? Let's keep going. 
Okay, so now we have y=¼x. I know fractions, they can be tricky. The denominator is larger, but that actually means the fraction itself is smaller, because a quarter is smaller than a half. Think money; if you have 25 cents, that's less than if you have fifty cents, right? Actually, I'm decreasing the value of my factor here, my slope even more for this one. 
Let's think about, "What do you expect to see?" Do you think when we graph this, we're going to see something even more flat than y=½x? Or do you think we're going to see something more stretched than y=½x? Let's take a look and let the calculator tell us. 
Well, the calculator will graph it, but we'll interpret it. All right, so we're going to graph y=¼x. Let's get that for the red line, ¼x. All right, let's press "graph." There you go. You see that red line, that ¼x, it's even more flat than that ½x. The smaller we make that slope less than 1, the more compressed or the more flat that our line gets. You see, if we made it even smaller, or say we went to y=⅛x, that line would continue to compress, and continue to flatten out. 
All right, let's go back so we can write that description. For this one, we're going to say that this was compressed by a factor of ¼, okay? All right, good job with that. Let's keep going with this. 
Got another transformation to discuss here, and that's "reflections." Notice here it's the sign of the slope that changed. My parent function's y=x, and my transformation here is y=negative x. When you change the sign of your slope, you're going to see a reflection of your parent function. 
Let me get that on the calculator and show you what I mean. Go to y=; let's leave the parent but clear these out, so our parent's y=x. Now we'll have y=negative x. Let's look at that. There's the parent, and there's the transformation. You see a reflection, in other words, is a flip. You see, instead of this line running left to right, like with a positive slope, it's running left to right with a negative slope. It's going down. It flipped from its original position. 
Whenever you see a change in the sign of your parent function, that transformation is a reflection. In other words, it's a flip. Okay, so let's write that down. It doesn't sound as formal as the other descriptions, but a reflection is a flip. We can say that, this line flipped from its original, or from the position of the parent. It was reflected. The flip is really just a quick way for you to understand what a reflection is. It's going to flip. That's basically what's going on. All right, let's keep going. 
Okay, so this time, we're going to write our descriptions, and we're going to write them without actually looking on the graph. We're going to keep in mind those transformations that we did see when we did graph them. Now you can always verify by graphing. That will always get you through, but let's just see if we can do it without this time.
For these, my parent function is y=x, and my equation is y=x-5. This is like one of the original ones that we did when we were translating up or translating down, right, when we manipulated our y intercept. Here, if my transformation is y=x-5, am I going to see a translation up 5 units, or down 5 units? That's the question. 
Because this is a negative 5, it's pretty straightforward. It's going to go down. For this description I can say, "Translated down 5 units." You can do that without looking at the graph, or you can verify it in the graph. Completely up to you. 
Let's look at another one. This time, we've got y=¾x+1. Same thing, we're going to describe the transformation. Okay, I see my slope is a fraction. That's smaller than 1, it's ¾, so remember when we were dealing with those vertical dilations. You remember, if we increase its value, like when we graphed y=2x, it stretched? We graphed y=4x, it stretched even further. When we dealt with those fractions that were smaller than 1, that y=½x, it flattened out. That y=¼x flattened out even more. 
If I'm looking at this fraction, y=¾ for my slope, am I going to see a stretch, or am I going to see a compression? That's the question. Since this is a fraction smaller than 1, you're going to see a compression. Good on that first part. I'm going to get that down first, that it was compressed by a factor of ¾, but that wasn't it, because you see it also has a change in the y intercept. The y intercept here is a positive 1. 
Remember, when you change your y intercept, you're vertically translating, either up or down. For this one, if my y intercept's a positive 1, am I translating up or am I translating down? That's the question. If it's positive, you're translating up. I will say, "Compressed by a factor of ¾ and translated up 1 unit."
I do want to show you this one, though, so you can get the sense of what it looks like when you have more than one transformation, okay, when there's more than one thing going on. Let's get our graph, what our "y" equals, leave the parent. Here we'll have y=¾x+1. All right, let's hit "graph." Let's take a look. There's the parent, and there's the transformation.
You see it is flatter, because it dips down here. It's trying to kind of compress, not by a whole lot, because ¾ isn't that much smaller than 1, but it did compress, and we did translate up one unit, because our parent has a y intercept of zero, but our transformation has a y intercept of 1. We did slide up a unit, but we did flatten out a bit. That was that transformation. 
Good job. Let's go back to our work here. Okay, let's see what's next. I thought this was what's next. It is time for you to try. I've got a few problems here for you to match. I have some transformations of the parent function, as far as what the equation looks like, and then I have the descriptions over here on the right. 
Press "pause," take your time, and match up exactly what goes with which. Use the calculator also, if you want to verify your answers and see if you got it right. When you're ready to compare with me, go ahead and press play. 
All right, let's see how you got these matched up. Okay, so y=3x, I can see here all I changed was my slope and it's larger than 1, so I know I'm going to see a stretch. I'm going to see a stretch by a factor of 3. For number 1, that should be "c." 
Okay, so for 2, y=x-3, the slope didn't change from our parent function, but our y intercept did. Now it's negative 3. I know that if it's a negative y intercept, it translated down. This one translated down 3 units. 
All right, and then I have y=negative x+3, so there was more than one transformation in that one. The process of elimination, I know you probably know that it's "b." Why it's "b," the sign of your slope changed. Now it's negative, and your y intercept changed. Now it's positive 3. This transformation is a reflection, and it's been translated up 3 units. 
All right, awesome job, guys, investigating all of those transformations of the parent function. I hope you're feeling comfortable with interpreting graphs and really describing what's going on, and I hope to see you back here soon for more Algebra 1. Bye.

