




Algebra 1 – Module 9, Topic 3 – 
Writing the Equations of Parallel and Perpendicular Lines
Hey, guys. Welcome to algebra I. Today's lesson's going to focus on writing the equations of parallel and perpendicular lines. Now, you've touched on these terms before in the little bit of geometry that you learned in your pre-algebra courses, actually. We're going to dive into them a little deeper now. You ready to get going? Let's start. 
Okay, so let's talk a little bit parallel lines. In general, we think about parallel lines as lines that just never cross each other, and generally speaking, that is what they are. Now, algebraically speaking, parallel lines are lines that have the same slope. Let's look at these 2 lines so you can tell exactly what I mean. If I look at this black line and I determine the slope of it ... Let's find 2 good points. Let's say this one and this one. I can tell, "Okay, the slope of this line, it's negative. I have to go down 1 and run 2 to the right. I can tell the slope of this black line, -1/2." If I look at this blue line and I find 2 good points, let's say maybe this one and this one. This line also has a negative slope. If I start with the point that's furthest to the left, that'd be this one, so down 1, 2 to the right. This line also has a slope of -1/2. Parallel lines have the same slope. Now, they have different y-intercepts, right? Like, I can see that this blue line crosses the y-axis at -2. This black line crosses it at 0, at the origin. The y-intercepts are different, but the slopes of parallel lines are exactly the same. 
We're going to use that knowledge to start routing some equations of some parallel lines. Let's look at this first example. We're going to write the equation of the line that passes through (2,4) and is parallel to y = 1/2x - 5. Okay, so basically they've given me a point, and they've given me an equation, and really what I need to figure out from this equation is what I need for the slope of the other line. Because I know that these lines are parallel, I know that they're going to have the same slope. If this line that they gave me has a slope of 1/2, then the line parallel to it will also have a slope of 1/2. I'm writing down like the information I'm going to be working with for this problem. 
I know that the m is 1/2 because I'm writing the equation parallel to this line, so it has to have the same slope that this line has, but my line is going to pass through this line, (2,4), and that's my x sub 1 and y sub 1. 
Now, knowing what we do about writing equations of lines, we know that given the slope and a point, we can use point-slope form and get to the equation of the line that we're trying to get to. Let's get that point-slope form up, so y minus y1 equals m times x minus x1. Let's fill in the information we need here, so y minus ... Our y sub 1 is 4 ... equals m, that's 1/2. Parentheses, x minus x sub 1, which is 2. Then let's just simplify this. Let's clean this up a bit. Scroll down. Let's get some more workspace. I'm going to need even a little more than that. Okay. 
Y minus 4 on the left side, that's simplified already. We'll just bring it down. We need to use the distributive property on the right, so 1/2 times x, that's 1/2x. Now, I have 1/2 times -2, so I'll come off to the side and do that math, so 1/2 times -2. Remember, we could just make that -2 a fraction by putting it over 1, and then we're going to multiply straight across. 
1 times -2, that's -2. 2 times 1, that's 2. Then -2 divided by 2, right, that underneath here, that's -1. Back to my point-slope form, when we were doing 1/2 times -2, that's -1. Okay, so now we need to solve for y so we can get this equation in slope-intercept form. Because we have y minus 4 on the left, we're going to do plus 4, plus 4. Let's scroll down. Yeah, let's get a little more space there. 
All right, so on the left side, we know that's just going to cancel out, so we've got our y equals 1/2x, and then -1 plus 4, and that's a positive 3. Here we go. The equation of the line that's parallel to ... scroll up. 1/2x minus 5 but passes through (2,4), that would be exactly what we just found out. That would be y equals 1/2x, so same slope, but plus 3. Different y-intercept. Let's try another one. Make sure you got the hang of this. 
There we go. I didn't want to switch to the next problem. All right, so now we're going to write the equation of the line that passes through (2,-4) and is parallel to y = -3x + 7. Okay, so remember we said parallel, so that's same slope. The given line has a slope of -3, right that coefficient of x, so the line parallel to it will also have a slope of -3. Our line it says passes through (2,-4), so you remember what we did on that last problem. We're just going to label this x sub 1, y sub 1. We're going to get that point-slope form over here because we're working with the slope and a point. 
Y minus y sub 1 equals m times x minus x sub 1, and then let's just fill in our information, so y minus -4 equals ... Our m is -3. Times x minus x sub 1. That's 2. All right. We see on the left side, because we need to clean this up a bit, we have a double negative. That's just going to become a plus, and we'll just bring down that left side now, y plus 4 equals ... Let's get some more workspace up here. There's a lot work when you're doing algebra, right? Okay, right about there. We need to do the distributive property in order to simplify that, so -3 times x, so that's -3x. 
-3 times -2, that's positive 6. Then the last step to simplify this because we need y isolated. We need it by itself, is to subtract 4 from both sides, so minus 4, minus 4. All right, so that's just going to wipe out on the left. Bring down that y equals, bring down my -3x, and then 6 minus 4, that's a positive 2. We got it. We're all done. If we scroll back up, just to pull it all together, our line passes through (2,4), and it's parallel to y equals -3x plus 7, so we knew the slope was -3. They gave us the point (2,-4). Scroll down. Our equation is y equals -3x plus 2. Those are 2 parallel lines. 
Okay, I think it's time for you to try one, so use what we learned about figuring out what our slope should be and giving the point that they gave us in order to write the equation of the line that passes through (3,5) but that's parallel to y equals 2/3x plus 1. Press pause, take your time, and work through the problem. When you're ready to check your answer, we'll work it out together. Press play. All right, let's see how you did. Let's see. They gave us the point (3,5), and parallel, so we know this line is going to have the same slope as the given line, which has a line of 2/3. M is 2/3. The point I'm working with is (3, 5). 
I'm going to go ahead and label my point x sub 1 and y sub 1, keep everything organized. I'm going to go ahead and throw the point-slope form up here, so y minus y sub 1 equals m parentheses x minus x sub 1. Now let's just fill in our information here. Y minus ... Our y sub 1 is 5 ... equals ... our m is 2/3, so 2/3, parentheses. X minus ... Our x sub 1 is 3. All right, let's get some more workspace, nexting this page. Bring it up just a tad. 
The left side, I'll bring that down. That's simplified. I do need to apply the distributive property to the right, so 2/3 times x, that's 2/3x. Now, I need 2/3 times -3, so I'm going to come off to the side and do that. 2/3 times -3. I'm going to make that number a fraction by putting it over 1, so 2 times -3, that's -6. 3 times 1, that's 3. -6 divided by 3, that's -2. 
Back to the point-slope form we were working with. 2/3 times -3, that's -2. Okay. Then just 1 last step just to solve for y. We're going to need to get rid of that -5, so add 5 to both sides. All right, so that's going to wipe out. We've got our y equals 2/3x, and -2 plus 5, that's a positive 3. That's what you should have got for that one. The slope is the same as the given line, but this line passed through (3, 5), so y equals 2/3x plus 3 is what you wanted there. 
Let's keep going with us. We've got a little more to talk about. Perpendicular lines. Okay. In pre-algebra, like I said, you do touch on some geometry concepts, so you probably discussed this in terms of geometry. Now, in geometry, perpendicular lines are lines that intersect each other at right angles, so at a 90-degree angle; those lines would be perpendicular. Now, algebraically, how we like to talk about perpendicular lines, is we discuss their slopes. Before I actually tell you, let's figure it out exactly what I'm going to tell you by getting these slopes here. 
If we look at the black line. Let's get the slope of the black line. I'll find 2 good points. That looks like a good one there, and there, and I'm going to count out that slope. If I start with the point that's furthest to the left, it'd be this one, and I'd have to go down 1, 2 to the right. Down 1, 2 to the right. The slope of my black line is -1/2. Okay, now keep that in mind, and let's tackle this blue line. I'm going to find 2 good points. I think I'll take this one and this one and get the slope. If I start with the point furthest to the left, it'd be this one. All right, I see this line has a positive slope. I rise 2, and I run once. The slope of my blue line is 2/1. Okay, so let's look at these slopes. 
We have -1/2. Let me write them together over here. We have -1/2 for the black line. We have positive 2/1 for the blue line. The slopes of perpendicular lines are opposite reciprocals of each other. If we think back to when we talked about properties of real numbers, remember the reciprocal was, to say it generally, like the flip of a number, so disregarding the signs for a second, this fraction is 1 over 2. The reciprocal is 2 over 1. You just flip the numbers. Now, the opposite refers to the signs of the numbers. This slope was negative. This slope was positive. Slopes of perpendicular lines always have the relationship that they're opposite reciprocals of each other. They have the opposite signs, and then they're flips of each other. 
For example, if I just played around a bit over here, if I had one line that had a slope of, say, 3/4, the slope of the line perpendicular to it would have a slope of -4 over 3. Or, let's get rid of this. Come on, erase. There we go. All right, if I had a line that had a slope of, let's say, -6/11, the opposite reciprocal would be a positive 11 over 6. Opposite sign, just flip it. 
A case that you do need to be familiar with because this one can get tricky, is let's say you had a line that had a slope of 5. Now, remember any whole number or even a negative number also, but just if you don't see a denominator. In order words, it's not a fraction. You can make it a fraction by putting it over 1, so the opposite reciprocal of 5 over 1 would be, good, -1 over 5. You just change the sign, and you flip the fraction. 
Another relationship with slopes of perpendicular lines is that the products of those slopes is -1. For example, if I actually multiplied -1/2 times 2 over 1 ... I'll do it over here. -1/2 times 2 over 1. If I multiply it straight across, -1 times 2, that's -2. 2 times 1 is 2. Then -2 divided by 2 is -1. That's true for any opposite reciprocals. Their product is -1. You could always check to verify that 2 lines were perpendicular to each other by making sure the products of their slopes was -1. Or, if you feel comfortable with just identifying opposite reciprocals, just analyze them and see, "Okay, are they opposite signs? And, are they flips of each other?" 
All right, so let's apply this knowledge, and let's practice a little bit. This time, for example 3, we're writing the equation of a line that passes through (0,3) and is perpendicular to y equals 4/5x minus 2. Okay, so this time we're not working with parallel lines, so we're not going to have the same slope for our new line. We're working with perpendicular lines, so we are going to have opposite reciprocal slopes. I'll probably abbreviate that next time because that's a lot to write, but we have opposite reciprocal slopes, so if the slope of my given line is a positive 4/5, then the slope of the line perpendicular to it would be, instead of positive, negative, and instead of 4 over 5, 5 over 4, because -5 over 4 is the opposite reciprocal of positive 4 over 5. 
Then they told us that our line passes through (0, 3), so there's our point. We'll just label this x1 and y1. Then from here, it's exactly like what we were doing before, as far as working with that point-slope form. The only difference when working with perpendicular lines is you have to make sure you get the opposite reciprocal slope before you get into that point-slope form. All right, so let's try. Let's get point-slope form up here. Y minus y sub 1 equals m times x minus x sub 1. Let's fill in what we have, so y minus 3 equals ... Our m is -5/4, parentheses, x minus, and our x sub 1 is 0. Let's get some more workspace up here so we can keep moving through this problem. Down a little bit more. Okay. 
Okay, so let's bring down that left side, so y minus 3 equals ... Okay, so -5/4 times x, that's -5/4x. -5/4 times 0 is just 0. I'll write it ... Actually, I'm not going to write it, because it's just 0, so there's really nothing going on over there. We can go ahead and move on through this problem, and we know we need y by itself, so we have y minus 3, so to eliminate that -3, we're going to add 3 to both sides. Okay, then let's scroll down, get some more space here. 
On the left, that cancels out. We just have y equals, bring down our -5/4x, and then bring down that plus 3, and you're all done. You got it. If we just pull it all together, remember where we started here. Scroll back up to the problem. We were given the line of y equals 4/5x minus 2. We needed to write the line perpendicular to it, so we knew we needed the opposite reciprocal slope, so we switched 4/5 to -5/4. Our perpendicular line passes through (0,3), so we had our point. We used our point-slope form. We did our magic. We worked through it, and we ended up here, at y equals -5/4x plus 3. Let's try another one before you try one on your own. 
Okay, so this time we're writing the equation of the line that passes through (-4,-3) and is perpendicular to y equals -2x plus 3. Okay, so perpendicular. I know that means ... I'll write it again just until we get comfy. The opposite reciprocal slopes of what we're going to be working with here. If the given line has a slope of -2, and remember, if we want to look at this as a fraction, we'll just throw a 1 underneath there. If this line has a slope of -2 over 1, then the perpendicular line will have the opposite reciprocal slope. It's, instead of being negative, our slope's going to be positive. Instead of a 2 over 1, it'll be a positive 1 over 2. Okay, because these slopes are opposite reciprocals of each other. If I multiplied those slopes together, I'd get -1 for my answer. 
Then they told us that our line passes through (-4,-3), so (-4,-3). I'm going to label my x sub 1 and y sub 1, then we're going to get going with ... Good, that point-slope form. Y minus y sub 1 equals m times x - x sub 1. Let's just fill in what we're working with over here. We have y minus -3 equals 1/2 parentheses x minus -4. Let's get some more workspace up here. Let's bring that back. We have a few double-negatives that we're working with here that we need to clean up first. On the left side, we have y minus -3. We know that's going to become a plus, so we'll bring down y plus 3. On the right, let's get this double-negative out of the way, so that's going to become a plus. Let's go ahead and distribute. 1/2 times x, that'd be 1/2x, and now 1/2 times 4, I'm going to actually come off to the side and do. 
Okay, so I know I can make 4 a fraction by putting it over 1, and then just multiply straight across. 1 times 4 is 4. 2 times 1 is 2. 4 divided by 2 is 2. Back over here to my problem. 1/2 times 4 is positive 2. Now, I just need to get y by itself, so what I need to do ... Good, subtract 3 from both sides. That wipes out. Bring down your y equals 1/2x and 2 minus 3 is -1, and you got it. You're all done. Now just tying it all in together, if we look back where we started, we had a line that passed through (-4,-3) and was perpendicular to y equals -2x plus 3, so we knew our slope had to be the opposite reciprocal. 
Our slope is positive 1/2. Then we have our point here, (-4,-3), okay, so moving on down. We used our point-slope form. We did our magic again, and we ended up with the equation y equals 1/2x minus 1, and you're all done. Okay, so try this one on your own. 
You have the point (-2,-4), and your line passes through that point, and it's perpendicular to y equals 1/4x minus 1. Press pause. Take your time. Work through this. Really remember those steps that we took, that process to get to the equation. When you're ready to check your work with mine, press play. 
All right, let's see how you did. Perpendicular, right? We know opposite reciprocal slopes. If this line has a slope of 1/4, then we need the opposite reciprocal of that, so noticed of positive, our slope is negative. Instead of 1 over 4, our slope is 4 over 1. Or, we could just say that our slope is -4. It'll just be a little easier to work with here. 
We have the point (-2,-4), so that's our x1 and y1. Now, let's get going over here on the left side with point-slope form. Let's get that equation up there. Okay, and let's just fill in what we got. Y minus ... y sub 1 is -4, equals m, which we said is actually also -4, parentheses, x minus -2. Okay. We have a couple of double-negative situations, so let's clean that up before we start. Let's scroll down and get some workspace. Okay, so the y plus 4 will just come down. Let's use the distribute property on the right side, so -4 times x, that's -4x. -4 times positive 2, that's -8. To clean up the left side, or, in other words, to isolate y, let's subtract 4 from both sides. We are left with y equals -4x minus 12. 
Okay, so that should have been your answer for that one. Now, to pull it all together one more time, our slope was the opposite reciprocal of 1/4, so -4. Our point was (-2,-4) that our line passed through. We used point-slope form. We went through the whole process of getting it into slope-intercept form, and we ended up with y equals -4x minus 12. Now, like I've been doing before, we're going to talk about those special lines for a second. 
What's special, or even more special about special lines, is all ... For example, the horizontal lines. Let's talk about those first. All horizontal lines are parallel to each other, all of them, because if you think about it, they all have the same slope. Every horizontal line has a slope of 0. All horizontal lines are parallel to all other horizontal lines. The same is true for vertical lines. All vertical lines are parallel to all other vertical lines because they all have the same slope. The slope is always undefined. Every horizontal line is parallel to every other horizontal line, and every vertical line is parallel to every other vertical line. If you keep that knowledge in mind writing these equations in this situation, it'll be really easy. You'll get it done just like that. 
Okay, so let's look at this one. Write the equation of the line that passes through (3,2) and is parallel to y equals -5. Okay. This is how we dig into this one. You see that they've given you the equation y equals -5, so you have to know, okay, if I have an equation in this form, then I know I have a horizontal line, and I know the slope is 0 for all horizontal lines. I know for all horizontal lines, they're written in the form of y equals some constant term, some number. 
It's the y value that I'm concerned with for horizontal lines because that's what stays constant. If you look at the point that they tell you your line passes through, they tell you it passes through (3,2), so this is your x sub 1 and y sub 1. We are only concerned in this case with the y value because it's horizontal, and that's what stays constant. Our y value is 2. The slope of this line that's parallel to y equals -5, is y equals positive 2, and you're done. Like I said, if you just understand how they work, like really what these lines really mean, writing the equations won't be too bad because you know if you have an equation given in this form, in the y equals -5 form or y equals some number, when you write an equation parallel to it, you're only concerned with that y value of that given point. 
In this case, my y value was 2, so the equation of my line is y equals 2. All right, you give this one a try. You need to write the equation of a line that passes through (4,-1) and is parallel to y equals 2. When you're ready to check your answer, press play. All right, let's see how you got into this one. You should have looked at y equals 2, looked at the format of that line, and been able to tell that it's horizontal, so you're only concerned with that constant y value, that you're going to know what it is based off of that given point. They gave you the point (4,-1), so the y value in this case, if I labeled these coordinates, the y value is -1. If I want to write the equation of the line that passes through this point but it also has a slope of 0, it's also horizontal, it would be y equals -1, and you're all done with that one. 
All right, let's look at some of those vertical lines. Now, we're going to write the equation of the line that passes through (2,7) and is parallel to x equals -4. In the same way that we thought about the previous example, we're going to think about this one. Okay, if they gave us an equation written in the form x equals, in this case, -4, just a constant term, then I know this line is vertical. I know that every equation for a vertical line is written in the form x equals some numerical value, and if I want to write the equation of the line that is vertical, so undefined slope and passes through (2,7), I need to concern myself with that x coordinate. 
I've got my x1 and y1. If this line is vertical, I know I'm concerned with the xs. 2 is my x coordinate here, so the equation for my line, x equals 2, and you're done. 
Like I said, these are really nice and easy to work with as long as you really understand the inner workings of those special lines. Okay, so you give this one a try. Okay, so your line's passing through (1,9), and it's parallel to x equals 3. Press pause, take a minute, write that answer down. When you're ready to check it, press play. 
All right, let's see how you did. Your equation was x equals 3, so you knew you had a vertical line. The format of the line, the equation of the line you're going to write, is x equals some numerical value, some constant term, so you were given the point (1,9), so if I labeled those coordinates, because my line was vertical, I'm concerning myself with the xs here, so my x coordinate's positive 1, so the equation for my line x equals 1. You're all done with that one. Now before we leave special lines, I want to hit on the perpendicular relationships first. Or, yeah. 
Okay, so perpendicular lines. Every horizontal line is perpendicular to every vertical line because every horizontal line is going to intersect every vertical line at a right angle. They have that special relationship with each other. All vertical lines are perpendicular to all horizontal lines. Keep that in mind. Let's look at these. 
Write the equation of the line that passes through (3, 2) and is perpendicular to y equals -5. Okay, so let's think through what's really going on here. We were given the equation of y equals -5. This equation, or this line, I know it's horizontal because the equation is written in the form y equals some constant term, so we're thinking, "Okay." If we're writing the equation of a line perpendicular to a horizontal line, then our line must be vertical because it's the vertical lines that are perpendicular to horizontal lines. For vertical lines, they're written in the form x equals some number, the constant xs, so look at the point you were given. 
You were given (3, 2). If we label x sub 1, y sub 1. Because we're writing the vertical line that passes through this point, we're concerning ourselves with the x coordinate, which in this case is 3. The equation of the line would be x equals 3, and you're all done. Okay, because given this horizontal line, the line that passes through it is vertical. If it passes through that point, then the equation has to be x equals 3. Okay. You give this one a try. 
You're going to write the equation of the line that passes through (4,-1) and is perpendicular to y equals 2. Take a minute. Think through that. When you're ready to check your answer, press play. All right, let's see how you did. 
The given line, y equals 2, I know that's horizontal. My perpendicular line must be vertical. I know if I have a vertical line, it's written in the form x equals some numerical value, and if my vertical line passes through the point (4,-1), I know I have to concern myself with the xs, so in this case, the equation would be x equals 4, and you got it. You're all done. 
I think we may have, yeah, just one more to look at and then one more for you to try. Okay, so write the equation of the line that passes through (2,7) and is perpendicular to x equals -4. Okay, so let's think about what's going on here. We were given the equation x equals -4. Okay, so because that equation's in the form x equals some constant term, we know this line must be vertical. If we are writing the equation of a line perpendicular to this, we know our line must be horizontal. It has to be in the form y equals some constant term. If our line passes through the point (2,7), then we need to concern ourselves with the y values this time, so the y value is 7, so the equation of the line is y equals 7. You're all done. 
It's just the reverse of what we just did. If you're given a vertical line, the line perpendicular to it is horizontal. Okay, so keep that in mind, and give this one a try. Think through it. Press pause. Take your time. When you're ready to check your answer, press play. 
All right, let's see how you did. We were given the equation x equals 3. That's a vertical line. If we are writing the equation of a line perpendicular to it, then it must be horizontal, which means it's written in the form y equals some numerical value. If this, our line, passes through the point (x sub 1, y sub 1), and it's horizontal, then we're concerned with that y term, that y coordinate. If it's 9, then the equation of the line is y equals 9, and you got it. You're all done. 
Excellent job guys. You did a great job working through these problems and writing equations of parallel lines and perpendicular lines and really investigating and analyzing those special lines. You did a great job applying your skills of algebra and on the coordinate plane. Hope to see you back here soon. Bye. 

