







Algebra 1 – Module 5, Topic 7 – Using the Substitution Method to Solve
 Systems of Linear Equations
Hey guys, welcome to Algebra I. Today's lesson is going to focus on using the substitution method to solve systems of linear equations. Now, you've had a little practice with solving systems before, but we used the elimination to solve, so get ready to learn one new strategy. Let's go!
Before we jump into substitution, let me jog your memory about the elimination method, just to get you comfortable with systems again. You will be given a system of equations, like this, and when using the elimination method, your goal was to completely wipe out on of the variables. Either solve for x first or solve for y, it was up to you, but your goal was first to eliminate one of them. Let's look at this. Let's get a few things out of our way here, so we can just focus on that system. Let's delete that. Now, remember when we saw two equations and that brace, that was the signal that you were dealing with the system because I know I see it now. I know I am dealing with a system. I'm just going to delete it to get it out of my way. I can just focus on those equations. Let's get that out of the way and move that up a bit. With the elimination method, your goal was to add your equations together and wipe out one of your variables. 
I look at what I've got here and it looks like I can easily wipe out the y variable here, so let's do that. Put my bar here to signal that I am adding. If I add these equations together, 5x + 3x = 8x. -y + y, that just wipes out, like I wanted it to. I've got = 24 + 8, that's 32. Now, I'm left with this one step equation, 8x = 32, so I'll solve that. Divide both sides by 8 and I'm left with x = 4. I've already solved for one of my variables using elimination method. 
Now that I know that x is 4, I would choose one of my originally equations and substitute 4, that value of 4 in there, and that would help me be able to solve for y, so, let's do that. I'm going to go back and erase this, little cancel out line, so we can actually see those equations. Remember it didn't matter which one you picked; it was completely up to you. I'm going to go for the second equation because the numbers are smaller and I'm using mental math to solve. It will just help me solve the equation easier. I'm going to substitute into 3x + y = 8 and now that I know that x is 4, I'm going to substitute that value in there for x, so 3(4) + y = 8. Now, 3(4) = 12, so 12 + y = 8. Now to solve for y, I need to subtract 12 from both sides. Right? Those will cancel out and I'm just left with y = -4. I see that x is 4 and y is -4, and remember we'd write our final answer as an ordered pair, so (4, -4). That'd be my answer. That was using the elimination method to solve a system of linear equations. 
The strategy we are going to learn to today is a substitution method. We're going to solve this exact same system, but I'm going to show you how to use substitution method to get to the answer. That's one of the beauties of math, is that can use a lot of different strategies sometimes, to get to the same answer. It's completely up to you what you want to do. All right, so we've got the same system, but now I'm going to show you the substitution method. Let me, again, get a few things out of my way. I just want you to see how you would be presented with the problem here. All right, so let's get rid of that. Let's move our system up a bit; get some room to work. Let's get rid of that brace because I know I'm dealing with a system, since I've seen it. Here we go. 
Now, the goal with the substitution method, is to first choose either one of your equations and solve for either x or y. It's up to you and after you've solved for one of those variables, you substitute that value, which is actually going to be an expression, back into another equation. Let me show you because this is really one you've got to see. First you just decide, do you want to choose the first equation and solve for x or do you want to solve for y, or do you want to choose the second one and solve for x or solve for y? Completely up to you. Again, I'm going to choose the second one, just because I'm dealing with smaller numbers in that second equation. I'm using mental math; it's just easier to deal with smaller numbers. Let me actually shift this over a bit. I'm going to use 3x + y = 8 and I'm going to solve it for y, since y has a coefficient of 1. Remember, it's invisible. We don't actually see it. I'll just be able to get to that answer pretty quickly. Here we go. 
Let's go off to the side. Actually, let's go down here. 3x + y = 8 and I'm going solve for y. You might have had a little memory jog right there because when I solve for y, you probably notice that you are not going to get a numerical value for the answer for y. You are going to get an expression. This is why we have to first learn how to solve linear equations before we got to systems. If I'm trying to solve this equation for y, I'm going to subtract 3x from both sides. 3x - 3x, that cancels out, bring down my y, =. Now 8 -3x, those aren't like terms, so I can't combine them and get one numerical value or one variable. I can't get that. I'm actually going to get an expression. I want you to get in the habit of writing the x term first in your expression. It really doesn't matter which one you write first, but if you just get in the habit of doing that, it's going to help you when we get to something else a little further along in the course. 
For 8 - 3x, I'm actually going to write that as -3x + 8. Remember the cumulative property says you can add in any order you want, so that is still mathematically correct. Now that I know that y = -3x + 8, I'm actually going to number that as our step 1, I'm going to substitute this algebraic expression back into that first equation that I haven't messed with at all yet. Let me show you what I mean because I know it probably sounds like a little crazy. 
This equation here is 5x - y = 24 and when I solved that second equation for y, I found out that y = -3x + 8, so I'm going to substitute that expression, that -3x + 8, back in here for y. Look at what that looks like; so you'd have 5x - (-3x + 8 ) = 24. I've simply replaced y with -3x + 8. Now I have an equation that just deals with one variable and I can go ahead and solve that for x. This time, I will get a numerical value for the answer. Let's go. 
5x ... remember when you see a negative out here, it's like you're distributing a -1 into your parentheses. -1(-3x), that's a positive 3x. -1(8), that's a -8 = 24. Now I need to simplify this left side. I'm going to go ahead and combine like terms. 5x - 3x, that's 8x. Bring down my -8 = 24. Going to have to add 8 to both sides because I want to get 8x by itself. +8, +8, that's going to wipe out, so I have 8x = 32 and let's scroll down a bit, get some more room here. Now we've got one step left to solve for x. Divide both sides by 8 and what do you know? x = 4. Just like it did in the other system. Actually, in the same system when we used the elimination method. I've got that x is 4, now that I know that, I'm going to go back and plug that value into one of my original equations and get y. Let me show you that. 
I'm going to get rid of this work right here, just to give us a little space, but I want you to still see what we just did. Get the pen back. Now that we know that x is 4, I'm going to go ahead and just substitute it into the second one. It doesn't matter, again, it doesn't matter which one you pick. I'm going to pick the second one this time. I'm going to deal with 3x + y = 8 and now that I know that x is 4, 3(4) + 4 = 8. I'm sorry, I switched that y to a 4. I'm glad I caught myself right there; I'm like wait, I need a variable. There we go. 3(4), that's 12, + y, = 8, solve for y, so I'm going to go ahead and subtract 12 from both sides. Get us a little more room to work here. My 12's are going to cancel out, that 12 and -12. y = -4. Just like I knew it would. Then again, you'd write your final answer as an ordered pair, so x is 4 and y is -4. That would be the answer to the system of equations. Do you see with substitution is a little more work than when you use elimination method? Again, it's a valid strategy for you to solve systems of equations. Let's get a little more practice with this one. Let's do another problem.
What is a solution to this system of equations? Now, this one is going to take a little less work because we already have one of the equations solved for y. We can kind of cut out that first step in solving for one of our variables first and go ahead and start substituting. Let's get a little more room up here so we can get to work. Let's delete that. Let's delete that. Let's move that up a bit. Get our pen back. Here we go. 
I already know here, that y = 2x + 10. I can go ahead and just jump to that second step and substitute that 2x + 10 back into that first equation. All right, let's do that first. I'll write over here this time. First step, I'm going to work with 3x + y = 5 and the second equation tells me that y = 2x + 10, so I'm going to go ahead and substitute that into that first equation. 3x + (2x + 10) = 5. Notice when I substitute, I always use parentheses. Now you may feel like, oh why it is necessary? Especially in this one. You're really not going to have to distribute something. It's going to change the value of what you substituted, but it's a good habit to have. Every time you substitute, go ahead and use your parentheses. 
Let's clean this up. 3x, that's just going to keep going along for the ride here. It's not being effective yet and it's +, this expression right here. In theory, it's like you're distributing a +1 to that expression, but you know multiplying by 1 doesn't change the value of what you've got here. Again, I'm going to have +2x + 10 = 5. I'm just going to keep going here and clean this up. I have some like terms that I can combine on my left side. 3x + 2x, that's 5x. + 10 = 5. I'm going to keep going with this one ... what I need to do next, good. Subtract 10 from both sides. -10, -10, all right, so that's going to wipe out. 5x is going to come down. 5 - 10, that's -5, all right. Let's get ourselves a little more room up here. All right and then the last step with this equation, you go ahead and divide both sides by 5. Divide by 5, divide by 5. That's going to wipe out, so x = -1. 
We have one-half of our solution, now we need to get the second part. If we look back at our system, scroll up, because that second equation was already solved for y, that's probably going to be the easiest one for me to just go ahead and substitute that value of -1 in there and get my answer for what y is. Again, it doesn't matter. If you had decided you wanted to use the first equation, that's completely fine. Let's look back. I know that x is -1, so I'm going to substitute that value into that equation. This is like our step 2 here. We only have two steps for this one. y = 2x + 10 and you'll notice I always re-write the equation before I start substituting, that's just another good habit to get into, so that when you look back at your work, you can see exactly where it was that you started from. You can go ahead and interpret your work and see what you need to do. Now that I know that x is -1, y = 2(-1) + 10. I'm just going to keep going; simply this. 2(-1), that's -2, so -2 + 10, that's +8. I know that y = 8. Now that I have both parts of my solution, I can go ahead and write my final answer as an ordered pair. Now make sure you write it in right order because you want the x and then the y. x is -1, y is 8. My ordered pair (-1, 8) and that would be the answer to this system of equations.
Let's keep going. One more together and then it's going to be your turn to try. We've got another system here we've got to find the solution of and this one, it's going to be even less work because we've already solved for x, actually the numerical value. They're telling us x = 2, so I already know one part of my solution from the get-go. I just need to substitute that value of x into that first equation to help me figure out what y is going to be. Let's do that. Let's get rid of some stuff again, so we can get some work space up here. Let's get rid of that brace because we know we've got a system. We've seen it. We just want to start working. Let's move that up a bit. 
I know x is 2. I'm going to go ahead and substitute that value into that first equation so I can get y. This one's actually just going to have one step. -5x + 10y = -10 and I know that x is 2, so I'm going to substitute that in here. -5(2) + 10y = -10. -5(2), that is -10. -10 + 10y = -10. A lot of 10's going on here. We are trying to solve for y, so we are going to need to add 10 to both sides so we can wipe out this first term here. +10, +10. This is going to cancel out here. My 10y is just going to come down. 10y = -10 + 10, that's 0, right? Those are opposite terms. Now, just divide both sides by 10, so we can solve for y. Divide by 10, divide by 10. Get a little more work space up here. 0 divided by 10, that's 0, so y = 0, and because we already knew what x was, we're basically done. We just need to write our answer here. x was 2, y was 0. Write it as an ordered pair, x term first, and there you go. That solution or this system, has a solution. (2,0). 
I do believe that it is your turn to try a couple problems. Press pause and take your time with these. I want you to use the substitution method to solve these two systems of linear equations. When you are ready to check your answers, go ahead and press play. 
Let's see what you got. The solution to the first system of equations ... let's move our little answer box here. You should have got (-3, 15). x was -3, y was 15. For the second system of linear equations, let's reveal it. Your answer should have been (-10, -15). Now if you want to see how I got those using the substitution method, let me show you. 
On the first one, let's move a couple of things here, like we always do to get a little more room to work. I think we're good keeping that there. I'll leave the brace this time, so we can go ahead and get started. Here, I don't have either of the equations solved for one of the variables yet, so I am going to have to go ahead and take that step. Looking at what I working with here, looking at the equations, it's going to be easier for me to use the second one and chose to either solve for x or solve for y because this x term and this y term have coefficients of 1, so it's just going to make the equation a little easier to work with. Again, it's completely up to you which equation you want to start with; completely up to you. 
I'm going to use the second equation here and just to switch it up a bit, I'm going to solve for x first. Remember, you always want to write the equation before we start manipulating it, just so know where you began. I said I would solve for x this time, to switch it up. That means I'm going to have to subtract y from both sides. -y, -y. These are going to wipe out here. That positive and negative y. x term is going to come down. x is going to = -y + 12. Now maybe you wrote that as 12 - y. That's completely fine. Now that I know what x is, I'm going to substitute that expression, that -y + 12, back into the first equation and that's going to help me solve for x. Let me show you. I'm going to number this step two. I'm going to copy that first equation. 8x + 2y = 6. I know from my work over here, that x = -y + 12, so I'm going to substitute that value in for x. 8(-y + 12), bring down that +2y, = 6, then we're just going to clean this up; get some room to work. I need to start with distributing that 8, so 8(-y), that's -8y. 8(12), that's a pretty large number, but it's 96. + 2y = 6.
Now, let's just clean this up; get some more work space here. I have some like terms I can combine here. This -8y and this +2y. That's going to give me -6, so -6y + 96 = 6. Let's keep going; need to make our page a little longer here. I need to subtract 96 from both sides, so -96, -96. That 96 and that -96, is going to wipe out, so I have -6y = -90. Now I need to divide both sides by -6, so divide by -6, divide by -6. These are going to wipe here, these -6's. y = 15, so I got the y value. Now that you know that y is 15, just plug that value back into one of your original equations and then you'll be able to get what x is. I need to scroll up a bit, so I can see what that equation was. 
I'm going to deal with that x + y = 12 because like I said, because the terms are easier to work with, I'll be able to get to the answer faster. Let me remember that. x + y = 12. Let's scroll down. We'll get that over here. x + y = 12 and now I know y is 15, right? x + 15 = 12. Subtract 15 from both sides, so -15, -15, wipe out. Bring down my x. = -3, so that's how I got to my answer, but x was -3, and y was 15. Remember we always right that final answer as an ordered pair, so (-3, 15), and that's how I got that one. Now, you may have done the substitution method, but had different work because maybe you choose to solve for y first, but again, that's just the beauty of math. We could of attacked it different ways and still got to the same answer. Now, let me show you how I got the second one. 
Let's move at least that out of the way and bring that up a bit. This one's going to be a little less work because when you look at it, you've already got that first equation solved for y, so we can jump right into the substitution, to see what we are going to be getting for the answer. Let's number this first step, number one. I'm going to start out by copying that second equation over. No, I don't want to leave; there we go. 3x - 3y = 15 and I know that y = 2x + 5, so I'm going to substitute that expression into this equation. 3x - 3(2x + 5) = 15. We just substituted that 2x + 5 for y. Now we are just going to clean this up, so that 3x is going to come down. I'm going to need to distribute that -3 throughout this expression here, so -3(2x), that's -6x. -3(5), that's -15, so -15 = 15. Now we've got some like terms we can combine on this left side. 3x - 6x, that's -3x. Bring down that -15, right now it's just riding along, = 15. I'm trying to isolate -3x, so I'm going to need to add 15 to both sides here. See, this is going to wipe out here. Bring down my -3x, = 15 + 15, that's 30. Let's get a little more work space. 
Then, now to solve this one step equation we are left with, divide both sides by -3. Divide by -3, divide by -3, that's going to wipe out. x = 30 divided by -3, that's -10. I've got x = -10. Now that I know the value of x, go back, and do some more substitution so we can get y. Let's scroll up. It's going to really easy. We just ahead and use that first equation because it's already solved for y. We'll get the answer pretty quickly. Let's write that here. Let's call it step two. y = 2x + 5. Let's scroll back a bit ... remember was x is ... scroll down. x was -10, y = 2(-10) + 5. 2(-10), that's -20 + 5. -20 + 5, that's -15, so I've got here that y = -15. For my final answer, x is -10, y is -15. Let's write it as an ordered pair. (-10, -15). That's how I got my final answer. 
Good job guys! You've learned now two strategies to solve systems of linear equations algebraically. You already got familiar with the elimination method and now you got another tool in your toolbox with the substitution method. I hope to see you back here soon for some more Algebra I. 


