




Algebra 1 – Module 5, Topic 6 
Using the Elimination Method to Solve Systems of Linear Equations
Hey, guys. Welcome to algebra I. Today's lesson's going to focus on using the elimination method to solve systems of linear equations. Now, systems may be a little new to you, but I promise it won't be too much trouble for you to get through these kind of problems. You ready? Let's go. 
Before we start talking about systems and solutions and finding the answer, let's just throw back a bit to just linear equations. For example, if you were given this linear equation and asked to find 2 solutions to the linear equation, how could you do that? Basically, I know in pre-algebra you spent some time just generating a table of values. That table represents solutions to whatever equation you were working with. You can pick, in this case, any input value you want, pick any real number you want to replace x with. Your output is y. For example, let's say I want to let x equal 3. If x equals 3, then y equals what? Let's see. Let's substitute 3 for x and see what we get for the answer. 
All right, y equals 2x + 1. I'm going to replace x with 3. 2 times 3 plus 1. The answer to this is going to tell me what y is. Okay, so 2 times 3, that's 6. 6 plus 1, that's 7. This is telling me that when my input is 3, my output is 7. Or, in other words, when x is 3, y is 7. Let's write that up here because now it's no longer a question. Get the pen back. 1 solution to this linear equation is the point (2,3) or the ordered pair (3,7). I know you're like, "Where'd those numbers come from?" The ordered pair (3,7). X is 3; y is 7. That's 1 solution to this equation. 
Let's play around. Let's get another one. This time, let's let ... Let's erase this. Let's let x be 0. It's an easy enough number to handle. Let's see what y is in that case. Now we're going to replace x with 0 in this linear equation to generate another solution. Y is 2x + 1. We're going to replace x with 0. Y is going to equal 2 times 0 plus 1. 2 times 0, I know that's 0. 0 plus 1, that's just 1. When my input is 0, my output is 1. Or, in other words, when x is 0, y is 1. The screen jumped on me again. Another solution to this linear equation is (0,1). Those are 2 solutions that if I substitute those into my linear equation, it'd be true. 
Now when we start talking about systems of equations, a system of equations is a set of equations. That's all they mean by system. It's a set. It's 2 or more equations that you deal with or that you work with simultaneously, like at the same time. How you find the solution to a system of equations, you can use about 3 or 4 methods. There's a few different methods you can use. For this lesson, we're going to focus on 1 of those methods, the elimination method. In a few more lessons down the road, we're going to focus on a few more. In algebra II, you'll learn even more. 
Let's look at this. What is the solution to the system of equations? How we figure out the solution, and actually what they mean by the solution, is they want to find that ordered pair. Find that x and y, that when you substitute it into both of these equations, they're still true. This is how you find that answer using elimination. Another way to think about elimination is addition in this case. You're going to add equations together. Your goal is to completely cancel out 1 of the variables. Sometimes you can add them together right as you see them, and sometimes you have to manipulate 1 or both of the equations in order to cancel out 1 of those variables. Let me show you what I mean. I'm going to get rid of this little brace right here, that little bracey. Let's undo this group here. I'm going to get rid of this. 
You'll see that, the little brace, and that's just telling you this is a system. Handle these equations together. Because I already know this is a system, I'm just going to get rid of this for right now. Now I just want to get to work. I'm going to get rid of this, just make myself more room for myself, basically. All right, let's move that up a bit. 
Using the elimination method, you add your equations together. You add with the goal of canceling out 1 of your variables. That's how you start. Here, if I look at these 2 equations, what my eye jumps out to see is that I see I have a negative y in that top equation, and I have a positive y in that bottom equation. If I add those y's together, they're going to completely cancel each other out, right? I don't need to manipulate either of these equations in order to cancel out 1 of my variables. I'm going to take them as they are, and I'm going to add them together. I'm going to put a little bar right here. Think about you're adding equations together. 
What happens here ... all right, 5x plus 3x. I'm going to put even a little plus sign here to remind you. 5x plus 3x, that's 8x. -y plus y, that's 0. Those y's just wipe each other out. I have 8x equals 24 + 8, they're kind of large. 24's kind of a big number, so you can either use your calculator or use mental math to get that, but it's 32. 
Adding those equations together gave us a new equation of 8x = 32. Now, we just want to solve that little mini equation for x, and see what our answer is. I have 8x = 32. I know in order to solve that, I'm going to divide both sides by 8. Divide by 8. Divide by 8. Those 8's cancel out, and I'm left with x = 4. Now I have 1 part of the solution to this system. Now I know that x is 4. I know the x. I also need to know the y, though. How I figure out what y is is I'm going to substitute x back into 1 of those original equations, and I'm going to see what I get for y when I do that. 
Let me get rid of that for a second so we can actually look at what the equations were to start with. Now let's look and see. It doesn't matter which equation you pick to substitute your value of x back into because you'll get the same answer regardless of which one you pick. I'm going to pick the second one, the 3x + y = 8 only because the numbers are smaller. Since I'm using mental math, it's easier to work with smaller numbers. I'm going to use that second equation, but again, it doesn't matter which one you use. 
Let me do a little rearranging up. All right, let's just slide that work over to the left because I still want you to see that, but I need to add some work to that. Remember I picked the second one. I'm picking the 3x + y = 8 to substitute that value of x into. Since x is 4, 3 times 4 plus y equals 8. Now I just work my way through this and solve for y. 3 times 4 is 12. I have 12 + y = 8. Trying to solve for y. We're going to subtract 12 from both sides. Those cancel out. I'm just left with y = 8 - 12. That's -4. I'm all done. Now I see that the solution to this system of equations ... Scroll down so we can write the final answer. X is 4, and y is -4, so (4,-4). You're all done. That is the solution that if you substituted 4 and -4 for x and y into each of those equations, they would hold true. 
Let's keep going. Got another system here that we want to find the solution to. We've got 2x - 3y = 9, x - 2y = 3. All right, let's get a few things out of the way here so we've got some room to work. Let's get rid of that brace because I know it's a system. Check. I've seen it. Just want to get some room to work here. Let's move that actually over there. Okay. Remembering what we did on the last example, we added the equations together because we're using the elimination method. We wanted to eliminate 1 of those variables in order to help us solve the system. If you look at this system here, if I add these equations together as they are right now, I'm not going to be able to eliminate either x or y because if I add 2x and x, I'm going to get 3x. If I add -3y and -2y, I'm going to get -5y. I can't eliminate anything based off of what this is right now. You're going to have to manipulate 1 or both of these equations in order to allow you to eliminate 1 of the variables. Here's what I mean. 
You start just kind of playing around and imagining things, really. Imagine if instead of this term right here, this x, if instead of being an x, it was a -2x, I'd be able to add those 2 terms together and cancel off the x's because 2x and then pretending this is a -2x, when I combine those, they cancel out. I get 0. You start thinking. You're like, "Okay, well how could I make that x a -x?" How could you do that? What if you multiplied x by -2? If that x was multiplied by -2, it'd be a -2x, but remember our properties of equality. We have to multiply every term, left side and right side by the same thing in order to keep our equation equal, in order to keep it balanced. 
We're going to manipulate this second equation by multiplying the entire thing by -2. I'm allowed to, right? It's one of those properties of equality. Math says it's okay. We're going to manipulate this how we need to in order to eliminate one of these variables. In this case, it's by multiplying that second equation by -2. Look what happens. I'm going to put a little arrow here to show you that's the ... and then this happens. 
The first equation remains unchanged, 2x + 3y = 9. The second equation we manipulated. Let's see what happens when we multiply this entire equation by -2. -2 times x, that's -2x. -2 times -2y, that's a positive 4y, so + 4y. -2 times 3, that's -6. I just caught a little typo. When I copied that over, I changed the sign by mistake. Let's get that back. That was a 2x - 3y. Okay. Looking back at these equations, the second one, now it's the same, 2x - 3y = 9 for that first equation. The second one, we multiplied every term by -2. We have -2x + 4y = -6. Let's keep moving. 
Now we've got something that we can use the elimination method on. Now we can add these 2 equations together, and we know with how we manipulated it, we're going to be able to eliminate the x's. Let's do that. We know when we add those together, that wipes out. -3y plus 4y, that's just 1y, so y equals. Then we have 9 minus 6, which is 3. In this case, y = 3. We got the y part of the solution first. We're going to use that same process in order to figure out x. We're going to substitute that value for y back into one of the original equations and see what we get for the answer. 
This time, I'll use the first one, the 2x - 3y = 9. I'm going to substitute the value of 3 for y and then see what I get for the answer. Let's scroll down just a tad. I'm using 2x - 3y = 9. I'm going to separate this. This is like a step 1 and a step 2. Remember, we're going to replace y with 3. Now, 2x - 3(3) = 9. I'm going to scroll to give us some room to work. Let's see what the answer is here. 2x is just going to be 2x for right now. Minus, okay, 3 times 3. That's 9, so minus 9, equals 9. All right, so just taking the steps to solve this equation. Going to add 9 to both sides. Going to extend this page a little bit. Now here, those cancel out, and I have 2x = 18. Then I'm at the last step. Divide each side by 2, so x = 9. 
We took the steps we needed to get the solution here. X is 9, and if I scroll back up, y was 3. Our solution, (9,3). Do you see how this one was a little different because we had to manipulate one of those equations first? Then after that, just add them together, follow our elimination method process. Let's try 1 more together. 
Here we have this system, -5x + 10y = 5, 2x + 4y = 6. Let's get a few things out of the way so I've got some room to work up here. Let's get rid of that brace because I recognize it's a system now. I'm ready to attack it and get ready to work. Let's get the pen back. Let's look at what we've got here. If I were to go straight into adding these equations together, let's see if I'd be able to eliminate anything. If I added -5x and 2x, that's -3x, so I can't eliminate the x's. If I add 10y and 4y, that's 14y, so I can't eliminate the y's. I'm going to need to do a little manipulation here. Just the 1 time manipulation is okay when you manipulate equations. 
Now, in this case, you kind of have to do a little playing around with the equation to reason your way through it to figure out how you need to manipulate it. Then you just start thinking, "Okay, is there anything that I could multiply 2 by that would give me an answer of positive 5 so that I can cancel these out? Nope. Is there anything I can multiply 4 by that would give me a -10 so that I could cancel the y's out? Nn-hmm (negative)." When you run into that case, that's actually when you're going to have to manipulate both equations in order to eliminate a variable. Then, again, you just start playing around and kind of thinking about it. 
This is how I think about it. I say, "Okay, well, what if I multiplied that -5 by 2?" I just trying out the coefficient. If I multiply that -5 by 2, it'd be a -10x right here. If I multiply that 2 by 5, then I'd have a positive 10x. Then I could actually eliminate the x terms here. That's what I'm going to go for. We're going to need to multiply the top equation by one number and the bottom one by another. These are the numbers that I picked. You don't have to eliminate the x's. You might have gone to eliminating the y's first if you wanted to. I just decided to attack the x's because I was dealing with smaller numbers than I was dealing with the y's. 
What I'm going to do is I'm going to multiply this top equation by 2. I'm going to start out by doing that. Let's take this over to the right. 2 times -5x, that's -10x. 2 times 10y, that's 20y. 2 times 5, that's 10. Now I see I've got my new equation. I look at the second equation. You remember we said we were trying to cancel out the x's in this case, so we wanted to multiply by 5 here because if that 2x was a 10x instead, I could wipe out those x's really easily. I'm going to multiply that second equation by 5. 5 times 2x, that's 10x. 5 times 4y, that's 20y. Equals, 5 times 6, that's 30. Voila, what do you know? Now we've got something we can eliminate some things on. 
If I add these equations together, the -10x and the positive 10x are going to wipe out. 20y plus 20y, that's 40y. Equals, and then 10 plus 30, that's 40. Now just keep going and solve for y. In this case, I'm going to divide both sides by 40. 40's cancel over here, so y equals ... They canceled because 40 divided by 40 is 1. Y, we know, is 1. We've got that. 
Now, remember, now that we have one of the variables, we want to substitute it into one of the original equations in order to solve for the other variable. I'm going to pick the second one because the numbers are smaller here. Now, remember it's the original equation you want to go back and substitute into. I'm going to work with the 2x + 4y = 6. I'm going to substitute y in there as 1. 
Scroll down a bit. 2x + 4y = 6. Let's just separate this. 2x + 4y = 6. Now that I know that y is 1, okay, that's where I'm going to be working off of. Let's move a little bit. Let's extend this page a little bit, get some more room. 
Now, remember, from adding together those manipulated equations, we figured out that y was 1, so we're going to substitute that value into one of those equations, and I picked the second one. Scroll down. Here we go. 2x plus 4 times 1 equals 6. Let's just simplify this, clean this up. That's still 2x. 4 times 1, that's 4. Equals 6. Solving this equation, subtract 4 from both sides. 2x = 2. Then the last step. Divide both sides by 2. X = 1. We've got our solution. X = 1, and if we scroll back up, you remember we already found out that y = 1. The solution to this system of equations is (1,1). That is the x value and the y value, that when substituted into those equations, they hold true. 
I do believe it is your turn. Go ahead and press pause. Take your time with these. Take a few minutes, and work your way through these problems. Remember our process. Try to eliminate one of the variables. Try to see if you can just add it first. If not, get to manipulating those equations. Solve for one of your variables. Plug it back in and get the other. Take your time. Work your way through those. When you're ready to compare your answers, go ahead and press play. 
Okay. Let's see how you did. Get the pointer tool. For that first system, the solution was (5,1). X was 5, and y was 1. For that second system, the solution is (-11,3), so x was -11, and y was 3. If you want to see how I solved those using the elimination method, then here you go. Let's get some room up here. Let's get rid of that. Let's get rid of that brace. Let's start doing some math here. Get rid of that. Why not? Let's get rid of that too. Let's take a look at what's going on. 
If I add these equations with how they are right now, I won't be able to eliminate anything. If I add the x's, we're going to get 3x. If I add the y's, I'm going to get 1y. You need to do some manipulation. It doesn't matter how you chose to eliminate them. I think I'm going to pick to eliminate the x's. You might have chosen to eliminate the y's, and that's perfectly okay. I'm going to eliminate the x's by multiplying that bottom equation by -2 because that's going to allow me to get a -2x to cancel out with that positive 2x. Going to write it that like that. Take me over here. 
First equation stays how it is. 2x - y = 9. Second equation has been manipulated, so -2 times x, that's -2x. -2 times 2y, so that's -4y. -2 times 7, so that's -14. Now let's add these. 2x minus 2x is going to cancel out. -y minus 4y, that's -5y. Equals. 9 minus 14, that's -5. Divide both sides by -5. Y is 1. Now that I know that y is 1, I'm going to substitute it back into one of my original equations to solve for x. I'll pick the top equation. Why not? 
All right, let's get some room to work here. Scroll a bit. 2x - y = 9. That's that equation. 2x - y = 9, that's what it was. Yes. Get a little more room to work up here. Now that I already know that y is 1, I'm going to substitute it into that equation. 2x - 1 = 9. Now solve. Add 1 to both sides. Cancel out. 2x = 10. Now divide both sides by 2. Get a little more room here. X = 5. We got the solution to that system. X is 5; y is 1. The solution, (5,1). That solves the first system. 
Now for the second system. Let's get some of this extra stuff out of the way here so we've got more room to work. Let's break this up. Get rid of the brace. Get rid of that. Okay, let's just focus here. When you look at this one, you got a little gift here. You don't really need to do any manipulation. You can just go ahead and add, and you'll be able to eliminate the x's when you do that. Let's see here. If I just go ahead and add as they are. X minus x cancels out. 5y minus 4y is 1y. 4 minus 1, that's 3. Now I know that y is 3. In order to get x, I'm going to substitute that y value into one of those equations and solve for x. 
I'll pick the first one in this case. I'm just going to work over here. I got some more space this time. I'm going to use the x + 5y = 4. I'm going to let y be 3 and see what I get, so x plus 5 times 3 equals 4. We're going to keep going so we can solve for x. X plus 15 equals 4. Going to need to substitute 15 from both sides. This cancels out right here. Bring down my x. Equals -11. I've got my answer here. I've got my solution to this system. X is -11, and y is 3, so I could represent that by the ordered pair (-11,3). All done. 
Okay. Good job here today, guys, working on finding the solutions to systems of linear equations. I hope to see you back here soon for some more algebra I. Bye. 

