




Algebra 1 – Module 7, Topic 2 – Solving Multi-Step Linear Inequalities Algebraically
Hey guys welcome to Algebra One. Today's lesson is going to focus on solving multi-step linear inequalities algebraically. Your knowledge of solving [actually 00:00:11] equations and of the properties of inequality will help you move through this lesson really easily. You ready to get started? Let's go. Before we jump into inequalities, I just want to throw back a bit to equations. They're not too ... I mean there obviously are great differences between them but the steps that you take to solve an equation and to solve an inequality algebraically are very similar. If you can do one, most likely you can do the other. Let's look here, 6x - 3 = 9. If I wanted to solve this equation to get the solution, like they're asking me to, I'd start by adding 3 to both sides right? Cancel that right there so 6x equals 12. Divide both sides by 6, x is 2. 
What that means is the solution to this equation, the value when I substitute it in there, gives the equation a value of 9 is 2. Let me show you what I mean over here, I'm going to verify. My equation is 6x - 3 = 9. We're saying 2 is the one and only solution to this equation. Let's see, let's substitute it in there and check. 6 x 2 - 3, 6 x 2 that's 12. 12 - 3 is 9 so 2 is the one and only solution to this equation. Now let's move on a little bit, we're going to change that equation to an inequality. I want to show you the difference between an equation and an inequality. As far as solving this, it's essentially the same thing. Add 3 to both sides, that's going to cancel out. 6x is less than 12, divide both sides by 6, x is less than 2. You see this time, we were asked for the solution set because in an inequality you always have more than one solution. There are infinitely many solutions that will prove your inequality is true. What this is saying is any x value that's less than 2 will make this inequality true. Let me show you what I mean.
Let's pick a few numbers that are less than 2. Let's pick 1, 1 is less than 2. Split this up. We have 6x - 3 is less than 9 so if we let x be 1. 6 x 1 - 3, 6 x 1 is 6 and 6 - 3 is 3. 3 is less than 9 so 1 works. What if we said, what if x were 0? Let's try that. 6 x 0 - 3, 6 x 0 is 0. 0 - 3 is -3 which is less than 9 so that's true. We could go on doing that for days. Any x value that's less than 2 will make this inequality true. That's the difference between the solution to an equation and a solution set to an inequality is that there are more than 1 or there's more than 1 value that will make that inequality true. Let's practice solving inequalities for a bit. We have 10x - 8 is greater than 3x + 20. If we're going to get the solution set and we're actually going to write it in set-builder notation too just so you keep practicing that skill. 
Think of your inequality sign as dividing that inequality into 2 sides. We want to get out x's on one side, our numbers on the other side just like when we were solving equations. I'm going to subtract 3x from both sides; I'll take that as my first step. You might have taken another one and that's perfectly fine. I have 10x - 3x so that's 7x - 8 greater than 3x - 3x that wipes out. I'm bringing down the 20 so now I'm going to add 8 to both sides because I'm trying to isolate that 7x so + 8, + 8. That's wiped out so 7x is greater than 28. Scroll down a little bit. Now you're at your very last step, what do you need to do to get that x by itself? Let's divide both sides by 7 so x is greater than, and 28 divided by 7 is 4. If we were to write this in set-builder notation, it looks a little different for inequalities. Looks like this. We have our brace, you have an x, you have a colon then you have your x is greater than 4. You close your brace.
With how you read this, you read it like this. X such that x is greater than 4. That colon you read as such that. I know it sounds very mathy for lack of a better term because we don't typically speak that way but that is set-builder notation. When you see the colon, you read that as such that. This is x such that x is greater than 4 and that's the solution to this inequality. Let's try another one.
We have 5 halves x + 30 is greater than or equal to 10 and they're asking us to represent the solution set using set-builder notation. I'm going to move this problem to the middle right here just so it's easier for me to work out. I know you saw that fraction, fractions typically alarm us but we're good. We know how to handle it; we're going to clean that up in a second. Right now, let's get that x term by itself. Let's start by subtracting the 30 from both sides. That wipes out right there, I'm going to bring down that 5 halves x greater than or equal to 10 - 30. That's -20. Now treat that fraction almost as if this is a division problem. 5 divided by 2 so the opposite of dividing by 2, the inverse operation, is to multiply by 2. I'm going to multiply the left side by 2 and the right side by 2. On the left side, those 2s are going to cancel out. I'm just left with 5x greater than or equal to -20 x 2. That's -40. We're at the very last step, what do we need to do here to get x by itself?
Good, divide both sides by 5 so x is greater than or equal to -8. If I wanted to represent that answer using set-builder notation, get a little more space here. We would write that as put our brace, x the colon for the such that. X is greater than or equal to -8. That's how we can represent that solution using set-builder notation. Any value of x that is greater than or equal to -8 will prove that this inequality is true, the one we started with up there. Let's keep moving, let's do another one together. We're going to represent the solution using set-builder notation; I'm going to just move that to the center. Let's first use the distributive property so we can just get this cleaned up a bit. 4 times x, 4x, 4 times 1 + 4 - 9x. Going to bring everything else down, less than 54. I see we have some like terms on the left side; we combine the 4x and the -9x. You combine 4x and -9x that's -5x + 4 less than 54. Going to keep moving along, scroll down a little bit.
I'm trying to isolate that -5x so let's subtract 4 from both sides. Bring down our -5x is less than 54 - 4, that's 50. Give me a little more room here. Now we're at the last step to get x by itself we need to divide both sides by -5. This is going to cancel here and we have x but remember that property of inequality. If we divide both sides by a negative number, we have to flip that inequality sign. Change the relationship. 50 divided by 5, that's -10. My solution set, have my brace, x colon x is greater than -10. This is x such that x is greater than -10. We got through that one and I do believe it's your turn to try a couple. Press pause, take your time and work through these. When you're ready to compare your answers against mine, press play. Let's see how you did. Let's get these little answer hiders out of the way.
For number one, you should have got x such that x is less than or equal to 9. For number 2, x such that x is less than 3. Let me show you how I got those in case you need to see. We're going to start out, make sure I've got the pen. You want to isolate that two thirds so I'm going to start by adding 1 to both sides. Plus 1, plus 1 so cancel that right there. Bring down my two thirds x, less than or equal to 5 + 1 is 6. I'm going to treat this fraction like it's a division problem. 2 divided by 3, the opposite of dividing by 3 is to multiply by 3. I'm going to multiply both sides by 3. On the left side that allows me to cancel those 3s out and I'm just left with 2x. Less than or equal to 6 x 3 that's 18. Little more workspace. Then for our last step, divide both sides by 2 so x is less than or equal to 18 divided by 2 is 9. If we represented that in set-builder notation, got our brace, x such that x is less than or equal to 9.
Let's try the other one. Want to isolate x, I'm going to start by subtracting 7x from both sides. That's going to cancel out on the right. 5x - 7x, that's -2x + 4 greater than 10. Next step's going to be to subtract 4 from both sides. Minus 4, minus 4 so -2x greater than 10 minus 4 is 6. Final step divide by -2 because we're dividing both sides by negative, we've got to flip that inequality sign. 6 divided by 2 is -3. If we wrote that using set-builder notation, let's get a little more space underneath, brace x such that x is less than -3. Now another way, just before I let you go, another way you may see set-builder notation instead of a colon, you may see just a bar. Like x such that x is less than -3. That's another way you may see the set-builder notation. Great job guys, now you're very familiar with how to solve multi-step linear inequalities algebraically. Hope to see you back here soon for more Algebra One. Bye.

