Solving Systems of Linear Equations: Substitution and Elimination.

A. Substitution
I x+y=21 We will solve this by substituting "x + 1" for "y"
y=x+1 in the first equation.
This givesus x +x + 1 =21.

Then solving, we get 2x + | =21
2x =20
x =10

OK., but what is y? We can solve for y by using the formula
y =X + |. (Or we could use the first equation.)
Theny=10+1=11.

So the solution is the ordered pair (10, 11).

2. 2x+3y=23 Again, we will solve this by substituting "x + 1"
y=x+1 for "y" in the first equation.

N o
This gives us 2x + 3(x + 1) = 23.
Then solving, we get 2x + 3x + 3 =23

S5x+3=23
5x =20
x=4

OK. but what is y? We can solve for y by using the formula
y =X+ 1. (Or we could use the first equation.)

Theny=4+1=5.

So the solution is the ordered pair (4, 5).
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3. x+4y=-5  To solve this by substitution, we first need to solve
Sy -2x=-3 for one of the variables in one of the equations.

It looks like the easiest thing to do would be to solve the first equation

for the x variable: X+4y=-5 ¥ Xotice here we are s vin
Xx=-4y-5 ne vartable for another!

We use this to substitute into the other, the second, equation. We
cannot use the same equation!!

7 5y-2(-:4y?5)=-3

otice here we are S5y +8y + 10 =-3
solving equations! 13y + 10 = -3

—_— . - 13y =-13
are building skill skillT!

Now to solve for x, wedox=-4(-1)-5=4-5=-1.

So our solution 1s (-1, -1).
4. Find two numbers whose sum 1s 18 and whose difference is 7.

Our equations would be x + y=18 and x - y = 7.

Now we need to solve one of the equations for one of the variables.
Let's solve the second equation forx: x-y=7
X=y+7

We can now do our substitution: y+7+y=18

2y +7=18
2y =11
y=35.5

And then we can solve for x: x=55+7=125.

So our solution 1s (12.5.5.5)

Make sure that is a reasonable answer! When we add them, do we
get 187 Are the two numbers 7 apart from each other?
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5. The perimeter of a rectangular plot of ground §s)500 m. The length

10 m more than 3 times the width. What agé the dimensions of

2L +2W =P =500

D

L=10+3W=3W + 10

Our system is 2L + 2W = 500
L=3W+ 10

We already have the variable L solved for in the second equation!
We can to straight to substitution! ;) 2(3W + 10) + 2W = 500
6W + 20 + 2W = 500

8W + 20 =500

8W =480

W =60

And then we can find the length: L = 3(60) + 10 = 190 meters.
So the plot is a 190m by 60m rectangle.
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B. Elimination

. 2x-y=9 Note that the y's would zero out if we added the
3x+y=16 two equations together. Remember your axioms:
equals added to equals are equal.

We would get 2x-y+3x+y=9+ 16
2X+3x+y-y =9+ 16

S5x+0=25
5x =25
X=35
Then we can solve for y using either equation. Let's use the second.
35)+y=16
I5+y=16
y=1

So the solution of the system is (5, 1).

Notice that we used geometric axiom 5 (well, from our book, anyway) on
the equations in substitution. Now we are going to use axioms 1-4.

2. 3x+2y=10 Here we need to subtract the two equations to
5x+2y=15 zero out the y's.

[ want to do 15 - 10 to get +5 instead of 10 - 15 to get -5, so let's

rearrange:  5x +2y = 15 (5x +2y) - 3x +2y) =

© 3x4+2y=10 5x +2y-3x-2y=
giving us: 2x =5 5x-3x+2y-2y=2x+0
x=25
And then we get 3(2.5) + 2y = 10
75+2y=10
2y =25
y=125

So our solution is (2.5, 1.25). And it checks by mental arithmetic!!

Sometimes we have to zero out the x's, and sometimes we do some other stuff.
but more later...
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Algebra: p. 463 #6

Solve by substitution: y =2x + |
X+y=-2

First substitute 2x + | for y, getting X + 2x + 1 =-2.

Then solving for x, we get

3x =-3
x=-1

Then we solve for y, getting y = 2(-1) + | =-1.

So our solution of the system is (-1, -1).

Algebra: p. 471 #6
Solve by elimination: 2x+-y,=8

+ x+y=12

S5x =20

x=4
Now findy: 3(4)+y=12
y=0

So our solution of the system is (4, 0).
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Note that y + -y = 0.

This implies that we can add
the two equations together to
eliminate the y variable.



Solve by elimination: 3x -2y =35
2x+y=28
We could, of course, solve this by graphing or substitution, but the point is
so solve by elimination. Elimination uses two basic principles:
l. number + opposite =0 that is,x + x = 0;

2. number - itself =0 thatis.x - x =0.

Sometimes, however, we have to multiply or divide one or both equations
by some number(s) to make some coefficients same or opposite.

Notice in the exercise we are working, no coefficients are the same
or opposite. What we have to do is to make them so. We could do this
either for the x. or the y. Let's focus on the y's. Then we need to find an

LCM of 2 and 1 because those are the coefficients of the y's (ignoring sign).
The LCM = 2, so we want to make both coefficients = 2.

So wedo 2[2x +y = 8] which gives us 4x + 2y = 16. Then we get:

3X-2y=5 )
4+ 4x+2y=16 Then find y: 2(3)+y =8
7 =21 y =2
! X =3 Solution: (3, 2).
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Solve by elimination:  3x +4y =11
Sx-Ty=-9

First, pick out a variable to eliminate. Let's do the y since one's positive and
the other is negative. Then we need to find LCM(4, 7). But that's 28. So we
need to multiply the first equation by 7, and the second by 4.

T3x+4y=11] -—-> 21x+28y =77
45x -Ty=-9] --> 20x-28y=-36

Then we add the two equations together: 21x+ 28y =77
-+ 20x-28y=-36

41x =41

x=1

Then wefindy: 3(1)+4y=11
4y =8
y=2
So our solution of the system is (1, 2).

Solve by elimination:  3x +4y = 11
Sx-T7y=-9

We could also have solved this by eliminating the x's. Then we'd have to
find LCM(3. 5) -- which 1s 15. Since the numbers are the same, we'd have to
subtract the two equations.

53x+4y=11] --—> 15x + 20y = 55

3[5x-Ty=-9] --—> — 15x-2ly=-27
55 -(-27
20 - (-21) 41y =82 -27)
y=2
Then we find x: 3x+4(2)=11
3x+ 8 =11
3x=3
Xx=1

And again, our solution is (1, 2).
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