Integrated 2

Section 3-2 Solving Systems by Substitution

Warm-up:

1. What is the value of y in the equation 2x + 3y =9 when 5 is substituted for x?
Solution: y = -1/2

2. Solve the equation x +y = 6 for x.
Solution: x = & - Yy

3. Replace y in the equation x — 3y = 10 with x + 4. What is the new equation?
Solutlon: x - 2(x + 4) = 10

4. Solve the equation x — 3(x + 4) = 10.
Solution: x - 2x - 12 = 10

2X -12 =10

+12 +12
22X =22
2 2

5. If x =-11, find the value of y in the equation x — 3y = 10.
Solution:  x - Y =10
11 -3y =10

+11 +11
=Y =21
-3 -3

b=

3-2 Solving Systems by Substitution

Methods for solving systems:
1. Graphing - less precise, have to estimate the solution.
2. Substitution
3. Elimination

We solved systems of equations by graphing and had to estimate the solutions. Graphing is less
precise.

The substitution method provides an exact solution to the system of equations.

The substation method is based on the ides that at the place where two lines cross, both x-
coordinates and both y-coordinates must be the same.

Therefore, the point of intersection is the solution to the system of equations.

You can use substitution to transform a system of two equations in two variables into one
equation with one variable.

It doesn’t matter which equation or which variable you pick. There is no right or wrong choice.
The answer will be the same regardless.

But, some choices are better than others.
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The four steps to solving a system of equations by substitution.
1. Solve one of the equations for one of the variables.
2. Use the result from step 1 to substitute for the appropriate variable in the other equation
and solve the resulting equation.
3. Substitute the value found in step 2 into the equation from step 1.
4. Check the results of step 2 and step 3 in both of the original equations.

Example 1: Solve the system of equations by substitution.
y=Tx-1
3y+3=x

Solutlon
Yy=7x-1 <« Equation 1

zy+z=x < Equation 2
Step 1: The first equation has a variable alveady tsolated. Alrendy solved for Y.

Step 2: Substitute #x-1 for Yy in the second equation.
3(% +=2=x

2(Fx-1)+z2=x <—— Sulbstitute #x-1 for Yy and sovle for x
LA —3+3=x

RRAX =X
-—X X
2Q0x=0
X =0

Step =: Finol the value for Yy when x=o0.

Yy=Fx—1 <« Plug 0 in for x and solve for Y. Can use elther equation.
y=70)-1

y=-1

‘Tlﬂe solutton (x, g) s (o, —1).|

Step 4: Check the solution in both of the original equations.
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y=7x-1 «—— Equation 1

-1=7(0)1
A =-1 <—— Equation 1 is true with (0, -1)
BYyt+tz=x < Equation 2

2(—1)+=2=0
—=24+32=0

0=0 <« Equation 2 is true with (0, -1)
Therefore, the ovdleved patr (0, -1) is the solution for the system of equations.

The solution is always written as an ordeved patlr because it is the point of intersection of the
two equations.

Example 2: Solve this system of equations by substitution.
x+2y=1

Sx—4y=-23

Solutlon:
x+2y=1 «——Equation 1

SX—4Yy=-23 (—Equatiowz

Step 1: Solve one equation so o varinble is isolated. The 1 equation is the easiest to
solve. Solve the flrst equation for x.

x+2y=1 <«——Solve for x
2y =Y
X=-2y+1

Step 2: Substitute -2y+1 for x in the second equation.
5(—2g+1)—45 =-023 < Substitute -2yt for x

Solve the new equation for Y-

s5(Ry+1)-4y=-22

-10y +5~4g =23 <——Dlstributive property and combine Like terms.
14y +5 =23

-5 -5
14y = -2
14y 22
TR

gZQ
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Now we weeol to flmnol x.

Step 3: Flnd the value for x when Yy=2. You can use elther of the orlginal equations.

X+2y=1 <——Use the equation from step 1 to find the value of x
x+2(2)=1 «—Plug 2 infor y and solve for x
X+4=1
-4 4
X=-3

‘Tl/le solution (x, g) s (-3, 2) |

Step 4: Check the solution in both of the original equations.

xX+2y=1 «———FEquation 1
=t+4 =1 <« Plug n the ovdered pair (-3, 2)
1=1 «———Equation 1 is true with (-3, 2)

SX—4Yy=-23 «——FEquation 2
5(-2)-4(2)=-23 <«——Plug in the ordered pair (-3, 2)
-15-8=-23

D3 = -23 «——Equation 2 s true with (-3, 2)

Therefore, the ordered patr (-2, 2) is the solutlon for the system of equations.

Example 3: Solve by substitution

r=3q
r=-04q+1.7
Solution
r=32q «——Equation 1

r=—04g+1.7 <«—FEquation?2

Step 1: Both equations are already solved for v.

Step 2: Substitute the value of v from equation 1 tnto equation 2 and solve for 4.
r=—04g+1.7

Bg=—04g+1F <—— Substitute 20 for v in equation 2
to4q +o0.49
249=1.7
349 1.7
24 =4
qg=.5
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Step 2: Substitute g=.5 lnto the equation tn step 1. Can use either of the original
equations.

r=32q

r=3(5) «—Plug n .5 for g and solve for v

r=1.5

[The solution (g, v) is (.5, 1.5) ]

Step 4: Check the results bn both the original equations.

r=2gq «———FEquation 1

1.5 =3(.5) «——Plug in the ordered pair (.5, 1.5)
1.5=1.5 «——Equation 1 is true (.5, 1.5)
r==04g+1% < Equation 2

1.5 =—0.4(5)+1.7 <«——Plug in the ordered pair (.5, 1.5)
1.5 =-2+17

1.5 =15 «——Equation 2 is true (.5, 1.5)

Example 4: Use a system of equations to find the measures of the angles of the triangles.

XO

y° 2x0

Hint: Because the sides arve the same length, the angles opposite
these sides are also equal in weasure.

Solutlon
Step 1: Use Rnown facts about triangles to write two equations.
1. The sum of the measures of the angles in a triangle s 1€0°.
,)<—|-:2)<+5 =180
2. The wensures of the base angles of an isosceles trinngle are equal.
y==x

Step 2: Solve the system of equations by substitution.
XFT22X+Y=180

Y=2x

The second equation is alrendy solved for Y.

Substitute the value of y (=2x) from the second equation tnto the flrst equation and
solve for x.
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/(+:2x+g=180

X+2x+2x=180 «—— Substitute the value for Y from equation 2 nto equation 1 and solve for x.
EX=1K0
5x 180

5 5
X =30

Step =: Finod the value of Y.
Y = 2x

y=2(ze)

Y=72

The solutlon (x, 5) Ls (e, 7:2)'

The wensures of the angles are 3¢, 72, and 72°.|

Example 5: A total of 1096 people attended the concert at the State Fair. Reserved seats cost

$25 and unreserved seats cost $20. If $26,170 was collected, how many of each type of ticket
was sold?

Hint: Use the information to write 2 equations. One equation about number oﬂ:eopLe
(quawtitg) and the second equation about dollar amount.

Solution

Step 1: Write a system of equations. Solve one equation for one variable.
A table may help organize the data

Let v = reserved seats

Let u = unreserved seats

Number of tickets sold | Dollar amount taken tn
Reserved Seats v 257
Unreserved Seats U 20U
Total 1096 26,170
r+ u =109 Nunmber of tickets sold
257 + 20U = 21,170 Dollar amount collected

Solve one of the equations so you have one variable that s isolated.
Easlest to solve the first equation for v
r=-u+ 1096

Step 2: Solve the system of equations by substitution. Substitute the value of v from the
first equation bnto v in the second equation. Solve for u.
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257 +20u = 26,170
25(—u+1096) + 201 = 26,170
—25u+ 27,400+ 201 = 26,170
—5u+2F,400 = 26,170

-2F 400 -2F,400
-5U=-1230
—5u  —1230

-5 -5
U =224

Step 2: Plug u=246 lnto the first equation and solve for v.
¥+ 246 =109¢

246 2406
r= &850

‘Tl/le solution (r, u) of the system ls (850, :24@).|

\Tmre were 250 veserved and 246 wnresenved seats soLd.|

Example 6: Solve by substitution.
Tx+2y=16

—2lx-6y=24

Solution

Step 1: Solve one of the equations for a variable.
Fx+2y=16

—RIX—eYy =24

Solve the first equation for y
Fx+2y=16

—FX X
252-}1/&—1@
2Y_-Fxtie
2 2

—
= e

Step 2: Substitute the value of Yy in step 1 into the second equation.
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—RAX—Gey =24

atreef(-2)ve] =

—RIX+AA X —4L =24
4L =24

The answer Ls nonsense, 48 cannot equal 24. What does the answer mean?
Remenber, a solutlon Ls where the Lines Lntersect. These Lines are parallel and do not
Lntersect. Therefore, no solution.

—:21,/(—65::24
—65::21»<+:24

ﬁ o
7
=——x—4
g=_ "

Solving the second equation for Yy, You see that the equations have the same slope. The
lines ave parallel and will never intersect.

Homework:
Read pg. 129 - 132
Pg. 132 #2,4-7, 8b, 10-14, 17, 18



