Pre-Class Problems 17 for Monday, April 2

Earn one bonus point because you checked the Pre-Class problems. Send me an
email with PC17 in the Subject line.

These are the type of problems that you will be working on in class.

You can go to the solution for each problem by clicking on the problem letter
or number.

Since any exponential function is one-to-one, then b" = b" ifand only if u = v.

1.  Solve the following exponential equations.

a. 3* =81 b. 5' =25 c. 2¥ 1 =232
3 1 1
4% = — 16" = 64 B
d 16 © f 27
2 3
. 6" =12 .5 =< L7 =
g h 3 [ p
j. 85—2X — 65 k 37X+4 — 49 I 23X—8 — 62X+9
m e*—-2e*-24=0 n. 9%+ 16 = 10(3%) 0. e *=5¢"

2.  Determine how long it will take an investment to double in value at an
interest rate of 4% if compounded

a. yearly b. quarterly c. monthly d. continuously

3.  Determine how long it will take an investment to double in value at an
interest rate of 10% compounded continuously.


mailto:jim.anderson@utoledo.edu

Solve the following system of equations by using the substitution method.

4x +y =-17 3x + 8y = 24
& 3x + 5y = 16 0.y 16y = —6

X+ 2 =8y S5y =2x - 30
C. 3(x —9) +10y =1 d -6x+y=28

2(x +y) =11 — 14x X =2y -5
© y+8x=15 L6y —3x=15

Solve the following system of equations by using the addition method.

4x +y =17 3Xx + 8y =24
& 3Xx + 5y =16 b. X —16y = -6

4x + 3y =10 8x + 3y = -16
¢ _5x+6y=-32 d oy _ 5y =19

8x — 6y =-3 -12x + 2y =5
© Bx 4+ 4y=-9 foex—y=o9

How many liters of a 6% salt solution and how many liter of a 25% salt
solution are needed to make 38 liters of a 20% salt solution?

Solve the following system of equations.

X -3y —2z=-1 5Xx + 4y — 3z = -36
a. 3Xx + y +5z =32 b. 3Xx =2y +7z=-15
—4xXx + 6y — z =-29 —-2X -6y +9z =21



2 X - 7z= 19 2X + 3y —5z2=-9
C. 3y + z= 9 d 6x-9y+7z=
4x — 5y = —-24 4x -3y + 7z =-2

3x — 5y + 7z =-11
e. 9x — 14y + 27z = - 30
—-12x + 23y - 10z = 57

Problems available in the textbook: Page 462 ... 5 — 34,61 — 70 and Examples 1 —
5 starting on page 453. Problems available in the textbook: Page 501 ... 7 —10, 15
— 34, 37 - 66 and Examples 1 — 8 starting on page 492. Page 514 ... 5 —-44 and
Examples 1 — 7 starting on page 506.

SOLUTIONS:

la. 3 =81 Back to Problem 1.

Using the one-to-one property: 3* =81 = 3* =3 = x =4

Using logarithms base 3: 3 =81 = log,3" = log,81 =
Xlog,3 =10og,;81 = x =1log,81 =4

NOTE: log,3 =1

Using natural logarithms: 3* =81 = In3* =In81 = xIh3=In8l1 =

_In81

=3 = X 4 (using a calculator)



1b.

1c.

In81 In3* 4In3 _

- . = — - 4
Without a calculator: In 3 In 3 In 3

Answer: X = 4

5-' =25 Back to Problem 1.

2

Using the one-to-one property: 5' =25 = 5" =5 = -t =2 =

t=-2

Using logarithms base 5: 5" =25 = log ;5" = log;25 =
—tlog;5=109.25 = -t=2=>t=-2

NOTE: log.5 =1 and log;25 = 2

Using natural logarithms: 5 =25 = In5"'=Ih25 =

In 25
In5

~tln5=I25 = t=- = t = -2 (using a calculator)

In25 In5° _2In5 _,

Without a calculator: = === = = = -5 =

Answer: t =-2

23 -1 — 32 Back to Problem 1.



1d.

Using the one-to-one property: 2% " =32 = 2% "% =2° =

3x—11:5:>3x:16:>x:%

Using logarithms base 2: 2% "' =32 = log,2* ™ =log,32 =

16
(3x —11)log,2 =l0og,32 = 3x - 11 =5 = 3x =16 = XZ?

NOTE: log,2 =1

Using natural logarithms: 2% * =32 = In2¥* "% =32 =

(83x —=11)IN2=IN32 = 3xIn2-11h2=In32 =

INn32 +11In2 In 32(2") B E
3In2 In 8 3

3xInN2=In32 +11In2 = X =

(using a calculator)

With cularoy: M32(20) _ n2°(2%) _In2® 162 _ 16
Ithout a calculator: In8 In 2° E 3N 2 2

16
Answer: X = 3

4% — — Back to Problem 1.



s 1 '
Using the one-to-one property: 4" = 16 = 4° =477 = X

x=y-2 =-42

i ) N 1 3 1
Using logarithms base 4: 4~ = 16 = log,4" = |094E =

1
x°log,4 = Iog4E = x*=-2=x=3-2=-32

1
NOTE: log,4 =1 and I094E = -2

i:> In 4*° :Ini =
16

Using natural logarithms: 4

In =
x*N4 == = x*= I 16 x3- -2 = x =32
n
1
InE
NOTE: =~ = — 2 (using a calculator)
| 1
Witk culntor "6 N4 -2m4
ithout a calculator: --= N2 2

Answer: X = —?;/?



le.

1f.

16" = 64

Back to Problem 1.

Using the one-to-one property: 16' = 64 = (4%)' =4° = 4% = 4° =

2t = 3 :>t:§
2

Using logarithms base 4: 16' = 64 = log,16' = log,64 =

tlog,16=1log,64 = 2t =3 =t

NOTE: log,16 = 2 and log,64 = 3

Using natural logarithms: 16' = 64 = In16' = In64 =

tin16 = In 64 t = In 64 -3 ' lcul

n16 = In = In 16 5 (using a calculator)

With culator- In64 In4® 3In4 3
ithout a calculator: | == =172 =577 = 3

3
Answer: U = >

1

9X+4 - =

27

Using the one-to-one property: 9" * =

27

Back to Problem 1.

— (32)X+4 — 3—3 —



320+ = 373 :>2(x+4)=—3:>2x+8=—3:>><=—1—2l

X + 4

Using logarithms base 3: 9 —i:>Iog9“4—Iogi:>
sing logarithms base 3: 7 3 357

1
(x+4)|og39:Iog3E:> 2(x+4)=-3 = 2x+8=-3 =

_ U
2

1
NOTE: log,9 = 2 and |Og3§ =-3

1 1
i ' 9 2 — >IN =In= =
Using natural logarithms: 7 7

1
(x+4)|n9=|nE = xIn9 +4In9 =-1In27 =

XIN9 +4n9=-In27 = xIn9=-In27 —4n9 =

~IN27 +4In9  In27 + In9* In27(9%) 11
In 9 In 9 In 9

=T (using a

calculator)

NOTE: Inz—l7 =In27'=-1-In27 = - In 27

With lculator: In 27(9%) _In 3°(3%) _n 34 _Un3 11
Ithout a calculator: Ino In 32 In 32 TE 5




1g.

11

Answer: X = _?

6 =12 Back to Problem 1.

Using natural logarithms: 6* =12 = In6* =In12 =

In 12

— X = ——
XIn6 =Inl1l2 = In6

In 12

NOTE: X = ng - 1.38685 and 6%%%°%° ~ 11.99994

Using logarithms base 6: 6* =12 = logs6* = log 12 =
Xlog,6 =logs12 = x =logs12 NOTE: log,6 =1

Since your calculator does not have logarithm base 6 key, you would have to
do a change of bases to obtain an approximation for log;12. Since your

calculator has a natural logarithm key| LN|, then we obtain that log,12 =

IN12 " ing the change of base formula th og,u = et h
ine using the change of base formula that b log b’ where
u=12,b=6, and a =-e. Or, Since your calculator has a common
log 12
logarithm key |LOG |, then we obtain that log,12 = Igg6 using the
log , u
change of base formula that log, u = log . Where u = 12, b = 6, and

a =10,



1h.

In 12
NOTE: X =
In 6

~ 1.38685 gnd 6'°%°% ~ 11.99994

In12

- X = — =
Answer: ne °F % log 12

- 2
5 = 3 Back to Problem 1.

2 2 2
Using natural logarithms: 5' = 3 = 5' = In 3 = ths=hz =

2
In =
t=—3
In5
In 2
NOTE: t = s S 0.25193 and 5 °*™*°~ 0.666666277

2 2
Using logarithms base 5: 5' = 3 = log,5' = |095§ =

2 2
tlog.5 = Iogsg = t = Iogsg NOTE: log.5 =1

Since your calculator does not have logarithm base 5 key, you would have to

2
do a change of bases to obtain an approximation for |095§. Since your

2
calculator has a natural logarithm key| LN |, then we obtain that |095§ =




1i.

In = log , u

—= using the change of base formula that 109,U =

a

—Iog b where

2
u = 3’ b=5, and a=e. Or Since your calculator has a common

9 Iog%
logarithm key | LOG | , then we obtain that |0Q§ = o using the
log, u 2
change of base formula that log, u = —Iog b where U = 3’ b =5, and
a =10,
In 2

A -t = _g t = IO E

nswer: ns o '= 9s 3

3
7" = 2 Back to Problem 1.

i ) x 3 s 3
Using natural logarithms: 7" = 1 In 77" = In 7>

‘.hoo

—xln7:In§:>x:—
4

=1
\l

3
In =
NOTE: X = —ﬁ ~ 0.14784 and 7 %47 ~ 0.749999037

3
InZ 3
- X = - —= X = —log,—
Answer: In 7 or 974



1k.

8° % =65 Back to Problem 1.

Using natural logarithms: 8°~* =65 = In8°"?* =In65 =

5-2x)IN8=In65 = 5In8 — 2xIn8 =In65 =

85
5IN8 — In 65 — 2xIng — x = N8 -In65 _ " 65
ne—Mbo=2sxine = 2In 8 In 64
85
In —
NOTE: X = ﬁ ~ 149627 5 — 2x ~ 2.00746, and 82°°™* ~ 65.00055
Dy = 5In8 — In 65
ANnswer: oIn 8
374 = 49 Back to Problem 1.

Using natural logarithms: 3™*** =49 = In3™"* =In 49 =

(7X +4)In3=In49 = 7xIn3 +4n3 =In49 =

49
7xIN3 = 49 — 4In3 — x — N49 = 4in3 _ " 81
o =Mas—ahs = 7In 3 In 2187

NOTE: 4n3=In3*=1In8land 7In3 = In 3" = In 2187



1l

Im.

49
In —

NOTE: X = ——SL  ~ —0.065359 7x + 4 ~ 3.542487, and
In 2187

3354247~ 48.99997

In49 — 4In 3
7In 3

Answer: X =

23%x-8 — g2x+9 Back to Problem 1.

Using natural logarithms: 2% 7% = 62*° = In2¥*"% =In6**° =
Bx=8)In2=2x+9)In6 = 3xIn2 —-8In2 =2xIn6 + 9In6 =

3xIn2 —2xIn6 =9In6 +8In2 = x(3In2 - 2In6) =9In6 + 8In2 =

X_9In6+8ln2
" 3In2 - 2In6

Dy = 9In 6 + 8In 2
Answer: X = S 2n 6
e —2e*-24=0 Back to Problem 1.

This equation is quadratic in the expression e*. Let a =e*. Then
a’= (e*)?=e*. Thus,

e -2 -24=0=>a’-2a-24=0= (a+4)(a-6)=0 =

(e*+4)(e"-6)=0 = e*"+4=0,e"-6=0



1n.

e+ 4 =0 = e*= -4, Since e* > 0 for all x, then this equation has no
solution.

e -6 =0=¢e"=6 = Ine"=InN6 = xlne=In6 = x=1In6

Answer: X =1In6

9% + 16 = 10(3%) Back to Problem 1.

9* + 16 = 10(3*) = (32)* + 16 = 10(3*) = 3% + 16 = 10(3*) =

32— 10(3*) + 16 = 0

This equation is quadratic in the expression 3*. Let a =3". Then
a’=(3")%= 3%, Thus,

32 -10(3") +16 =0 = a’-10a +16=0 = (a-2)(a—-8) =0 =

(3*-2)(3*-8) =0 = 3*-2=0,3-8=0

3X—2:0:>3X:2:>In3":|n2:>xln3:ln2:>x:||n—§
n
X X X In8
3"-8=0 => 3"=8 = In3 :In8:>xln3:In8:>X:ﬁ

n

In2 In8

Answer: X = 3 n3 °oF X= log,2, log,8



1o.

2a.

e % =5e! Back to Problem 1.

This equation is quadratic in the expression e".

a’= (e ")’ =e?. Thus,

Let a=¢e"'. Then

e ?=5e¢e"' => a’=5a => a°-5a=0 = a(a-5 =0 =

e'(e'-5)=0=¢e'=0,e'-5=0

t

Since e~ > 0 for all t, then the equation e~* = 0 has no solution.

-t t

e'—-5=0=¢e'=5 = Ilhe'=In5 = —-the=1In5 =
—t=Ih5 =>t=-In5
Answer: t =-1In5
r nt
A = P(l + Hj Back to Problem 2.

A=2P, r=4%=004 n=1

P\ 0.04 \"
A:P(l-i_ﬁj :}2P=P(1+Tj:>2=(1+004)t:>

2 = (L04) = In2=In(1.04)"' = In2 = tIn (1L.04) =



2b.

f=_ N2 1767299

In1.04

0.67299 year = 0.67299-12 = 8.07588 months

Thus, it will take approximately 17 years and 8 months for the investment to
double in value if the interest is compounded yearly at a rate of 4%.

Answer: 17 years and 8 months

nt
r
A = P(l + Hj Back to Problem 2.

A=2P, r=4%=004, n=4

P\ 0.04\"
A:P(1+Hj :>2P=P(l+'Tj = 2=(1+00)"=

2 = (1.0)* = In2 = In (LO1)* = In 2 = 4tIn (1.01) =

In 2

= ~ 17.41518
4In1.01

0.41518 year = 0.41518 -12 ~ 4.98216 months

Thus, it will take approximately 17 years and 5 months for the investment to
double in value if the interest is compounded quarterly at a rate of 4%.



Answer: 17 years and 5 months

nt
.
2c. A= P(l + ﬁj Back to Problem 2.

A=2P, r=4%=004 n=12

nt 12t 12t
A=pl1+") S opop[14+994) o [1,.004)
12 12

12t 12t 12t
2:(1+0'—01] :2:(%j :InZ:In(%m) =

In 2
In 2 = 12tIn (—): t = 301 ~ 17.35754
3 12In('j

0.35754 year = 0.35754-12 =~ 4.29048 months

Thus, it will take approximately 17 years and 4 months for the investment to
double in value if the interest is compounded monthly at a rate of 4%.

Answer: 17 years and 4 months

2d. A = Pe" Back to Problem 2.

A=2P, r=4% = 0.04



A=Pe" = 2P=Pe’™ = 2=¢e""" =2 IN2=Me*™ =

4 1
In2 =0.04tlne = In2 = 0.04t = 100 o5

t=25In2 = 1In2* ~ 17.32868
0.32868 year = 0.32868 -12 ~ 3.94416 months

Thus, it will take approximately 17 years and 4 months for the investment to
double in value if the interest is compounded continuously at a rate of 4%.

Answer: 17 years and 4 months
A= Pe" Back to Problem 3.
A=2P, r=10% = 0.1

A=Pe" = 2P=Pe®™ = 2=e"" = IN2=Ie*" =
1
In2 = 0.1tlne = In2 = 0.1t = |n2=Et:>

t=10In2 = In 2" ~ 6.931472

0.931472 year = 0.931472-12 ~ 11.17766 months



4a.

4b.

Thus, it will take approximately 6 years and 11 months for the investment to
double in value if the interest is compounded continuously at a rate of 10%.

Answer: 6 years and 11 months

AX +y =—-171
3x + 5y = 16 Back to Problem 4.
Use the first equation of 4x + y = — 7 to solve for y in terms of x:

4Xx + y=—71 = y=—-4x -7

Now, replace the y variable in the second equation of 3x + 5y = 16 by the
expression —4x — 7 and then solve for x:

3X +5y =16 = 3x +5(—-4x —-7) =16 = 3x —20x — 35 =16 =
—-1/7x-35=16 = -1/x =51 = x = -3
Now, use the equation y = —4x — 7 to find the value of y when x = —3:

y=—-4x -7, X=-3=>y=-4(-3)-7=12-7=5

Answer: (-3, 5)

NOTE: Geometrically, if you graph the two lines in the system of equations,
the lines will intersect at the point (-3, 5).

3Xx + 8y =24
x —16y = — 6 Back to Problem 4.



4c.

Use the second equation of X — 16y = — 6 to solve for x in terms of y:
X —16y = -6 = x =16y — 6

Now, replace the x variable in the first equation of 3x + 8y = 24 by the
expression 16y — 6 and then solve for y:

3X + 8y = 24 = 3(16y — 6) + 8y = 24 = 48y — 18 + 8y = 24 =

56y — 18 — 24 — 56y — 42 — y= 22 2L _3
y T et = 0y = ae = 56 28 4

Now, use the equation x = 16y — 6 to find the value of x when Y = R

x:16y_6,y:%:>X:16(%j—6:12—6:6

3

- |6, =
Answer.( 4j

NOTE: Geometrically, if you graph the two lines in the system of equations,

3

the lines will intersect at the point (6, Z)'

X + 2 =8y

3(x —9) + 10y =1 Back to Problem 4.

Simplifying the second equation, we obtain the equation 3x + 10y = 28:

3(x - 9) +10y =1 = 3x — 27 + 10y =1 = 3x + 10y = 28



4d.

Use the first equation of X + 2 = 8y to solve for x in terms of y:
X+2=8y = x=8y -2

Now, replace the x variable in the simplified second equation of
3x + 10y = 28 by the expression X = 8y — 2 and then solve for y:

3x +10y =28 = 3(8y — 2) +10y =28 = 24y — 6 + 10y = 28 =
34y —6=28 =34y =34 = y=1
Now, use the equation x = 8y — 2 to find the value of x when y = 1:

X=8y-2,y=1=x=81)-2=8-2=6

Answer: (6, 1)
NOTE: Geometrically, if you graph the two lines in the system of equations,

the lines will intersect at the point (6, 1).

5y = 2x — 30

—6Xx+y =8 Back to Problem 4.

Use the second equation of —6x + y = 8 to solve fory in terms of x:
—6X+Yy=8 = y=6x+38

Now, replace the y variable in the first equation of 5y = 2x — 30 by the
expression 6x + 8 and then solve for x:

5y = 2x — 30 = 5(6X + 8) = 2x — 30 = 30X + 40 = 2x — 30 =

28X = —70 = x=-0__10__5
B = 28 4 2



4e.

3)
Now, use the equation y = 6x + 8 to find the value of y when X = — 5

y:6x+8’X:—g:> y:6(—gj+8:—15+8=—7

5
Answer: (_E’ —7)

NOTE: Geometrically, if you graph the two lines in the system of equations,

3)
the lines will intersect at the point (— P 7).

2(x +y) =11 — 14x

y + 8x =15 Back to Problem 4.

Simplifying the first equation, we obtain the equation 16x + 2y = 11:

2(x +y)=11-14x = 2x + 2y =11 —14x = 16x + 2y =11

Use the second equation of y + 8x = 15 to solve for y in terms of x:
y +8x =15 = y =15 — 8X

Now, replace the y variable in the simplified first equation of 16x + 2y =11
by the expression 15 — 8x and then solve for x:

16x + 2y =11 = 16x + 2(15 — 8x) =11 = 16x + 30 — 16x =11 =

30 = 11. This is a false equation. Thus, the system of equations does not
have a solution.



4f.

Answer: No solution

NOTE: Geometrically, the two lines in the system of equations are parallel.
Thus, the line will not intersect.

X =2y -5

6y — 3x = 15 Back to Problem 4.

NOTE: In the first equation, the x variable is already solved in terms of y:
X=2y —5

Replace the x variable in the second equation of 6y — 3x = 15 by the
expression 2y — 5 and then solve for y:

6y —3x =15 = 6y — 3(2y - 5) =15 = 6y -6y +15=15 =

15 =15. This is a true equation. Thus, solution to the system of equations is
1
every pointontheline x =2y —5or Yy = EX + 5

NOTE: The two equations in the system of equations represent the same
line. If you solve both equations for y, you will obtain the equation

L.
2 2°

1 5
Answer: Every pointonthe line ¥ = EX + 5
NOTE: Geometrically, the two lines in the system of equations are the same.

NOTE: We may also write the solution to this system of equations in the
following way. Since X = 2y — 5,thenlet y = t, where t represents any



5a.

5b.

real number. Then X = 2y — 5 = 2t — 5. Then the solution to this system
of equations may be written as the set {(2t — 5, t) : tis any real number}.

4x + y = -1

3x + 5y = 16 Back to Problem 5.

Multiply both sides of the first equation by — 5 and then add both sides of the
equations.

A . —-20x — 5y = 35
XY=l 3x + 5y =16
3X + 5y =16
- 17x =51 = x=-3
Now, use the first equation to find the value of y when x = — 3:

4x + y=—-71 = -12+y=-7 =y =5

Answer: (-3, 5)

NOTE: This is the same system of equations that we solve in Problem 4a
above.

3Xx + 8y = 24

x — 16y = — 6 Back to Problem 5.

Multiply both sides of the second equation by — 3 and then add both sides of
the equations.

3x + 8y =24
— —3X + 48y =18 5o o1 3
6y=42 = y=—=—=—
56 28 4

3X + 8y = 24
X — 16y = -6




5c.

Now, use the second equation to find the value of x when Yy = E

x—16y:—6:>x—16(§):—6:>x—12:—6:>x:6

sosver: (.
nswer: ' 2

NOTE: This is the same system of equations that we solve in Problem 4b
above.

4x + 3y =10

_5X + By = — 32 Back to Problem 5.

Multiply both sides of the first equation by — 2 and then add both sides of the
equations.

-8x -6y =-20
— —O9X + 6y =-32
—13x =-592 = x=4

4x + 3y =10
—-5X + 6y =-32

Now, use the first equation to find the value of y when x = 4

4x +3y =10, x=4=16+3y =10 =2 3y=—-6 = y=-2

Answer: (4, —2)

NOTE: Geometrically, if you graph the two lines in the system of equations,
the lines will intersect at the point (4, —2).



5d.

Se.

8x + 3y = —16

2X — 5y =19 Back to Problem 5.

Multiply both sides of the second equation by — 4 and then add both sides of
the equations.

8x + 3y =-16
— —8x+ 20y =-76
23y =-92 = y=-4

8x + 3y = -16
2x — 5y =19

Now, use the second equation to find the value of x when y = — 4

2Xx -5y =19, y=-4 = 2x+20=19 = 2x=-1 = X = -~

1
Answer: [_5’ —4j

NOTE: Geometrically, if you graph the two lines in the system of equations,

1
the lines will intersect at the point (— 50" 4).

8x —6y =-3

5x + 4y = — 9 Back to Problem 5.

Multiply both sides of the first equation by 2 and multiply the second
equation by 3 and then add both sides of the equations.

16x — 12y = -6

8x — 6y = -3 _ 15x +12y = - 27
5X + 4y = -9

31x = _33 = x =--%



5f.

Multiply the first equation by — 5 and multiply the second equation by 8 and
then add both sides of the equations.

—40x + 30y = 15

8x -0y ==3 _ 40x+32y=-72
5x + 4y = -9

57
62y = - 57 = = — —
y y 62

anewer [~ 3357

nswer: 31 62
NOTE: Geometrically, if you graph the two lines in the system of equations,
33 57 j

the lines will intersect at the point (— ' &

-12x + 2y =5

6Xx — y =9 Back to Problem 5.

Multiply both sides of the second equation by 2 and then add both sides of
the equations.

1 5 c —-12x + 2y =5
TR Y =S 9x - 2y = 18

6Xx —y =9
0 =23

0 = 23isa false equation. Thus, the system of equations doesn’t have a
solution.
Answer: No solution

NOTE: You can show that the two lines in this system of equations are
parallel. Thus, they don’t intersect.



Back to Problem 6.

Solution Amount of Percent of Salt | Amount of Salt
Solution

6% Salt X 6% = 0.06 0.06 x

25% Salt y 25% = 0.25 0.25y

20% Salt 38 20% = 0.2 0.2(38)=7.6

We obtain the following equations: X + y = 38 and 0.06x + 0.25y = 7.6,

Thus, we need to solve the following system of equations:

X+ Yy =38
0.06x + 0.25y = 7.6

We can simplify the second equation by multiplying both sides of the
equation by 100:

0.06x + 0.25y = 7.6 = 6X + 25y = 760

Use the first equation of X + y = 38 to solve for x in terms of y:
X+y=38 =>x=38-Y

Now, replace the x variable in the simplified second equation of
6x + 25y = 760 by the expression 38 — y and then solve for y:

6X + 25y = 760 = 6(38 — y) + 25y = 760 =
228 — 6y + 25y = 760 => 228 + 19y = 760 = 19y = 532 =

y =28



Ta.

Now, use the equation x = 38 — Yy to find the value of x when y = 28:

X=38-y,y=28 x=38-28=10

Answer: Amount of 6% salt solution: 10 liters

Amount of 25% salt solution: 28 liters

X -3y —2z=-1
3x + y +5z2 =232 Back to Problem 7.
-4xXx + 6y - z=-29

Multiply the first equation by — 3 and add this new equation to the second
equation:

-3X+9y + 62 =3
3X+ Yy +5z =32
10y + 11z = 35

X -3y —-2z=-1
3X+ Yy +5z=32 =

X -3y —2z=-1
3X + Yy + 5z =32
—-4x + 6y - z=-29

Now, multiply the first equation by 4 and add this new equation to the third
equation:

4x -12y — 8z = -4
— —4x+6y - z=-29
-6y -92=-33 = 2y +3z =11

X -3y —-2z=-1
—4xXx + 6y - z2=-29




7b.

10y + 11z = 35

Now, solve this new system of equations: oy + 37 =11

Multiply the second equation by —5 and then add both sides of the
equations:

10y + 11z = 35
— —10y - 15z = - 55
-4z =-20 = z=5

10y + 11z = 35
2y + 3z =11

Now, use the second equation in the new system of equations to find the
value of y when z = 5:

2y +32=11,2=5 = 2y +15=11 = 2y =-4 = y =-2
Now, use the first equation in the original system of equations to find the
valueof xwhen y = -2 and z = 5:
X-3y—-2z2=-1y=-2,2=5=x+6-10=-1=

X—4=-1=x=3

Answer: (3, —2,5)

NOTE: Geometrically, if you graph the three planes in the system of
equations, the planes will intersect at the point (3, — 2, 5).

5x + 4y — 3z = -36

3X =2y + 7z =-15 Back to Problem 7.
—-2X -6y +9z =21



Multiply the second equation by 2 and add this new equation to the first
equation:

5X + 4y — 3z = —-36
SX + 4y - 3z.=-30 6x — 4y + 147 = — 30

j—
3X =2y + 7z = -15
y 11x + 11z =-66 = X +72=-6

5x + 4y — 3z = - 36
3X -2y + 7z =-15
-2X -6y +9z =21

Now, multiply the second equation by — 3 and add this new equation to the
third equation:

—-9X + 6y — 21z = 45
3x -2y + 7z =-15 L —2x—6y+ 9z =21
-2Xx -6y +9z=21

—11x — 127 = 66

X+ z7=-6
Now, solve this new system of equations: 11x — 127 = 66

Multiply the first equation by 11 and then add both sides of the equations:

11x + 11z = — 66

Xt o2=-0 122 66
—11x — 12z = 66
-7 = 0= z=0




Now, use the first equation in the new system of equations to find the value
of xwhen z = 0:

X+2=-6,2=0=x+0=-6 = x=-6

Now, use the second equation in the original system of equations to find the
value of ywhen x = —6and z = 0:

3X -2y +7z2=-15x=-6,2=0=-18-2y+0=-15 =

~18 -2y =-15 = —2y =3 = y:_g

3
Answer: (—6, o 0)

NOTE: Geometrically, if you graph the three planes in the system of

3
equations, the planes will intersect at the point (— 6, — > 0).

2X - 7z= 19
7c. 3y + z= 9 Back to Problem 7.
4x — 5y =-24

Multiply the second equation by 7 and add this new equation to the first
equation:
2 X - 7z2=19
21y + 7z = 63
2x + 21y = 82

2X - 72=19

3y + z=9




7d.

Notice that the third equation in the system of equations is 4x — 5y = — 24,

_ _ 2X + 21y = 82
Now, solve this new system of equations: Ax — 5y = —24

Multiply the first equation by — 2 and then add both sides of the equations:

—4x — 42y = —-164
— 4x - 5y=-24
—47y =-188 = y =4

2x + 21y = 82
4x — by =-24

Now, use the second equation in the new system of equations to find the
value of xwhen y = 4:

4x —5y=-24 y=4 =2 4x -20=-24 = 4x =-4 = x=-1
Now, use the second equation in the original system of equations to find the
value of zwhen y = 4:

3y +z2=9y=4=12+72=9 = z=-3

Answer: (-1, 4, —3)

NOTE: Geometrically, if you graph the three planes in the system of
equations, the planes will intersect at the point (-1, 4, —3).

2X + 3y —5z=-9

6x -9y +7z= 5 Back to Problem 7.
4X =3y + 7z =-2



Multiply the third equation by 5 and add this new equation to the first
equation:

2x + 3y —5z2=-9

2X+ 3y =52="9 " 20x — 15y + 5z = 10
4X -3y + 7z =-2
22x — 12y = -19

2X + 3y —52=-9
6X -9y +7z= 5
4X -3y + 72 =-2

Now, multiply the third equation by — 7 and add this new equation to the
second equation:

6Xx — 9y +7z= 5
OX =9y +72="5 285421y - 7z=14

4 -3y + 72 =-2
—-22x + 12y =19

| _ 22x — 12y = —19
Now, solve this new system of equations: 22x + 12y = 19

Notice that if you multiply the first equation by —1, you will obtain the
second equation in this new system. These two equations are the same

equation.

Let y = t, where tis any real number. Now, use the first equation in the new
system of equations to find the value of x when y = t:

22X —12y =—19, y =t = 22x — 12t = —19 = 22x =12t — 19 =



Te.
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22 11 22

Now, use the third equation in the original system of equations to find the

I fzwh X—Et—g dy=t:
value of z when 1 7 and y = t:
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is any real number

3x — 5y + 7z =-11
9x — 14y + 27z = - 30

Back to Problem 7.
-12x + 23y — 10z = 57

Multiply the first equation by — 3 and add this new equation to the second
equation:

-9x + 15y — 21z = 33

Sx = Sy + 7z=-11 9x — 14y + 27z = - 30

O9x — 14y + 27z = -30 =

y + 6z=3



3x — 5y + 7z =-11
9x — 14y + 27z = - 30
-12x + 23y — 10z = 57

Now, multiply the first equation by 4 and add this new equation to the third
equation:

12x — 20y + 28z = - 44
— —12x + 23y - 10z = 57
3y + 18z =13

3Xx — S5y + 7z =-11
—-12x + 23y — 10z = 57

| _ y+ 6z =3
Now, solve this new system of equations: 3y + 187 = 13

Multiply the first equation by — 3 and then add both sides of the equations:

-3y - 18z = -9
y+ 6z=3" " 3y,187= 13
3y + 18z =13 0- 4

The equation 0 = 4 is a false equation. This means that this new system of
equation in variables of y and z does not have a solution. This then means
that the original system of equations also does not have a solution.

Answer: No Solution



