
88 CHAPTER 1. THE WHOLE NUMBERS

1.7 Solving Equations by Multiplication and Division

In Section 1.6, we stated that two equations that have the same solutions are
equivalent. Furthermore, we saw that adding the same number to both sides
of an equation produced an equivalent equation. Similarly, subtracting the
same the number from both sides of an equation also produces an equivalent
equation. We can make similar statements for multiplication and division.

Multiplying both Sides of an Equation by the Same Quantity. Mul-
tiplying both sides of an equation by the same quantity does not change the
solution set. That is, if

a = b,

then multiplying both sides of the equation by c produces the equivalent equa-
tion

a · c = b · c,

provided c 6= 0.

A similar statement can be made about division.

Dividing both Sides of an Equation by the Same Quantity. Dividing
both sides of an equation by the same quantity does not change the solution
set. That is, if

a = b,

then dividing both sides of the equation by c produces the equivalent equation

a

c
=

b

c
,

provided c 6= 0.

In Section 1.6, we saw that addition and subtraction were inverse opera-
tions. If you start with a number, add 4 and subtract 4, you are back to the
original number. This concept also works for multiplication and division.

Multiplication and Division as Inverse Operations. Two extremely im-
portant observations:

The inverse of multiplication is division. If we start with a number x and
multiply by a number a, then dividing the result by the number a returns
us to the original number x. In symbols,

a · x

a
= x.

Version: Fall 2010



1.7. SOLVING EQUATIONS BY MULTIPLICATION AND DIVISION 89

The inverse of division is multiplication. If we start with a number x and
divide by a number a, then multiplying the result by the number a returns
us to the original number x. In symbols,

a ·
x

a
= x.

Let’s put these ideas to work.

You Try It!

EXAMPLE 1. Solve the equation 3x = 24 for x. Solve for x: 5x = 120

Solution. To undo the effects of multiplying by 3, we divide both sides of the
equation by 3.

3x = 24 Original equation.

3x

3
=

24

3
Divide both sides of the equation by 3.

x = 8 On the left, dividing by 3 “undoes” the effect

of multiplying by 3 and returns to x. On the right,

24/3 = 8.

Solution. To check, substitute the solution 8 into the original equation.

3x = 24 Original equation.

3(8) = 24 Substitute 8 for x.

24 = 24 Simplify both sides.

That fact that the last line of our check is a true statement guarantees that 8
is a solution of 3x = 24. Answer: 24

�

You Try It!

EXAMPLE 2. Solve the following equation for x. Solve for x: x/2 = 19

x

7
= 12

Solution. To undo the effects of dividing by 7, we multiply both sides of the
equation by 7.
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x

7
= 12 Original equation.

7 ·
x

7
= 7 · 12 Multiply both sides of the equation by 7.

x = 84 On the left, multiplying by 7 “undoes” the effect

of dividing by 7 and returns to x. On the right,

7 · 12 = 84.

Solution. To check, substitute the solution 84 into the original equation.

x

7
= 12 Original equation.

84

7
= 12 Substitute 84 for x.

12 = 12 Simplify both sides.

That fact that the last line of our check is a true statement guarantees that 84
is a solution of x/7 = 12.Answer: 38

�

Word Problems

In Section 1.6 we introduced Requirements for Word Problem Solutions. Those
requirements will be strictly adhered to in this section.

You Try It!

EXAMPLE 3. Fifteen times a certain number is 45. Find the unknown
number.Seven times a certain

number is one hundred five.
Find the unknown number. Solution. In our solution, we will carefully address each step of the Require-

ments for Word Problem Solutions.

1. Set up a Variable Dictionary. We can satisfy this requirement by simply
stating “Let x represent a certain number.”

2. Set up an equation. “Fifteen times a certain number is 45” becomes

15 times
a certain
number

is 45

15 · x = 45
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3. Solve the Equation. To “undo” the multiplication by 15, divide both sides
of the equation by 15.

15x = 45 Original equation. Write 15 · x as 15x

15x

15
=

45

15
Divide both sides of the equation by 15.

x = 3 On the left, dividing by 15 “undoes” the effect

of multiplying by 15 and returns to x. On the right,

45/15 = 3.

4. Answer the Question. The unknown number is 3.

5. Look Back. Does the solution 3 satisfy the words of the original problem?
We were told that “15 times a certain number is 45.” Well, 15 times 3 is
45, so our solution is correct.

Answer: 15

�

You Try It!

EXAMPLE 4. The area of a rectangle is 120 square feet. If the length of the The area of a rectangle is
3,500 square meters. If the
width is 50 meters, find the
length.

rectangle is 12 feet, find the width of the rectangle.

Solution. In our solution, we will carefully address each step of the Require-

ments for Word Problem Solutions.

1. Set up a Variable Dictionary. When geometry is involved, we can create
our variable dictionary by labeling a carefully constructed diagram. With
this thought in mind, we draw a rectangle, then label its length, width,
and area.

Area = 120 ft2 W

12 ft

The figure makes it clear that W represents the width of the rectangle.
The figure also summarizes information needed for the solution.
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2. Set up an equation. We know that the area of a rectangle is found by
multiplying its length and width; in symbols,

A = LW. (1.1)

We’re given the area is A = 120 ft2 and the length is L = 12 ft. Substitute
these numbers into the area formula (1.1) to get

120 = 12W.

3. Solve the Equation. To “undo” the multiplication by 12, divide both sides
of the equation by 12.

120 = 12W Our equation.

120

12
=

12W

12
Divide both sides of the equation by 12.

10 = W On the right, dividing by 12 “undoes” the effect

of multiplying by 12 and returns to W . On the left,

120/12 = 10.

4. Answer the Question. The width is 10 feet.

5. Look Back. Does the found width satisfy the words of the original prob-
lem? We were told that the area is 120 square feet and the length is 12
feet. The area is found by multiplying the length and width, which gives
us 12 feet times 10 feet, or 120 square feet. The answer works!

Answer: 70 meters

�

You Try It!

EXAMPLE 5. A class of 23 students averaged 76 points on an exam.HowA class of 30 students
averaged 75 points on an
exam. How many total
points were accumulated by
the class as a whole?

many total points were accumulated by the class as a whole?

Solution. In our solution, we will carefully address each step of the Require-

ments for Word Problem Solutions.

1. Set up a Variable Dictionary. We can set up our variable dictionary
by simply stating “Let T represent the total points accumulated by the
class.”

2. Set up an equation. To find the average score on the exam, take the total
points accumulated by the class, then divide by the number of students
in the class. In words and symbols,
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Total
Points

divided by
Number of
Students

equals
Average
Score

T ÷ 23 = 76

An equivalent representation is

T

23
= 76.

3. Solve the Equation. To “undo” the division by 23, multiply both sides of
the equation by 23.

T

23
= 76 Our equation.

23 ·
T

23
= 76 · 23 Multiply both sides of the equation by 23.

T = 1748 On the left, multiplying by 23 “undoes” the effect

of dividing by 23 and returns to T . On the right,

76 · 23 = 1748.

4. Answer the Question. The total points accumulated by the class on the
exam is 1,748.

5. Look Back. Does the solution 1,748 satisfy the words of the original
problem? To find the average on the exam, divide the total points 1,748
by 23, the number of students in the class. Note that this gives an average
score of 1748÷ 23 = 76. The answer works!

Answer: 2,250

�
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§ § § Exercises § § §

In Exercises 1-12, which of the numbers following the given equation are solutions of the given equation?

1.
x

6
= 4; 24, 25, 27, 31

2.
x

7
= 6; 49, 42, 43, 45

3.
x

2
= 3; 6, 9, 13, 7

4.
x

9
= 5; 45, 46, 48, 52

5. 5x = 10; 9, 2, 3, 5

6. 4x = 36; 12, 16, 9, 10

7. 5x = 25; 5, 6, 8, 12

8. 3x = 3; 1, 8, 4, 2

9. 2x = 2; 4, 8, 1, 2

10. 3x = 6; 2, 9, 5, 3

11.
x

8
= 7; 57, 59, 63, 56

12.
x

3
= 7; 24, 21, 28, 22

In Exercises 13-36, solve the given equation for x.

13.
x

6
= 7

14.
x

8
= 6

15. 2x = 16

16. 2x = 10

17. 2x = 18

18. 2x = 0

19. 4x = 24

20. 2x = 4

21.
x

4
= 9

22.
x

5
= 6

23. 5x = 5

24. 3x = 15

25. 5x = 30

26. 4x = 28

27.
x

3
= 4

28.
x

9
= 4

29.
x

8
= 9

30.
x

8
= 2

31.
x

7
= 8

32.
x

4
= 6

33. 2x = 8

34. 3x = 9

35.
x

8
= 5

36.
x

5
= 4
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37. The price of one bookcase is $370. A char-
itable organization purchases an unknown
number of bookcases and the total price of
the purchase is $4,810. Find the number
of bookcases purchased.

38. The price of one computer is $330. A char-
itable organization purchases an unknown
number of computers and the total price
of the purchase is $3,300. Find the num-
ber of computers purchased.

39. When an unknown number is divided by
3, the result is 2. Find the unknown num-
ber.

40. When an unknown number is divided by
8, the result is 3. Find the unknown num-
ber.

41. A class of 29 students averaged 80 points
on an exam. How many total points were
accumulated by the class as a whole?

42. A class of 44 students averaged 87 points
on an exam. How many total points were
accumulated by the class as a whole?

43. When an unknown number is divided by
9, the result is 5. Find the unknown num-
ber.

44. When an unknown number is divided by
9, the result is 2. Find the unknown num-
ber.

45. The area of a rectangle is 16 square cm.
If the length of the rectangle is 2 cm, find
the width of the rectangle.

46. The area of a rectangle is 77 square ft. If
the length of the rectangle is 7 ft, find the
width of the rectangle.

47. The area of a rectangle is 56 square cm.
If the length of the rectangle is 8 cm, find
the width of the rectangle.

48. The area of a rectangle is 55 square cm.
If the length of the rectangle is 5 cm, find
the width of the rectangle.

49. The price of one stereo is $430. A chari-
table organization purchases an unknown
number of stereos and the total price of
the purchase is $6,020. Find the number
of stereos purchased.

50. The price of one computer is $490. A char-
itable organization purchases an unknown
number of computers and the total price
of the purchase is $5,880. Find the num-
ber of computers purchased.

51. A class of 35 students averaged 74 points
on an exam. How many total points were
accumulated by the class as a whole?

52. A class of 44 students averaged 88 points
on an exam. How many total points were
accumulated by the class as a whole?

53. 5 times an unknown number is 20. Find
the unknown number.

54. 5 times an unknown number is 35. Find
the unknown number.

55. 3 times an unknown number is 21. Find
the unknown number.

56. 2 times an unknown number is 10. Find
the unknown number.
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§ § § Answers § § §

1. 24

3. 6

5. 2

7. 5

9. 1

11. 56

13. 42

15. 8

17. 9

19. 6

21. 36

23. 1

25. 6

27. 12

29. 72

31. 56

33. 4

35. 40

37. 13

39. 6

41. 2,320

43. 45

45. 8 cm

47. 7 cm

49. 14

51. 2,590

53. 4

55. 7
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