7.3

Metric Units of Weight and Volume
7.3

OBJECTIVES
1.
2.
3.
4.

Use appropriate metric units of weight
Convert metric units of weight
Estimate metric units of volume
Convert metric units of volume

The basic unit of weight in the metric system is a very small unit called the gram. Think of
a paper clip. It weighs roughly 1 gram (g). About 28 g will make 1 oz in the English system.
The gram is most often used to measure items that are fairly light. For heavier items, a more
convenient unit of weight is the kilogram (kg). From the prefix “kilo” you should know
that a kilogram is equal to 1000 grams.

Definitions: Comparing Kilograms (kg) to Grams (g)
NOTE Technically, the gram is a
unit of mass rather than
weight. Weight is the force of
gravity on an object. Thus,
astronauts weigh less on the
moon than on earth even
though their masses are
unchanged. For common use on
earth, the terms “mass” and
“weight” are still used
interchangeably.

1 kilogram (kg)  1000 grams (g) (A kilogram is just a bit more than 2 lb.)

Example 1
Using Appropriate Units of Metric Weight
The weight of a box of breakfast cereal is 320 g.
A woman might weigh 50 kg.
The weight of a nickel is 5 g.

CHECK YOURSELF 1
Choose the most reasonable measure.

(a) A penny: 30 g, 3 g, or 3 kg.
(c) A car: 5000 kg, 1000 kg, or 5000 g.

(b) A bar of soap: 120 g, 12 g, or 1.2 kg.
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Another metric unit of weight that you will encounter is the milligram.

Definitions: Comparing Milligrams (mg) to Grams (g)
NOTE The prefix “milli” means
one thousandth.

1 milligram (mg) 

1
g
1000

A milligram is an extremely small unit. It is used, for example, in medicine for measuring
drug amounts. Thus, a pill might contain 300 mg of aspirin.
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Just as with units of length, converting metric units of weight is simply a matter of moving the decimal point. The following chart will help.
To convert to larger units move the decimal point to the left.
NOTE *kg, g, and mg are the
units in common use.

mg*
0.001 g

cg
0.01 g

dg
0.1 g

g*
1g

dag
10 g

hg
100 g

kg*
1000 g

To convert to smaller units move the decimal point to the right.

Example 2
Converting Metric Weight
Complete the following statements.
NOTE We are converting to a
smaller unit.

NOTE We are converting to a
larger unit.

(a) 7 kg  ? g

Move the decimal point three places to the right
(to multiply by 1000).

7 kg  7000 g  7000 g
^
(b) 5000 mg  ? g
5000 mg  5 000 g  5 g
^

Move the decimal point three places to the left
(to divide by 1000).

CHECK YOURSELF 2
(a) 3000 g  __________ kg

(b) 500 cg  __________ g

For very heavy objects, the metric ton is used.

Definitions: Metric Ton
1 metric ton  1000 kg

so

1 metric ton
 1 and
1000 kg

1000 kg
1
1 metric ton

We will use this measure in Example 3.
Example 3
Converting to Metric Tons

(a) 7500 kg  ? metric tons
NOTE In both parts of
Example 3, we are multiplying
by one.

7500 kg 

7500 kg
1 metric ton

 7.500 metric tons
1
1000 kg

(b) 12.25 metric tons  ? kg
12.25 metric tons 

1000 kg
12.25 metric ton

1
1 metric ton

 12,250 kg

Move the decimal point
three places to the left
to divide by 1000.
Move the decimal point
three places to the right
to multiply by 1000.
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CHECK YOURSELF 3
(a) 13,400 kg  ? metric tons

(b) 0.76 metric tons  ? kg

In measuring volume or capacity in the English system, we use the liquid measures of
ounces, pints, quarts, and gallons.
In the metric system, the basic unit of volume is the liter (L). The liter is just slightly
more than the quart and would be used for soft drinks (many are already sold here by the
liter), milk, oil, gasoline, and so on.
The metric unit that is used to measure smaller volumes is the milliliter (mL). From the
prefix we know that it is one thousandth of a liter.
NOTE The liter is related to the
meter. It is defined as the
volume of a cube 10 cm on each
edge, so

Definitions: Comparing Liters (L) to Milliliters (mL)
1 liter (L)  1000 milliliters (mL)

1 L  1000 cm3.

10 cm
One liter

The milliliter is the volume of a cube 1 cm on each edge. So 1 mL is equal to 1 cm3. These
units can be used interchangeably.
Note: Scientists give measurements of volume in terms of cubic centimeters (cm3).
Example 4 will help you get used to the metric units of volume.

10 cm
10 cm

NOTE This unit of volume is
also spelled litre (the British
spelling).

Example 4
Using Appropriate Units of Metric Volume
A teaspoon is about 5 mL or 5 cm3.
A 6-oz cup of coffee is about 180 mL.
A quart of milk is 946 mL (just less than 1 L).
A gallon is just less than 4 L.
Now try these exercises.
CHECK YOURSELF 4
Choose the most reasonable measure.
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(a)
(b)
(c)
(d)

A can of soup: 3 L, 30 mL, or 300 mL.
A pint of cream: 4.73 L, 473 mL, or 47.3 mL.
A home-heating oil tank: 100 L, 1000 L, or 1000 mL.
A tablespoon: 150 mL, 1.5 L, or 15 mL.

Converting metric units of volume is again just a matter of moving the decimal point. A
chart similar to the ones you saw earlier may be helpful.
NOTE *L, cL, and mL are the
most commonly used units. We
have shown the other units
simply to indicate that the
prefixes and abbreviations are
used in a consistent fashion.

To convert to larger units move the decimal point to the left.

mL*
0.001 L

cL*
0.01 L

dL
0.1 L

L*
1L

daL
10 L

hL
100 L

To convert to smaller units move the decimal point to the right.

kL
1000 L
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Example 5
Converting Metric Volume
Complete the following statements.
(a) 4 L  ? mL
NOTE We are converting to a
smaller unit.

From the chart above, we see that we should move the decimal point three places to the
right (to multiply by 1000).
4 L  4.000 mL  4000 mL
^
(b) 3500 mL  ? L

NOTE We are converting to a
larger unit.

Move the decimal point three places to the left (to divide by 1000).
3500 mL  3 500 L  3.5 L
^
(c) 30 cL  ? mL

smaller unit.

Move the decimal point one place to the right (to multiply by 10).
30 cL  30.0 mL  300 mL
^
CHECK YOURSELF 5
Complete the following statements.

(a) 5 L  _______ mL
(c) 550 mL  _______ cL

(b) 7500 mL  _______ L

CHECK YOURSELF ANSWERS
1. (a) 3g; (b) 120 g; (c) 1000 kg
2. (a) 3; (b) 5
3. (a) 13.4 metric tons; (b) 760 kg
4. (a) 300 mL; (b) 473 mL; (c) 1000 L; (d) 15 mL

5. (a) 5000; (b) 7.5; (c) 55
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NOTE We are converting to a

Name

7.3

Exercises

Section

Date

Choose the most reasonable measure of weight.
1. A nickel

2. A portable television set

(a) 5 kg
(b) 5 g
(c) 50 g

(a) 8 g
(b) 8 kg
(c) 80 kg

3. A flashlight battery

(a) 8 g
(b) 8 kg
(c) 80 g

4. A 10-year-old boy

(a) 30 kg
(b) 3 kg
(c) 300 g

ANSWERS
1.
2.
3.
4.
5.
6.

5. A Volkswagen Rabbit

(a) 100 kg
(b) 1000 kg
(c) 1000 g

6. A 10-lb bag of flour

(a) 45 kg
(b) 4.5 kg
(c) 45 g

7.
8.
9.

7. A dinner fork

8. A can of spices

(a) 50 g
(b) 5 g
(c) 5 kg

(a) 3 g
(b) 300 g
(c) 30 g

9. A slice of bread

10. A house paintbrush

(a) 2 g
(b) 20 g
(c) 2 kg

(a) 120 g
(b) 12 kg
(c) 12 g

11. A sugar cube

12. A salt shaker

(a) 2 mg
(b) 20 g
(c) 2 g

(a) 10 g
(b) 100 g
(c) 1 g

10.
11.
12.
13.
14.
15.
16.
17.
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Complete each statement, using a metric unit of weight.
13. A marshmallow weighs 5 _______ .
14. A toaster weighs 2 _______ .
15. 1 _______ is

1
g.
1000

16. A bag of peanuts weighs 100 _______ .
17. An electric razor weighs 250 _______ .
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ANSWERS
18.

18. A soup spoon weighs 50 _______ .

19.

19. A heavyweight boxer weighs 98 _______ .

20.
20. A vitamin C tablet weighs 500 _______ .
21.
21. A cigarette lighter weighs 30 _______ .
22.
22. A clock radio weighs 1.5 _______ .
23.
24.
25.
26.

23. A household broom weighs 300 _______ .

27.

24. A 60-watt light bulb weighs 25 _______ .

28.

Complete each statement.

29.

25. 8 kg  ________ g

26. 5000 mg  ________ g

30.

27. 9500 kg  ________ metric tons

28. 3 kg  ________ g

31.

29. 1.45 metric tons  ________ kg

30. 12,500 kg  ________ metric tons

32.

31. 3 g  ________ mg

32. 2000 g  ________ kg

33.

Choose the most reasonable measure of volume.
33. A bottle of wine

(a) 75 mL
(b) 7.5 L
(c) 750 mL

35.
36.
37.

35. A bottle of perfume

(a) 15 mL
(b) 150 mL
(c) 1.5 L

38.
39.
40.

37. A hot-water heater

(a) 200 mL
(b) 50 L
(c) 200 L
39. A bottle of ink

(a) 60 cm3
(b) 6 cm3
(c) 600 cm3
566

34. A gallon of gasoline

(a) 400 mL
(b) 4 L
(c) 40 L
36. A can of frozen orange juice

(a) 1.5 L
(b) 150 mL
(c) 15 mL
38. An oil drum

(a) 220 L
(b) 220 mL
(c) 22 L
40. A cup of tea

(a) 18 mL
(b) 180 mL
(c) 18 L
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34.

ANSWERS

41. A jar of mustard

42. A bottle of aftershave lotion

(a) 150 mL
(b) 15 L
(c) 15 mL

(a) 50 mL
(b) 5 L
(c) 5 mL

43. A cream pitcher

44. One tablespoon

(a) 12 mL
(b) 120 mL
(c) 1.2 L

(a) 1.5 mL
(b) 1.5 L
(c) 15 mL

41.
42.
43.
44.
45.
46.
47.

Complete each statement, using a metric unit of volume.
48.
45. A can of tomato soup is 300 _______ .
49.

1
L.
46. 1 _______ is
100

50.

47. A saucepan holds 1.5 _______ .

51.

48. A thermos bottle contains 500 _______ of liquid.

52.

49. A coffee pot holds 720 _______ .

53.

50. A garbage can will hold 120 _______ .

54.

51. A car’s engine capacity is 2000 cm3. It is advertised as a 2.0 _______ model.

55.

52. A bottle of vanilla extract contains 60 _______ .
53. 1 _______ is

57.

1
cL.
10

58.

54. A can of soft drink is 35 _______ .

59.

55. A garden sprinkler delivers 8 _______ of water per minute.

60.

56. 1 kL is 1000 _______ .

61.
62.

Complete each statement.
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56.

57. 7 L  ________ mL

58. 4000 cm3  ________ L

63.

59. 4 hL  ________ L

60. 7 L  ________ cL

64.

61. 8000 mL  ________ L

62. 12 L  ________ mL

65.

63. 5 L  ________ cm3

64. 2 L  ________ cL

66.

65. 75 cL  ________ mL

66. 5 kL  ________ L

67.

67. 5 L  ________ cL

68. 400 mL  ________ cL

68.
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ANSWERS
69.

Solve the following applications.

70.

69. Emissions. The United States emitted 67.3 million metric tons (t) of carbon

monoxide (CO) into the atmosphere in 1999. One metric ton equals 1000 kg. How
many kilograms of CO were emitted to the atmosphere in the United States during
1999?

71.

70. Emissions. The United States emitted 19.5 million t of nitrogen oxides (NO) into the

atmosphere in 1987. One metric ton (1 t) equals 1000 kg. How many kilograms of
NO were emitted to the atmosphere in the United States during 1987?

72.

71. Mass (weight) and volume are connected in the metric system. The weight of water in

a cube 1 cm on a side is 1g. Does such a relationship exist in the English system of
measurement? If so, what is it? If not, why not?

73.

72. (a) Determine how many liters of gasoline your car will hold.

(b) Using current prices, determine what a liter of gasoline
should cost to make it competitive.
(c) How much would it cost to fill your car?
73. Do the following doses of medicine seem reasonable or unreasonable?

(a) Take 5 L of Kaopectate every morning.
(b) Soak your feet in 5 L of epsom salt bath every evening.
3
(c) Inject yourself with L of insulin every day.
4

Answers
3. (c)
5. (b)
7. (a)
9. (b)
11. (c)
13. g
17. g
19. kg
21. g
23. g
25. 8000
27. 9.5
31. 3000
33. (c)
35. (a)
37. (c)
39. (a)
43. (b)
45. mL (or cm3)
47. L
49. mL
51. L
55. L
57. 7000
59. 0.04
61. 8
63. 5000
67. 500
69. 67.3 billion kg
71.
73.
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1. (b)
15. mg
29. 1450
41. (a)
53. mL
65. 750
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Using Your Calculator to
Convert Between the English
and Metric Systems
Occasionally, it is necessary to convert between the English and metric systems. When this
is necessary, it is best to have a calculator and a conversion table. In this section, we provide conversion tables for length, weight, and volume. We begin by looking at length.
The following table will help you to convert from the metric to the English system for
measuring length.
Definitions: Converting Between Metric and English
Units (Length)
1 m  39.37 in.
1 cm  0.394 in.
1 km  0.62 mi

Example 1
Converting Between Metric and English Units of Length
Complete the following statements.
NOTE There are all kinds of
ways to convert between the
systems. You can just multiply
or divide by the appropriate
factor. We have chosen to use
the unit ratio idea introduced
in Section 7.1.

(a) 3m  ? in.
3m 3m





39.37 in.
 118.11 in.
1m
This is a unit ratio equal to 1.

(b) 25 km  ? mi
25 km  25 km

 1 km   15.5 mi
0.62 mi

CHECK YOURSELF 1
Complete the following statements.

(a) 5 cm  _______ in.

(b) 40 km  _______ mi
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Note: Guidebooks for U.S. travelers give this tip for a quick conversion from kilometers
to miles: Multiply the number of kilometers by 6 and drop the last digit. The result will be
the approximate number of miles. For example, a speed limit sign reads 90 km/h.

SPEED LIMIT

90
km/h
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NOTE This multiplies the

90  6  54 0

Multiply by 6 and drop the last
digit, in this case 0.

number of kilometers by 0.6.
Drop this digit.

90 km/h is approximately 54 mi/h.
You may also want to be able to convert units of the English system to those of the
metric system. You can use the following conversion factors.

Definitions: Converting Between English and Metric
Units (Length)
1 in.  2.54 cm
1 yd  0.914 m
1 mi  1.6 km

Example 2
Converting Between English and Metric Units of Length
Complete the following statements.
(a) 5 in.  ? cm
5 in.  5 in.



2.54 cm
1 in.



2.54 cm
is a unit ratio equal to 1.
1 in.

 12.7 cm
(b) 12 mi  ? km
12 mi  12 mi

 1 mi   19.2 km
1.6 km

(c) 5 yd  ? m
5 yd  5 yd





0.914 m
 4.57 m
1 yd

CHECK YOURSELF 2
Complete the following statements.

(a) 8 in.  _______ cm

(b) 20 mi  _______ km

To convert between units of weight in the two systems, use the following.

Definitions: Converting Between English and Metric
Units (Weight)
1 kg  2.2 lb
1 lb  0.45 kg
1 oz  28 g
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Example 3
Converting Between English and Metric Units of Weight
(a) A roast beef weighs 3 kg. What is its weight in pounds?

 1 kg   6.6 lb
2.2 lb

3 kg  3 kg

1
(b) A jar of spices weighs 1 oz. What is its weight in grams?
2

 

1
28 g
1 oz  1.5 oz  1.5 oz
 42 g
2
1 oz
(c) A package weighs 5 lb. What is its weight in kilograms?
5 lb  5 lb





0.45 kg
 2.25 kg
1 lb

CHECK YOURSELF 3
(a) A radio weighs 4 kg. What is its weight in pounds?
1
(b) A bag of peanuts weighs 3 oz. What is its weight in grams?
2
(c) If your cat weighs 8 lb, what is her weight in kilograms?

If you need to convert between units of volume in the English and metric systems, you
can use the following table.

Definitions: Converting Between Metric and English
Units (Volume)
1 L  1.06 qt
1 qt  0.95 L
1 fluid ounce (fl oz)  30 mL
 30 cm3

Examples 4 and 5 show how to use these conversion factors.

Example 4
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Converting Between English and Metric Units of Volume
A bottle’s volume is 3 L. What is its capacity in quarts?
3L 3L





1.06 qt
 3.18 qt
1L

1.06 qt
is a unit
1L
ratio equal to 1.
Note that

CHECK YOURSELF 4
A soft drink is bottled in a 2-L container. What does it contain in quarts?
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Example 5
Converting Between English and Metric Units of Volume
A gasoline tank holds 16 gal. How many liters will it hold?
16 gal  16 gal
 64 qt

1 gal  64 qt
4 qt

 1 qt   60.8 L
0.95 L

First we convert to quarts.

Then we multiply by the unit ratio.

CHECK YOURSELF 5
A hot-water tank will hold 40 gal. What is its volume in liters?

CHECK YOURSELF ANSWERS
1. (a) 1.97 in.; (b) 24.8 mi
2. (a) 20.32 cm; (b) 32 km
3. (a) 8.8 lb; (b) 98 g; (c) 3.6 kg
4. 2.12 qt
5. 152 L
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Name

Calculator Exercises

Section

Date

Complete each statement. (Round to the nearest hundredth)
ANSWERS
1. 250 km  _________ mi

2. 9 cm  _________ in.
1.
2.

3. 150 mi  _________ km

4. 9 yd  _________ m

3.
4.

5. 2.6 m  _________ in.

6. 72 in.  _________ cm

5.
6.
7.

7. 6 lb  _________ kg

8. 8 oz  _________ g

8.
9.

9. 0.25 kg  _________ oz

10. 5 lb  _________ g

10.
11.
12.

11. 4 qt  _________ L

12. 7 L  _________ qt

13.
14.

13. 8 fl oz  _________ mL

14. 15.9 gal  _________ L

15.
16.
17.
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15. 760 mL  _________ qt

16. 15 L  _________ gal

18.

Solve the following applications.
17. Football. A football team’s fullback weighs 250 lb. How many kilograms does he

weigh?

18. Travel. Samantha’s speedometer reads in kilometers per hour. If the legal speed limit

is 55 mi/h, how fast can she drive?
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ANSWERS
19.

19. Complete the following puzzle.

ACROSS
1.
6.
7.
8.
9.
10.
13.
14.

6000 milliliters
1760 yards
paradise
LV  LV
extra terrestrial
out of whack
tome
seven thousandths g

MATHWORK PUZZLE
1

2

3

4

5

6

8

7

DOWN
1.
2.
3.
4.
5.
10.
11.
12.

600 centimeters
top
_____ de France
_____ dm in one m
sixty thousand g
presidential nickname
didn’t lose
read only memory

9

10

11

12

13

14

Answers
7. 2.73
9. 8.93
11. 3.77
Because of rounding, the answer to exercise
17 will be 112.5 if students multiply by 0.45, and it will be 113.64 if they divide by 2.2.
19.
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6
M
E
T
E
R
S

3. 241.94
15. 0.81

5. 102.36
17. 112.5

L I T E R S
I L E
I
D E N
C X
T
T
A W R Y
B O O K
E V E N M G
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1. 155
13. 240

