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CHAPTER 2 Approaches to Problem Solving

Choose the best answer to each of the following questions.
Explain your reasoning with one or more complete
sentences.
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One kilometer is
a. 10 meters.
b. 100 meters.

¢. 1000 meters.

. A megaton is

a. 100 tons.
b. 1000 tons.

¢. 1 million tons.

. A millimeter is approximately the size of

a. the ball point in a pen.
b. a golf ball.
c. a basketball.

. You are buying apples while traveling in Europe. The price is

most likely to be quoted in
a. euros per kilogram.
b. euros per milliliter.

c. euros per kilometer.

. A liter is approximately equivalent to

a. a mile.
b. a pound.

c. a quart.

6. A temperature of 105°C is

a. typical of Phoenix in the summer.
b. typical of Antarctica in the winter.
c. hot enough to boil water.
7. Which of the following is not a unit of energy?
a. joules
b. watts
c. kilowatt-hours

8. You want to know how much total energy is required to oper-

ate a 100-watt light bulb. Do you need any more information?

a. No.

b. Yes; you need to know the temperature of the light bulb
when it is on.

c. Yes; you need to know how long the light bulb is on.

9. New Mexico has a population density of about 12 people
per square mile and an area of about 120,000 square miles.
To find its actual population, you should

a. multiply the population density by the area.
b. divide the population density by the area.
c. divide the area by the population density.

10. The concentration of carbon dioxide in Earth’s atmosphere
might be stated in

a. grams per meter.
b. parts per million.

c. joules per watt.

REVIEW QUESTIONS

1%

Briefly describe the origin and use of common units in the
U.S. customary system.

2. Briefly describe the origin and use of metric units.

3. What are the basic metric units of length, mass, time, and

volume? How are the metric prefixes used?

. Using examples, show how to convert among the Fahrenheit,

Celsius, and Kelvin temperature scales.

. What is energy? List at least three common units of energy.
gy 3%

Under what circumstances do the different units tend to be
used?

. What is the difference between energy and power? What are

the standard units for power?

. What do we mean by density? What do we mean by

concentration? Describe common units of density and
concentration, including blood alcohol content, with
examples.

DOES IT MAKE SENSE?

Decide whether each of the following statements makes sense
(or is clearly true) or does not make sense (or is clearly false).
Explain your reasoning. Hint: Be sure to consider whether the
units are appropriate to the statement, as well as whether the
stated amount makes any sense. For example, a statement that
someone is 15 feet tall uses the units (feet) appropriately, but
does not make sense because no one is that tall.

8. I drank 2 liters of water today.
9. 1 know a professional bicyclist who weighs 300 kilograms.
10. I drove along the highway at 100 kilometers per hour.
11. T know someone who can run 35 liters per second.
12. A guy on our track team can high-jump 7 meters.
13. My friend ran 10,000 meters in less than an hour.

14. The book I sent you weighs 3 milligrams.

15. My car’s gas tank holds 12 meters of gasoline.
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16.
17

My daily food intake gives me about 10 million joules of energy.

Our utility company charges 10¢ per watt for the electricity
we use.

18. The beach ball we played with had a density of 10 grams per
cubic centimeter.
BASIC SKILLS & CONCEPTS
19-22: Powers of 10. Evaluate the following expressions using
skills covered in the Brief Review on p. 100.
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23-30: USCS Units. Answer the following questions involving
conversions within the USCS system.

23. What is the height in inches of a 6'10" basketball player?
24.
25.

What is the weight in tons of a 345-pound lineman?

One cubic foot holds 7.48 gallons of water, and one gallon of
water weighs 8.33 pounds. How much does a cubic foot of
water weigh in pounds? in ounces (avoirdupois)?

26. Suppose you bought 10 six-packs of soda, each six-pack
containing six 12-ounce cans. How many gallons of soda did

you buy?

27. A speed boat has a top speed of 46 knots (nautical miles per

hour). What is this speed in miles per hour?

28. How many quarts does an 18-gallon gasoline tank hold? How

many pints? How many ounces?

29. How many cords of wood could you fit in a room that is

4 yards long, 4 yards wide, and 2 yards high? (See Table 2.4.)

30. A small city produces 500,000 cubic feet of garbage per week.
If all of this garbage were stacked neatly (in a nice vertical pile)
on a 100-yard by 60-yard football field, how high would the

pile be (in feet)?

31-36: Metric Prefixes. Complete the following sentences with a
number. All answers should be greater than 1.

31. A meter is

times as large as a millimeter.

32. A kilogram is
33. Aliter is

34. A kilometer is

times as large as a milligram.

times as large as a milliliter.

times as large as a micrometer.
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35. A square meter is times as large as a square centimeter.

36. A cubic meter is times as large as a cubic millimeter.

37-46: USCS-Metric Conversions. Convert the following quan-
tities to the indicated units.

37.
38.
39.
40.
41.
42.
43.
44.
45.
46.

47-48: Celsius—Fahrenheit Conversions. Convert the following
temperatures from Fahrenheit to Celsius or vice versa.

47.°a45°F b. 20°C ¢ =15°C d. —30°C
48.:2. =8°C bi15°F calozC d: /5°F

49-50: Celsius—Kelvin Conversions. Convert the following tem-
peratures from Kelvin to Celsius or vice versa.

49. a. 50K b:240 K ;..; c.:10%C
50: “at=40°C 1 :bh. 400'K > 4 ¢.125°C

51. Running Power. Assume that running consumes 100 Calories
per mile. If you run 10-minute miles, what is your average
power output, in watts, during a 1-hour run?

22 kilograms to pounds

160 centimeters to inches

16 quarts to liters

2 square kilometers to square miles

55 miles per hour to kilometers per hour
120 kilometers per hour to miles per hour
18 meters per second to miles per hour
20 square meters to square feet

300 cubic inches to cubic centimeters

18 grams per cubic centimeter to pounds per cubic inch

e. 70°F
e. 20°F

52. Bicycle Power. A 1-hour bike ride at a pace of 15 miles per
hour consumes about 750 Calories. What is your average
power output, in watts, during a 45-minute bike ride?

53-54: Electric Bills. Consider the following electric bills.

a. Calculate the total electrical energy use in joules.

b. Calculate your average power use in watts.

c. Assume that your power supplier generates electricity by burn-
ing oil. Note that 1 liter of oil releases 12 million joules of energy.
How much oil is needed to generate the electricity you use? Give
your answer in both liters and gallons.

53. In May you used 900 kilowatt-hours of energy for electricity.

54. In October you used 1050 kilowatt-hours of energy for
electricity.

55-60: Densities. Compute the following densities using the
appropriate units.

55. A cube of wood measures 3 centimeters on a side and it
weighs 20 grams. What is its density? Will it float in water?

56. At room temperature, a 0.1-cubic-centimeter sample of
plutonium weighs 1.98 grams. What is its density? Will it
float in water?

57. The land area of the United States is about 3.5 million square
miles, and the population is about 306 million people. What

is the average population density?

58. The country with the greatest population density is Monaco,

where approximately 32,500 people live in an area of
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59.

60.

61.

62.
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1.95 square kilometers. What is the population density of
Monaco in people per square kilometer? Compare this den-
sity to that of the United States, which is approximately 31
people per square kilometer.

New Jersey and Alaska have populations of 8.7 million and
680,000, respectively (U.S. Census Bureau, 2008). Their areas
are 7417 and 571,951 square miles, respectively. Compute the
population densities of both states.

A standard DVD has a surface area of 134 square centimeters.
Depending on formatting, it holds either 4.7 or 8.5 gigabytes.
Find the data density in both cases.

Blood Alcohol Content: Wine. A typical glass of wine
contains about 20 grams of alcohol. Consider a 110-pound
woman, with approximately 4 liters (4000 milliliters) of
blood, who drinks two glasses of wine.

a. 1f all the alcohol were immediately absorbed into her
bloodstream, what would her blood alcohol content be? Ex-
plain why it is fortunate that, in reality, the alcohol is not ab-
sorbed immediately.

b. Again assume that all the alcohol is absorbed immediately,
but now assume that her body eliminates the alcohol
(through metabolism) at a rate of 10 grams per hour. What is
her blood alcohol content 3 hours after drinking the wine? Is
it safe for her to drive at this time? Explain.

Blood Alcohol Content: Hard Liquor. Eight ounces of a hard
liquor (such as whiskey) typically contain about 70 grams

of alcohol. Consider a 200-pound man, with approximately
6 liters (6000 milliliters) of blood, who quickly drinks

8 ounces of hard liquor.

a. If all the alcohol were immediately absorbed into his
bloodstream, what would his blood alcohol content be? Ex-
plain why it is fortunate that, in reality, the alcohol is not ab-
sorbed immediately.

b. Again assume that all the alcohol is absorbed immediately,
but now assume that his body eliminates the alcohol
(through metabolism) at a rate of 15 grams per hour. What is
his blood alcohol content 4 hours after drinking the liquor?
s it safe for him to drive at this time? Explain.

FURTHER APPLICATIONS

63-68: Currency Conversions. Use the currency exchange rates
in Table 2.1 in Unit 2A to answer the following questions. State
all of the conversion factors that you use.

63.

64.

65.

66.

67.

Apples in a French market cost 2.50 euros per kilogram.
What is the price in dollars per pound?

Gasoline at a Belgian gas station costs 1.40 euros per liter.
What is the price in dollars per gallon?

Suppose that a new fuel-efficient German car travels an average
of 26 kilometers on 1 liter of gasoline. If gasoline costs 1.50 euros
per liter, how much will it cost to drive 300 kilometers?

Carpet at a British home supply store sells for 16 pounds
(currency) per square meter. What is the price in dollars per
square yard?

An 0.8-liter bottle of Mexican wine costs 100 pesos. What is
the price in dollars per ounce?

68.

69.

70.

71.

72.

The monthly rent on an 80-square-meter apartment in Nice,
France, is 1040 euros. The monthly rent on 2 500-square-
foot apartment in Santa Fe, New Mexico, is $800. In terms
of price per area, which apartment is less expensive?

The Metric Mile. Two historic races in track and field are the
mile (1 USCS mile) and the metric mile (1500 meters).

a. Complete the sentence: The metric mile is % of the

USCS mile in length.

b. Consider the following world records in the two events
(as of 2009).

Men Women
Mile 3:43:13 4:12:56
Metric mile 3:26:00 3:50:46

Compute and compare the average speed in the men’s mile
and metric mile races.

¢. Compute and compare the average speed in the women’s
mile and metric mile races.

d. If the average speed for the metric mile were run for the
entire length of a mile race, would it result in a world record?
Answer for both men and women.

Supertankers. An oil supertanker of the Very Large Crude
Carrier (VLCC) class has a deadweight tonnage (the total
amount that it can carry in crew, supplies, and cargo) of
300,000 long tons.

a. How many kilograms can the tanker carry?

b. Assume that the tonnage consists entirely of oil. If the
density of oil is 850 kilograms per cubic meter, how many
cubic meters of oil can the tanker carry?

¢. Assume that 1000 liters of oil has a volume of 1 cubic
meter. How many barrels of oil can the tanker carry? (See
Tables 2.4 and 2.6.)

d. Find the current price of oil in dollars per barrel. What is
the value of the oil carried by a full tanker?

Lake Victoria. Lake Victoria is Africa’s largest lake and the
second largest fresh-water lake in the world in terms of sur-
face area. Its volume is approximately 2750 cubic kilometers
and its surface area is 68,800 square kilometers.

4. What is the average depth of the lake (the depth of a box
with the volume and surface area of the lake)?

b. In the last six years, the water level of the lake has dropped
10 feet (from the depth computed in part a). Approximately
how much water has the lake lost?

¢. What percentage of the volume (2750 cubic kilometers)
has been lost?

The Cullinan Diamond and the Star of Africa. The largest sin-
gle rough diamond ever found, the Cullinan diamond, weighed
3106 carats. It was used to cut the world’s largest diamond gem,
the Star of Africa (530.2 carats), which is part of the British
crown jewels collection. How much did the Cullinan diamond
weigh in milligrams? in (avoirdupois) pounds? How much does
the Star of Africa weigh in milligrams? in (avoirdupois) pounds?




