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PREFACE

For each chapter, the learning objectives that students could be expected to master by reading the text are listed. The
questions are identified as remembering, understanding, applying, analyzing, and evaluating. This classification is
patterned after Bloom’s taxonomy of educational objectives. Bloom listed six levels of learning: knowledge
(information), comprehension, application, analysis, synthesis, and evaluation. Questions are also posed at three difficulty
levels: easy, medium, and difficult. By asking students questions that vary in both type and level of difficulty, instructors can
gather different types of evidence, which will allow them to more effectively assess how well students understand specific
concepts.

Five Question Types (classified according to Bloom’s taxonomy):

1. Remembering questions—Test declarative knowledge, including textbook definitions and relationships between two or
more pieces of information. Can students recall or remember the information in the same form it was learned?

2. Understanding questions—Pose problems in a context different from the one in which the material was learned,
requiring students to draw from their declarative and/or procedural understanding of important concepts. Can students
explain ideas or concepts?

3. Applying questions—Ask students to draw from their prior experience and use critical-thinking skills to engage in
qualitative reasoning about the real world. Can students use learned information in another task or situation?

4. Analyzing questions—Test students’ ability to break down information and see how different elements relate to
each other and to the whole. Can students distinguish among the different parts?

5. Evaluating questions—Ask students to assess information as a whole and frame their own argument. Can
students justify a stand or decision?

THREE DIFFICULTY LEVELS:

1. Easy questions—Require a basic understanding of the concepts, definitions, and examples.

2. Moderate questions—Direct students to use critical thinking skills, to demonstrate an understanding of core concepts
independent of specific textbook examples, and to connect concepts across chapters.

3. Difficult questions—Ask students to synthesize textbook concepts with their own experience, making analytical
inferences about topics discussed in the text.

Each question is linked to links to a specific learning objective and is written in clear, concise, and grammatically
correct language appropriate for the learning objective and difficulty level being assessed. Every effort is made to
eliminate bias (e.g., race, gender, cultural, ethnic, regional, handicap, age) to focus on the material and to ensure
validity and reliability.

KEY TO THE METADATA:

Each question in the Test Bank is tagged with five pieces of information designed to help instructors create the most
ideal mix of questions for their quiz or exam. These tags are:

ANS: This is the correct answer for each question (or, in the case of some short-answer questions, a possible correct
answer to the question).

DIF: This is the difficulty assigned to the problem. Problems have been classified as Easy, Medium, or Difficult.
REF: This is the section in the textbook from which a question is drawn.

OBJ: This is the learning objective that the question is designed to test.

MSC: This is the knowledge type (described earlier) that the question is designed to test.

Test Bank files are available in Word, PDF, and Exam-View® Assesment Suite formats. Finally, we would like to thank

Brett Bochner of Hofstra University and Ed Coppola of the College of Southern Nevada, whose careful review improved
the accuracy and usefulness of this product.






PARTI Test Bank



CHAPTER 1

Thinking Like an Astronomer

LEARNING OBJECTIVES

1.1 Earth Occupies a Small Place in the Universe

1.1a State our “cosmic address.”
1.1b Express astronomical distances and distance scales.
1.1c Explain basic astronomical terms and concepts.

Science Is a Way of Viewing the Universe

1.2a Explain the scientific usage of the terms fact, idea, hypothesis, theory, and law.

1.2b Distinguish between the common meanings of the terms fact, idea, hypothesis, theory, and law, and
their scientific meanings.

1.2c Describe the steps of the scientific method.

1.2d Assess whether a given statement is scientific.

1.2e Demonstrate that scientific knowledge is provisional.

1.2f  Explain the significance of the cosmological principle.

1.2g Evaluate competing hypotheses using Occam’s razor.

1.3 Astronomers Use Mathematics to Find Patterns
1.3a Identify patterns in nature.
1.3b Explain how natural patterns imply underlying physical laws.

Working it Out 1.1 Mathematical Tools

Working It Out 1.1a Express numbers in scientific and standard notation.

Working It Out 1.1b Describe the physical properties of objects using ratios.

Working It Out 1.1c Predict the change in proportional quantities with respect to each other.
Working it Out 1.2 Reading a Graph

Working It Out 1.2a Identify the major features of a graph: x-axis, y-axis, x scale, y scale, data points, slope.
Working It Out 1.2b Assess different curves on a graph.

Working It Out 1.2c Demonstrate the ability to read data from a graph.

Origins 1 An Introduction

Origins 1a Explain the goals and scope of the field of astrobiology.



MULTIPLE CHOICE
1. TheSunisa

a. supercluster. d. star.
b. moon. e. planet.
c. galaxy.
ANS: D DIF: Easy REF: 1.1
OBJ: 1.1a State our “cosmic address.” MSC: Remembering
2. The number of planets in our Solar System is
a. Six. d. twelve.
b. eight. e. twenty.
C. nine.
ANS: B DIF: Easy REF: 1.1
OBJ: 1.1a State our “cosmic address.” MSC: Remembering
3. Milky Way is the name of
a. our Solar System. d. the supercluster of galaxies we are in.
b. the galaxy in which we live. e. the entire universe.

c. the local group of galaxies we are in.

ANS: B DIF: Easy REF: 1.1
OBJ: 1.1a State our “cosmic address.” MSC: Understanding
4. Our galaxy and the few dozen nearest galaxies are known as the
a. Solar System. d. Virgo Supercluster.
b. Milky Way. e. Laniakea Supercluster.
c. Local Group.
ANS: C DIF: Moderate REF: 1.1
OBJ: 1.1a State our “cosmic address.” MSC: Remembering

5. According to the figure below, if you were to specify your address in the universe, listing your membership from the smallest to
largest physical structures, it would be

a. Earth, Local Group, Solar System, Andromeda, the universe.

b. Earth, Solar System, Local Group, Milky Way, the universe.

c. Earth, Solar System, Milky Way, Local Group, Laniakea Supercluster, the universe.
d. Earth, Solar System, Milky Way, Laniakea Supercluster, the universe.

e. Earth, Laniakea Supercluster, Milky Way, Solar System, the universe.

ANS: C DIF: Difficult REF: 1.1

OBJ: 1.1a State our “cosmic address.” MSC: Understanding

6. The Andromeda Galaxy is also part of the Local Group, so it is also part of
a. the Solar System. d. the Virgo Supercluster.



10.

11.

12.

13.

b. the Milky Way. e. dark energy.

c. the Moon.
ANS: D DIF: Difficult REF: 1.1
OBJ: 1.1a State our “cosmic address.” MSC: Understanding

According to the figure below, Earth is located approximately

The Sun

} j Milky Way Galaxy

100,000 years

a. at the center of the Milky Way.

b. near the center of the Milky Way.

c. about halfway out from the center of the Milky Way.

d. at the farthest outskirts of the Milky Way.

e. outside the Milky Way, which is why we can see it as a band across the night sky.

ANS: C DIF: Easy REF: 1.1

OBJ: 1.1b Express astronomical distances and distance scales. MSC: Analyzing

When a change occurs on the surface of the Sun, how long does it take before astronomers on Earth can see the change?
a. 8 minutes d. 1day

b. 11 hours e. Itreaches us instantaneously.

c. 1second

ANS: A DIF: Easy REF: 1.1

OBJ: 1.1b Express astronomical distances and distance scales. MSC: Applying

The average distance between Earth and the Sun is 1.5 x 10" m, and light from the Sun takes approximately to reach Earth.
a. 8seconds d. 8days

b. 8 minutes e. 8years

c. 8 hours

ANS: B DIF: Easy REF: 1.1

OBJ: 1.1b Express astronomical distances and distance scales. MSC: Applying

One of the nearest stars, Alpha Centauri, is 4.4 light-years from Earth. The time it takes light to travel from Alpha Centauri to us is
a. 1.25 seconds. d. 600 years.

b. 8.3 minutes. e. 2.2 million years.

c. 4.4 years.

ANS: C DIF: Easy REF: 1.1

OBJ: 1.1b Express astronomical distances and distance scales. MSC: Applying

The time it takes light to cross Neptune’s orbit is closest to which of the following?

a. instantaneous

b. asecond

c. aquick meal

d. anight’s sleep

e. the time between presidential elections

ANS: D DIF: Easy REF: 1.1

OBJ: 1.1b Express astronomical distances and distance scales. MSC: Analyzing

A light-hour is a measure of

a. time. d. speed.

b. distance. e. acceleration.

c. energy.

ANS: B DIF: Easy REF: 1.1

OBJ: 1.1b Express astronomical distances and distance scales. MSC: Understanding

If one thinks about the distance between Earth and the Moon, 384,400 km, approximately how much of that distance would Saturn and
its rings take up?
a. much more than this distance



14.

15.

16.

17.

18.

19.

20.

21.

b. less than half this distance

c. more than half this distance

d. exactly this distance

e. None of these choices is correct.

ANS: B DIF: Moderate REF: 1.1

OBJ: 1.1b Express astronomical distances and distance scales. MSC: Understanding

The diameter of the Moon is

larger than the distance across the continental United States.
roughly equal to the longest distance across Texas.

more than half the distance across the continental United States.
less than half the distance across the continental United States.
None of these choices is correct.

opo e

ANS: C DIF: Moderate REF: 1.1

OBJ: 1.1b Express astronomical distances and distance scales. MSC: Remembering
What is the approximate number of stars in the Milky Way?

a. 10 million d. 300 billion

b. 300 million e. 1 trillion

c. 10 billion

ANS: D DIF: Moderate REF: 1.1
OBJ: 1.1b Express astronomical distances and distance scales. MSC: Remembering

The distance to the nearest large spiral galaxy, the Andromeda Galaxy, is 2.4 x 10> m. How long does it take light to travel from
Andromeda to us?

a. 4.4 years d. 2.5 million years

b. 360 years e. 4.5 billion years

c. 1.2 thousand years

ANS: D DIF: Difficult REF: 1.1

OBJ: 1.1b Express astronomical distances and distance scales. MSC: Applying

One of the nearest stars is Alpha Centauri, whose distance from Earth is 4.2 x 10'® m. How long does it take light to travel from Alpha
Centauri to us?

a. 1.25 seconds d. 560 years

b. 8.3 minutes e. 6,200 years

c. 4.4 years

ANS: C DIF: Difficult REF: 1.1

OBJ: 1.1b Express astronomical distances and distance scales. MSC: Applying

A light-year is a unit commonly used in astronomy as a measure of

a. time. d. distance.

b. speed. e. acceleration.

C. mass.

ANS: D DIF: Moderate REF: 1.1

OBJ: 1.1b Express astronomical distances and distance scales. MSC: Understanding
How many times larger is our galaxy (100,000 light-years across) than our Solar System (11 light-hours across)?
a. 100 d. 10°

b. 1,000 e. 10°

c. 10,000

ANS: D DIF: Difficult REF: 1.1

OBJ: 1.1b Express astronomical distances and distance scales. MSC: Applying
After the Sun, the next nearest star to us is approximately away.

a. 8 light-seconds d. 4 light-years

b. 80 light-minutes e. 200 light-years

c. 40 light-hours

ANS: D DIF: Moderate REF: 1.1

OBJ: 1.1b Express astronomical distances and distance scales. MSC: Remembering

The figure below measures distances in the amount of time it takes light to travel. If the circumference of Earth is a snap of your
fingers (1/7 second), the diameter of the Solar System is approximately equal to
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23.

24.

25.

Moving outward through the
universe at the speed of light,
going around Earth is like the

Earth's circumference time between rapid drum beats.

1/7 second

3 . @l The Sun's distance

8.3 minutes is like a quick meal.
Earth

Neptune

sun i The diameter of Neptune's
orbit is like a night’s sleep.

8.3 hours

4.2 years The distance to the
nearest star is like the time
between U.S. presidential

elections.

Proxima Centauri,
the closest star
to the Sun

_ The Sun

The diameter of the galaxy is
-y CHly like the time since the woolly
‘ mammoth walked on Earth.

100,000 years

- ———————————— -
2.5 million years The distance between

Milky Way Andromeda galaxies is like the time since
Galaxy Galaxy \ Homo erectus first appeared.

500 million years
=

The size of the Laniakea
supercluster is like the time
since complex life formed
on Earth.

The size of the observable
13.8 hillion years | universe is like three times

% the age of Earth.
\

Radius of the observable universe

a. the length of a quick lunch. d. the time you spent in high school.
b. the time to turn a page in a book. e. ahuman lifetime.
c. the length of the workday.

ANS: C DIF: Difficult REF: 1.1
OBJ: 1.1b Express astronomical distances and distance scales. MSC: Analyzing
Light from the Andromeda Galaxy that is just reaching us first left Andromeda when

a. the woolly mammoth last walked the Earth.

b. humans began exploring the skies with telescopes.

c. Homo erectus first walked the Earth.

d. the Solar System formed.

e. the universe began.

ANS: C DIF: Difficult REF: 1.1

OBJ: 1.1b Express astronomical distances and distance scales. MSC: Applying
How long does it take light to travel from the center of the Laniakea Supercluster (5 x 10 m away) to us?
a. 7,000 years d. 12 million years

b. 54,000 years e. 54 million years

c. 120,000 years

ANS: E DIF: Moderate REF: 1.1

OBJ: 1.1b Express astronomical distances and distance scales. MSC: Applying

The speed of light is approximately

a. 3,000 km/s. d. 3 million km/s.

b. 30,000 km/s. e. 3 billion km/s.

c. 300,000 km/s.

ANS: C DIF: Easy REF: 1.1

OBJ: 1.1b Express astronomical distances and distance scales. MSC: Remembering

Our universe is approximately 13.7 years old.



26.

27.

28.

29.

30.

31.

32.

a. hundred d. billion

b. thousand e. trillion

c. million

ANS: D DIF: Easy REF: 1.1

OBJ: 1.1c Explain basic astronomical terms and concepts. MSC: Remembering
The majority of the mass in our universe is made up of

a. planets. d. dust.

b. stars. e. dark matter.

c. galaxies.

ANS: E DIF: Moderate REF: 1.1

OBJ: 1.1c Explain basic astronomical terms and concepts. MSC: Remembering

The majority of the energy in our universe is

a. radiated by stars from the nuclear fusion going on in their cores.

b. the kinetic energy found in the collisions of galaxies.

c. the gravitational potential energy of superclusters.

d. emitted in radioactive decays of unstable elements.

e. made up of dark energy that permeates space.

ANS: E DIF: Difficult REF: 1.1

OBJ: 1.1c Explain basic astronomical terms and concepts. MSC: Remembering
The first event in the history of the universe is called the

a. Great Beginning.

b. Manhattan Project.

c. Universal Spring.

d. BigBang.

e. None of these are correct, as the universe had no beginning.

ANS: D DIF: Easy REF: 1.1

OBJ: 1.1c Explain basic astronomical terms and concepts. MSC: Remembering
A hypothesis is an idea that is

a. Falsifiable. d. always part of a larger theory.

b. undeniably true. e. absolutely untrue.

c. not falsifiable.

ANS: A DIF: Easy REF: 1.2

OBJ: 1.2a Explain the scientific usage of the terms fact, idea, hypothesis, theory, and law.
MSC: Understanding

A hypothesis may become a theory

a. automatically, as the terms mean the same thing.

b. if a majority of scientists agree on its propositions.

c. after it has been logically proved.

d. ifit makes at least one verifiable prediction.

e. after many repeated attempts to falsify it fail.

ANS: E DIF: Easy REF: 1.2

OBJ: 1.2a Explain the scientific usage of the terms fact, idea, hypothesis, theory, and law.
MSC: Understanding

In the scientific method, a fact is a(n)

a. opinion or an idea. d. opinion backed by an expert.

b. observation or a measurement. e. rigorously tested theory.

c. type oftest.

ANS: B DIF: Easy REF: 1.2

OBJ: 1.2a Explain the scientific usage of the terms fact, idea, hypothesis, theory, and law.
MSC: Remembering

A theory is

tied to known physical laws.

able to make testable predictions.

a hypothesis that has withstood many attempts to falsify it.

subject to being revised by new evidence.

all of these

opo o
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34.

35.

36.

37.

38.

39.

40.

ANS: E DIF: Easy REF: 1.2

OBJ: 1.2b Distinguish between the common meanings of the terms fact, idea, hypothesis, theory, and law, and their scientific
meanings. MSC: Understanding

Which of the following is true?

a. A scientific theory is an undisputed fact.

b. If continual testing of a hypothesis shows it to be valid, it may become an accepted theory.

c. A hypothesis must never have one or more testable predictions.

d. A scientific theory must not be able to be proven wrong when scientists acquire new data.

e. A hypothesis can become a theory without it being tested.

ANS: B DIF: Moderate REF: 1.2

OBJ: 1.2b Distinguish between the common meanings of the terms fact, idea, hypothesis, theory, and law, and their scientific
meanings. MSC: Analyzing

A theoretical model is

a. amade-up explanation.

b. adetailed description in terms of known physical laws or theories.

c. atestable assumption.

d. ascientific law.

e. adetailed computer simulation.

ANS: B DIF: Moderate REF: 1.2

OBIJ: 1.2¢ Describe the steps of the scientific method. MSC: Understanding
Before you can scientifically test a hypothesis, you must use the hypothesis to develop a
a. scientific theory. d. computer model.

b. claim that cannot be falsified. e. new fact.

c. prediction to test.

ANS: C DIF: Moderate REF: 1.2
OBJ: 1.2c Describe the steps of the scientific method. MSC: Understanding
The scientific method is a process by which scientists

a. prove theories to be known facts.

b. gain confidence in theories by failing to prove them wrong.

c. show all theories to be wrong.

d. test the ideas of Aristotle.

e. survey what the majority of people think about a theory.

ANS: B DIF: Moderate REF: 1.2

OBJ: 1.2c Describe the steps of the scientific method. MSC: Understanding

A becomes a when repeated testing of its predictions does not disprove it.
a. hypothesis; scientific method d. hypothesis; theory

b. theory; scientific revolution e. law; theory

c. phenomenon; theory

ANS: D DIF: Moderate REF: 1.2

OBJ: 1.2c Describe the steps of the scientific method. MSC: Applying

In science an idea that cannot be tested is

a. ahypothesis. d. aprinciple.

b. not a scientific idea. e. alaw.

c. atheory.

ANS: B DIF: Easy REF: 1.2

OBJ: 1.2d Assess whether a given statement is scientific. MSC: Understanding

The statement “our universe is but one of a multitude of isolated universes” is best characterized as a(n)

a. speculative but unscientific idea.

b. scientific fact.

c. physical law.

d. hypothesis that is currently being tested.

e. impossible situation.

ANS: A DIF: Difficult REF: 1.2

OBJ: 1.2d Assess whether a given statement is scientific. MSC: Applying

A scientific theory can be shown to be wrong if
a. cultural beliefs evolve to contradict it.
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42.

43.

44,

45.

46.

b. scientists gather new data that contradict its predictions.
c. it cannot explain all phenomena in the universe.

d. it was first proposed as conjecture.

e. amajority of people do not accept it.

ANS: B DIF: Easy REF: 1.2

OBJ: 1.2e Demonstrate that scientific knowledge is provisional.
MSC: Understanding
Albert Einstein’s theory of relativity replacing Isaac Newton’s theory of gravity is an example of

a. a failure of the scientific method.

b. Occam’s razor.

c. the cosmological principle.

d. the provisional nature of scientific knowledge.

e. the need for creativity in scientists.

ANS: D DIF: Moderate REF: 1.2

OBJ: 1.2e Demonstrate that scientific knowledge is provisional.
MSC: Understanding
A scientific principle is

a. ascientific law.

b. adetailed description in terms of known physical laws or theories.
c. ageneral idea or sense about the universe.

d. an easily testable statement.

e. the next step beyond a scientific theory.

ANS: C DIF: Easy REF: 1.2

OBJ: 1.2f Explain the significance of the cosmological principle.

MSC: Remembering

The cosmological principle states that

a. the universe is expanding in all directions at the same rate.

b. aunique center of the universe exists.

c. the universe looks the same everywhere and in all directions as long as you look on large enough
spatial scales.

d. physical laws change from place to place in the universe.

e. the universe is in a “steady state.”

ANS: C DIF: Moderate REF: 1.2
OBIJ: 1.2f Explain the significance of the cosmological principle.
MSC: Remembering

Because of , we can conclude that gravity works the same way on Earth as it does on Mars.
a. Newton’s theory of relativity d. the cosmological principle
b. Einstein’s special theory of relativity e. the hypothetical statute

c. Sagan’s planetary principle

ANS: D DIF: Moderate REF: 1.2

OBJ: 1.2f Explain the significance of the cosmological principle.

MSC: Applying

One of the central assumptions in astronomy is that the physical laws of nature

a. change when objects move at high speed.

b. change throughout the age of the universe.

c. depend on the mass of the objects involved.

d. are the same everywhere in the universe.

e. change noticeably from place to place.

ANS: D DIF: Moderate REF: 1.2

OBIJ: 1.2f Explain the significance of the cosmological principle.
MSC: Applying

If you have a stuffy nose, a fever, chills, and body aches and a doctor treats you for the flu rather than four separate diseases that

account for each of your symptoms, this is an application of

a. Newton’s hypothesis. d. Einstein’s relativity.

b. Occam’s razor. e. the Copernican principle.
c. Aristotle’s test.



ANS: B DIF: Difficult REF: 1.2
OBJ: 1.2g Evaluate competing hypotheses using Occam’s razor.
MSC: Applying

47. When two explanations describe something equally well, says that we should assume the simpler one.
a. Newton’s hypothesis d. Einstein’s biggest blunder
b. Occam’s razor e. the Copernican principle

c. Aristotle’s test

ANS: B DIF: Easy REF: 1.2
OBJ: 1.2g Evaluate competing hypotheses using Occam’s razor.
MSC: Remembering

48. The language of patterns, and therefore of science, is

a. Greek. d. Java.

b. mathematics. e. Latin.

c. calculus.

ANS: B DIF: Easy REF: 1.3

OBJ: 1.3aIdentify patterns in nature. MSC: Understanding

49. The figure below shows the night sky as it appears to an observer in the United States at the same time of the night but at four
different seasons of the year. A reasonable conclusion that can be drawn from these images is that

Summer Spring

Fall Winter

a. the stars move about the sky randomly.

b. the stars appear to rotate over the course of a year.

c. the night sky is always the same.

d. there are only four possible configurations of stars in the sky.
e. the position of the stars changes the temperature of the Earth.
ANS: B DIF: Moderate REF: 1.3

OBJ: 1.3aIdentify patterns in nature. MSC: Analyzing

50. When you let go of an apple, you expect it to fall to the ground. This is because



51.

52.

53.

54.

55.

56.

57.

a. down is the only direction it can go in.

b. apples always move directly toward the largest object.

c. your science teacher has told you that is the only possibility.

d. red colors are attracted to green colors.

e. there has been a past pattern of objects always falling toward the Earth.

ANS: E DIF: Moderate REF: 1.3

OBJ: 1.3aIdentify patterns in nature. MSC: Applying

When you see a pattern in nature, it is usually evidence of

a. atheory being displayed. d. an underlying physical law.
b. quantum mechanics in action. e. adecrease in entropy.

c. abreakdown of random clustering.

ANS: D DIF: Easy REF: 1.3

OBJ: 1.3b Explain how natural patterns imply underlying physical laws.

MSC: Understanding

If nature behaves according to a certain physical law, then that law should result in
a. random behavior. d. quantum mechanics.

b. repeating patterns. e. the Big Bang.

c. Occam’s razor.

ANS: B DIF: Easy REF: 1.3
OBJ: 1.3b Explain how natural patterns imply underlying physical laws.
MSC: Understanding

Scientific notation is used in astronomy primarily because it allows us to

a. write very large and very small numbers in a convenient way.
b. talk about science in an easy way.

c. change easy calculations into hard calculations.

d. change hard calculations into easy calculations.

e. explain science to engineers.

ANS: A DIF: Easy REF: 1.3

OBJ: Working It Out 1.1a Express numbers in scientific and standard notation.
MSC: Remembering
The number 123,000 written in scientific notation is

a. 123 x10° d 123x10°
b. 1.23x10° e. 123x10°
c. 123x10°

ANS: B DIF: Easy REF: 1.3

OBJ: Working It Out 1.1a Express numbers in scientific and standard notation.
MSC: Applying
(6x10°)x(3x107) [

a. 1.8x10° d 18x10®
b. 1.8x10* e. 1.8x107
c. 1.8x10°

ANS: B DIF: Moderate REF: 1.3

OBJ: Working It Out 1.1a Express numbers in scientific and standard notation.
MSC: Applying
(1.2x10%) + (4 x107) [

a. 3x10° d 3x10"
b. 3x10° e. 3x10"7
c. 3x10"

ANS: D DIF: Moderate REF: 1.3

OBJ: Working It Out 1.1a Express numbers in scientific and standard notation.
MSC: Applying

The number 1.5 x 10* can also be written as

a. 0.00015 d. 15,000

b. 0.0015 e. 150,000

c. 1,500
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ANS: D DIF: Easy REF: 1.3

OBJ: Working It Out 1.1a Express numbers in scientific and standard notation.

MSC: Applying

If the radius of circle B is twice the radius of circle 4, and the area of a circle is proportional to the radius squared (4 oc #?), then the
ratio of the area of circle B to that of circle 4 is

a. 4. d. 2.

b. 0.5. e. 1.414.
c. 0.25.

ANS: A DIF: Moderate REF: 1.3

OBJ: Working It Out 1.1b Describe the physical properties of objects using ratios.
MSC: Applying
If the radius of circle B is 5 times the radius of circle 4, then the ratio of the area of circle B to that of circle A4 is

a. 25. d. 0.04.
b. 5. e. 0.025.
c. 0.2.

ANS: A DIF: Moderate REF: 1.3

OBJ: Working It Out 1.1b Describe the physical properties of objects using ratios.

MSC: Applying

If the radius of sphere B is 5 times the radius of sphere A4, then the ratio of the volume of sphere B to the volume of sphere 4 is
a. 0.008. d. 25.

b. 0.2. e. 125
c. 5.
ANS: E DIF: Moderate REF: 1.3

OBJ: Working It Out 1.1b Describe the physical properties of objects using ratios.
MSC: Applying

l
The area of a circle is related to its diameter by the 4 = — 7D? formula Using algebra to solve for D, we find that

4

a. 2 d. 172
i i

b. 2 e.

s, Kz n [E]

44 T

c. 1/2
T

ANS: D DIF:  Moderate REF: 1.3
OBJ: Working It Out 1.1c Predict the change in proportional quantities with respect to each other.
MSC: Applying

4
The volume of a sphere is related to its radius by the formula ¥ = — TR Using algebra to solve for R, we get

3
a. o r@ 1,3 d. ' 3 :
E 4
b. R—IE 143 e T 3
- RE B
C. . ;4_;?{ 143
Ay
kN
ANS: B DIF:  Difficult REF: 1.3

OBJ: Working It Out 1.1c Predict the change in proportional quantities with respect to each other.

MSC: Applying

If the speed of light is 3 x 10° km/s and 1 km = 0.62 mile, what is the speed of light in miles per hour (mph)?
a. 670 million mph d. 186 thousand mph

b. 670 thousand mph e. 3.2 billion mph

c. 186 mph
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ANS: A DIF: Difficult REF: 1.3

OBJ: Working It Out 1.1c Predict the change in proportional quantities with respect to each other.
MSC: Applying

The orbital period of Mercury is 88 days. What is its orbital period in units of seconds?

a. 76,000 seconds d. 760 billion seconds

b. 7.6 million seconds e. 76 million seconds

c. 7.6 billion seconds

ANS: B DIF: Difficult REF: 1.3
OBJ: Working It Out 1.1c Predict the change in proportional quantities with respect to each other.
MSC: Applying
What are the units of the vertical axis in the figure below?
Distance versus time for a car

25
20 .
15 .

10 .

Distance (km)

0 5 10 15 20 25
Time (minutes)

a. km d. h/km
. hours e. There are no units on this axis.
c. km/h

ANS: A DIF: Easy REF: 1.3

OBJ: Working It Out 1.2a Identify the major features of a graph: x-axis, y-axis, x scale, y scale, data points, slope. MSC:

Understanding
What is the slope of line in the figure below?

Distance versus time for a car

25
—~ 20 -
E .
eﬁ/ -
9 15 . .
3 10 +t
o L
D 5 - . L ]

G L]

Q 5 10 15 20 25
Time (minutes)

a. 0km/h d. 60km/h
b. 6 km/h e. 60h/km
c. 6h/km
ANS: D DIF: Moderate REF: 1.3

OBJ: Working It Out 1.2a Identify the major features of a graph: x-axis, y-axis, x scale, y scale, data points, slope. MSC:

Analyzing
Which graph in the figures below is a plot of a linear behavior?
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Distance versus time for a car Number of viruses versus time step

25 2,500 10,000
g (7]
g% 2200 g 1,000
<15 2 1,500 £
< 5 ‘S 100
g 10 £ 1,000 5
a > £ 10
5 i Z 500 E
0 (1] S D S } e 1
0 5 10 15 20 25 0 5 10 15 0
Time (minutes) Time step
a. figure (a) d. none of these
b. figure (b) e. all three graphs
c. figure (c)
ANS: A DIF: Moderate REF: 1.3
OBJ: Working It Out 1.2b Assess different curves on a graph. MSC:

Approximately how many viruses are there at time step 10 in the figure below?

Mumber of viruses versus fime step
2,500

o
o
=]
=)

.

Number of viruses
b
(=T}

[an] o
o o
*

500 =

.
o) S -

0 5 10 15
Tirne step
500 d. 2,000
1,000 e. 2,500
1,500

coe

ANS: B DIF: Easy REF: 1.3

OBJ: Working It Out 1.2c Demonstrate the ability to read data from a graph.
MSC: Analyzing

Approximately how many viruses are there at time step 5 in the figure below?

Mumber of viruses wersus time step (log plot)

10,000
(%] .
2 1,000 +
E -
= .
ks 100 -
- 1
£ 10 .
3
z L

1 d

4] 5 10 15

Tirne step

a. 2 d 90
b. 10 e. 100
c. 30
ANS: C DIF: Difficult REF: 1.3

OBJ: Working It Out 1.2c Demonstrate the ability to read data from a graph.
MSC: Analyzing

5
Time step

Analyzing

The study of whether or not life exists elsewhere in the Solar System and beyond is called

a. origins. d. astrobiology.
b. biochemistry. e. exoplanetology.
c. cosmology.

ANS: D DIF: Moderate REF: Origins 1
OBJ: Origins 1a Explain the goals and scope of the field of astrobiology.
MSC: Understanding

Number of viruses versus time step (log plot)

10



SHORT ANSWER

1.

What is the only thing that makes the Sun an exceptional star?

ANS:

The fact that it is our star!

DIF: Easy REF: 1.1 OBJ: 1.1a State our “cosmic address.”

MSC: Remembering

What is the Local Group?

ANS:

The group of a dozen or so galaxies including the Milky Way that are within a few million light-years of each other.
DIF: Easy REF: 1.1 OBJ: 1.1a State our “cosmic address.”

MSC: Remembering

Suppose you were writing to a pen pal in another universe. What address would you put on the envelope that included all the major
structures in which we reside? (Hint: Your cosmic address should begin with “Earth” and end with “the universe.”)

ANS:

The address would be Earth, Solar System, Milky Way, Local Group, Laniakea Supercluster, the universe.

DIF: Moderate REF: 1.1 OBJ: 1.1a State our “cosmic address.”

MSC: Remembering

When we look at distant objects, we see them as they were in the past. Why is this?

ANS:

The finite speed of light means that objects observed at larger distances are observed as they existed in the past.
DIF: Easy REF: 1.1

OBJ: 1.1b Express astronomical distances and distance scales. MSC: Understanding

Describe how we can use travel times as a measure for distances.

ANS:

If speed is constant, a difference in time is directly related to a difference in distance. A time difference is easier to conceptualize.
DIF:  Moderate REF: 1.1

OBJ: 1.1b Express astronomical distances and distance scales. MSC: Understanding

What would you say to someone who said, “It would take light-years to get to the Andromeda Galaxy”?

ANS:

You would tell them that a light-year is a unit of distance, not time.

DIF: Moderate REF: 1.1

OBJ: 1.1b Express astronomical distances and distance scales. MSC: Applying

If you compare the diameter of Earth to 1 minute of time, then what interval of time would represent the diameter of the Solar
System? Assume the diameter of the Solar System is approximately 80 AU.

ANS:

The diameter of Earth is 2 x 6,378 km = 1.3 x 10’ m, and 80 AU =80 x 1.5 x 10" m = 1.2 x 10"* m. Thus, the diameter of the Solar
System would be represented by 1.2 x 10" m x

(1 minute)/(1.3 x 10’ m) = 9.4 x 10° minutes = 1.8 years.

DIF: Difficult REF: 1.1

OBJ: 1.1b Express astronomical distances and distance scales. MSC: Analyzing

Using the method of comparing times to get a handle on the large distances in astronomy, compare the size of Earth to the size of the
visible universe. Start by making the size of Earth comparable to a snap of your fingers, which lasts about 1/7 second. Show your
computation.

ANS:

If the size of Earth is like a snap of your fingers (1/7 second), the size of the visible universe would be 13.7 billion years x (3.15 x 10’
seconds/year) / (1/7 seconds) = 18 x 10" times the radius of Earth.

DIF: Moderate REF: 1.1

OBJ: 1.1b Express astronomical distances and distance scales. MSC: Analyzing

Using the method of comparing distances to time intervals to get a handle on the large distances in astronomy, compare the diameter
of our Solar System, which is 6 x 10'?, to the diameter of the galaxy, which is 1.2 x 10%', by calculating the time it would take for light
to travel these diameters. For reference, the speed of light is 3 x 10% m/s.

ANS:

The time it takes light to travel across the diameter of the Solar System is t = d/v = 6 x10"

m/ (33x10° m/s) = 20,000 s x (1 h/3600 s) = 5.5 h. The time it takes light to travel across the diameter of the galaxy is t = 1.2 x 10*'
m/(3 x 10°m/s) =4 x 10'* s x (1 h/3600 s) x (1 day/24 h) x (1 y/365 day) = 130,000 y.

DIF: Difficult REF: 1.1

OBJ: 1.1b Express astronomical distances and distance scales. MSC: Analyzing
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What implication does the finite speed of light have on what we observe in the universe?

ANS:

It means we see objects as they were when the light left them. Looking farther away from Earth is also looking farther back in time.
DIF: Difficult REF: 1.1

OBIJ: 1.1b Express astronomical distances and distance scales. MSC: Applying
What does the word dark mean in the terms dark matter and dark energy?

ANS:

They are “dark” because they do not interact with light.

DIF: Moderate REF: 1.1

OBJ: 1.1c Explain basic astronomical terms and concepts. MSC: Remembering

Explain the scientific definitions for the terms idea, hypothesis, and theory, and how they are distinct concepts from one another.
ANS:

An idea can be any thought, a scientific sypothesis is a falsifiable or testable idea, and a scientific theory is a hypothesis that has been
tested repeatedly and continues to hold in the face of criticism.

DIF: Easy REF: 1.2

OBJ: 1.2a Explain the scientific usage of the terms fact, idea, hypothesis, theory, and law.

MSC: Applying

How would you respond to someone who stated that “Evolution is not proven; it is just a theory”?

ANS:

You would need to explain that in science, a theory is not something that is proven; rather it our best explanation based on available
data. Thus, calling something a theory does not diminish its importance.

DIF: Difficult REF: 1.2

OBJ: 1.2b Distinguish between the common meanings of the terms fact, idea, hypothesis, theory, and law, and their scientific
meanings. MSC: Applying

An observation does not support your hypothesis. What do you do next?

ANS:
Make more observations, revise the hypothesis, or choose a new hypothesis.
DIF: Easy REF: 1.2 OBJ: 1.2c Describe the steps of the scientific method.

MSC: Understanding

What is a theoretical model?

ANS:

A theoretical model is a detailed description of the properties of a particular system in terms of known physical laws or theories,
which can be used to make predictions.

DIF: Easy REF: 1.2 OBJ: 1.2c Describe the steps of the scientific method.

MSC: Remembering

Describe the main steps involved in the scientific method.

ANS:

First you make a hypothesis and then you make a prediction based on your hypothesis. Then you test your prediction through
experimentation to prove or disprove your original hypothesis. You revise your hypothesis, if necessary, when the experiments
disagree with it.

DIF: Moderate REF: 1.2 OBJ: 1.2c Describe the steps of the scientific method.

MSC: Understanding

What is required for an idea to be a scientific hypothesis?

ANS:
The idea must be testable and falsifiable.
DIF: Easy REF: 1.2 OBJ: 1.2d Assess whether a given statement is scientific.

MSC: Understanding

Why is the statement “The Big Bang was caused by a collision between other universes” not scientific?

ANS:

The statement is not scientific because it is not testable.

DIF: Easy REF: 1.2 OBJ: 1.2d Assess whether a given statement is scientific.

MSC: Applying

Before 2014 the supercluster we resided in was called the Virgo Supercluster. Based on a new way of classifying superclusters we are
now a member of the Laniakea Supercluster. What is this change an example of?

ANS:
The provisional nature of scientific knowledge.
DIF: Easy REF: 1.2

OBJ: 1.2e Demonstrate that scientific knowledge is provisional.
MSC: Applying
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Why does a theory that continues to be supported by the results of experimental tests need further tests?

ANS:

There may be observational tests or measurements that might be performed with greater precision for which the predictions of the
theory might fail.

DIF:  Moderate REF: 1.2

OBJ: 1.2e Demonstrate that scientific knowledge is provisional.

MSC: Understanding

What two pre-Renaissance beliefs are contradicted by the cosmological principle?

ANS:

(1) Earth is at the center of our universe, and (2) celestial objects are made of a different substance from Earth and obey different
rules.

DIF: Moderate REF: 1.2

OBJ: 1.2e Demonstrate that scientific knowledge is provisional.

MSC: Remembering

Describe two ways in which Einstein’s new theories changed commonly accepted scientific views of his time.

ANS:

Mass and energy are manifestations of the same phenomenon. Thus, you can convert one into the other. Time and space are not
separable but are intimately related to one another. Thus, Newton’s law of gravity is only a special case of a more general law Einstein
called general relativity. However, Newton’s law of gravity is much easier for most calculations in our day-to-day lives.

DIF: Moderate REF: 1.2

OBJ: 1.2e Demonstrate that scientific knowledge is provisional.

MSC: Understanding

Describe the two main aspects of the cosmological principle.

ANS:

(1) What we see around us is representative of what the universe is like in general, and (2) the physical laws valid on Earth are valid
everywhere.

DIF: Easy REF: 1.2

OBJ: 1.2f Explain the significance of the cosmological principle.

MSC: Remembering

In pre-Renaissance times, it was believed that celestial objects were made of a different substance from that of Earth and obeyed
different rules. Which modern scientific principle is a better description of the universe?

ANS:
The cosmological principle.
DIF: Moderate REF: 1.2

OBJ: 1.2f Explain the significance of the cosmological principle.

MSC: Applying

A snowstorm hits New York City in June (a typically snow-free month), and three newscasters each claim a different reason:
Newscaster A claims that this storm is a random variation in the weather; Newscaster B claims that the seasons are shifting, and
summer is now the new winter; and Newscaster C claims that the entire Earth is cooling down. Compare the validity of these three
hypotheses using Occam’s razor.

ANS:

Occam’s razor states that we cannot assume more than is necessary to describe the data we have. Because June is typically snow-free
in New York City, Newscaster B requires us to assume the past pattern is changing, which requires more data than we have.
Newscaster C is making a broad claim about the entire planet, and unless he or she can back this up with records of abnormal
snowfalls in other parts of the world, and show a trend, this hypothesis would require even more data than we have. Newscaster A’s
hypothesis is the simplest, as it requires no additional data, and is the one we should accept at this time.

DIF: Difficult REF: 1.2

OBJ: 1.2g Evaluate competing hypotheses using Occam’s razor.

MSC: Analyzing

There are many different areas of science, but a common factor in each is the evaluation and analysis of patterns. What patterns does
astronomy deal with? Describe them in general and give at least one specific example.

ANS:

Astronomy deals with patterns related to celestial objects. One example is that patterns in the sky mark the changing of seasons, the
coming of rains, the movement of herds, and the planting and harvesting of crops. An additional example is that the Sun rises and sets
at a specific time because Earth orbits the Sun.

DIF: Easy REF: 1.3 OBJ: 1.3aIdentify patterns in nature.

MSC: Understanding

It is often said that “mathematics is the language of science.” Explain why this is true.

ANS:
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Math is a formal system used when describing and analyzing patterns, and explaining the reasons for patterns is the heart of science.
Thus, math is the language of science.

DIF: Easy REF: 1.3 OBJ: 1.3a Identify patterns in nature.

MSC: Understanding

An observed pattern in nature is usually a sign of some underlying physical reason. Give an example of this in astronomy, citing the
pattern and the reason behind it.

ANS:

The Sun rises and sets each day. This pattern is due to Earth’s daily rotation on its axis. The stars visible in the sky at a given time of
day change throughout the year, but the pattern repeats every year. This is due to Earth’s orbital motion around the Sun in one year.
DIF: Easy REF: 1.3

OBJ: 1.3b Explain how natural patterns imply underlying physical laws.

MSC: Applying

The two panels in the figure below display the same data. Explain why the trends look different between the two graphs.

(a) Number of viruses versus time step (b) Number of viruses versus time step (log plot)
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ANS:

The y-axes scales are different. In panel (a), a linear scale was used, resulting in a clear exponential curve. In panel (b), a logarithmic
scale was used, making the exponential curve look like a linear one. Linear axes are often easier for humans to comprehend, but
logarithmic ones are better for compactly showing large variations in values.

DIF: Moderate REF: 1.3

OBJ: Working It Out 1.2b Assess different curves on a graph. MSC: Evaluating
Explain what the field of astrobiology studies.

ANS:

Astrobiology is the study of life in the universe, and the origins of that life.

DIF: Easy REF: Origins 1

OBJ: Origins la Explain the goals and scope of the field of astrobiology.
MSC: Understanding



