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            Preface

        

        This book is designed to strengthen your understanding and mastery of the material in the New York State Physical Setting/Earth Science Core Curriculum, a comprehensive course of study in earth science on the secondary level. This book has been specifically written to assist you in preparing for the Regents examination covering this course. It contains the following special features that will help you in studying for this exam: 

        (1) Complete sets of questions from previous Physical Setting/Earth Science Regents examinations are provided. Attempting to answer these questions will make you familiar with the topics tested on the examination and the degree of difficulty to which you are expected to master each topic. It will also increase your confidence as you become familiar with the nature and language of the various question types that will appear on the examination. 

        (2) Correct answers to all Regents questions are fully explained. Explanations of correct answers are detailed, yet simply and clearly stated. Each explanation has been written to help you grasp the reasoning used to arrive at the correct answer rather than just stating  the correct choice. Careful study of the step-by-step explanations of how the correct answer is arrived at for each question will improve  your mastery of the subject. Even if you have answered the question correctly, you should read the explanation to check your reasoning and gain insight into the topic. This insight may be valuable when answering a more difficult question on the same topic. 

        (3) Wrong choices are explained. If you’ve ever answered a test question incorrectly and not understood why your answer was wrong, you will find this feature helpful. Understanding why a choice is incorrect will help you to clear up misconceptions you may have and to see errors in your reasoning. 

        (4) Reference Tables for Physical Setting/Earth Science. These tables are provided to all students for use while taking the Physical Setting/Earth Science Regents examination. Some questions require the use of these tables, and that is usually indicated in the question. When answering other questions, you may find information in the tables useful. These tables are included in this book so that you may become thoroughly familiar with all of the information contained in them.

        (5) Topic Outline and Self-Analysis Charts. The New York State Physical Setting/Earth Science Core Curriculum has been cross-referenced to questions from past Physical Setting/Earth Science Regents examinations. This will help you to identify your areas of weakness and to locate questions to review particular earth science concepts. Refer to “How to Use the Topic Outline” and Self-Analysis Charts for more detailed instructions.

        (6) Test-Taking Tips. These helpful tips and strategies will help you to increase your grade on the Physical Setting/Earth Science Regents examination.

         The author would like to acknowledge his editor, Linda Turner, for her invaluable assistance in writing and producing this book; his wife, Gerry, for her infinite patience; and his children, Merry, Abby, and Ben, for being a constant source of joy.

    
        
            

        

        How to Use This Book

        FORMAT OF THE PHYSICAL SETTING/EARTH SCIENCE REGENTS EXAMINATION

        The examination consists of a performance portion containing three tasks to measure laboratory skills and a written portion containing  multiple-choice, constructed-response, and extended constructed-response questions. You will be required to answer ALL of the questions on the Physical Setting/Earth Science Regents examination.

        The Laboratory Performance Test

        Since laboratory experiences are an essential part of a science course, a portion of the Physical Setting/Earth Science Regents examination is devoted to assessing laboratory skills. Tasks have been identified from laboratory experiments that you will have performed during the school year. These tasks, which represent skills that you are expected to have mastered, change only slightly, if at all, from year to year.

        The performance portion of the examination is administered separately from the written portion, normally two weeks earlier. Arrangements for administering the performance portion are made at each school in accordance with guidelines set by the New York State Education Department.

        The scoring for each task is based upon accuracy. Values within a certain range are granted the full point value allotted to each task.

        Additional information regarding the performance portion, including an indication of the three tasks to be completed, will be provided by your teacher when this portion of the examination is given. The following is an outline of these tasks. The time allowed for completing the tasks at each station is 9 minutes.

        Note: The following description represents the information that the State Education Department has stated may be shared with students before taking the performance portion of the examination. You should be familiar with the skills being assessed because you have used them in laborato­ry activities throughout the year. However, you will not be allowed to practice the entire test or any of the individual stations before this per­formance component is administered.

        Station 1 . . Mineral and Rock Identification


        The student determines the properties of a mineral and identifies that mineral using a flowchart. Then the student classifies two different rock samples and states a reason for each classification based on observed characteristics.

        Station 2 . . Locating an Epicenter


        The student determines the location of an earthquake epicenter using various types of data that were recorded at three seismic stations.

        Station 3 . . ­Constructing and Analyzing an Asteroid’s Elliptical Orbit


        The student constructs a model of an asteroid’s elliptical orbit and compares the eccentricity of the orbit with that of a given planet.

        The Written Test

        The written portion of the Physical Setting/Earth Science Regents examination represents 85 points of the total score and has three parts: A, B, and C. You should be prepared to answer questions in multiple-choice, constructed-response, and extended constructed-response formats. Questions will be content- and skills-based and may require you to graph data, complete a data table, label or draw diagrams, design experiments, make calculations, or write short or extended responses.  In addition, you may be required to hypothesize, to interpret, analyze, or evaluate data, or to apply your scientific knowledge and skills to real-world situations. Some of the questions will require use of the 2011 Edition of the Reference Tables for Physical Setting/Earth Science.

        
            You will be required to answer ALL of the questions in the  Physical Setting/Earth Science Regents examination!

        

        The following is a brief description of the types of questions comprising each part of the examination:

        Part A—­Multiple Choice  A multiple-choice question offers several answers from which you choose the one that best answers the question or completes the statement. Part A of the exam focuses on earth science content from Standard 4 (see Topic Outline) and represents 30–40 percent of the examination. Many practice questions of this type from previous Regents examinations are included at the end of each chapter.

        Part B—­Multiple Choice (B-1) and Constructed Response(B-2)  In a constructed-response question there is no list of choices from which to choose an answer; rather you are required to provide the answer. Constructed-response questions test skills ranging from constructing graphs or topographic maps to formulating hypotheses, evaluating experimental designs, and drawing conclusions based upon data. In Part B, which represents 25–35 percent of the examination, you are asked to demonstrate skills identified in Standards 1, 2, 6, and 7 in the context of earth science. Practice questions of this type are also included at the end of each chapter.

        Part C—­Extended Constructed Response  These are constructed-response questions that require more time (15–20 minutes per item) and effort on your part to answer.  Questions in Part C require you to apply your earth science knowledge and skills to real-world problems and applications. You may be asked to write short essays, design controlled experiments, predict outcomes, or analyze the risks and benefits of various solutions to a problem. Part C represents 15–25 percent of the examination. Again, practice questions are provided at the end of most chapters.

        You should review constructed-response and extended constructed-response questions from previ­ous examinations to familiarize yourself with these types of questions. Parts B and C are recent additions, and each examination may contain questions unlike those in previous exams. Keep these points in mind:

        
            	Write complete sentences whenever you are asked to answer in your own words.

            	Show all work, and use correct units in mathematical problems.

            	Be able to interpret map scales and legends, to construct isolines, and to draw profiles.

        

        Although the questions on each written test are unique, they are similar to questions on past Regents examinations. By studying questions that have been asked in the past, therefore, you can strengthen your skills and knowledge in preparation for the examination you will take.

    
        
        

        CONTENTS OF THIS BOOK

        The Topic Outline and the Reference Tables for Physical Setting/Earth Science

        The first part of this book consists of two special features, the Topic Outline and the Earth Science Reference Tables. For detailed instructions on how to use the Topic Outline, see page 28. The Reference Tables for Physical Setting/Earth Science in this book are the same ones that are provided to students for use while taking the Regents examination. You should be familiar with these tables at the time of the exam, since you will have used them during the school year. Some questions require the use of these tables, and this fact is usually indicated in the question. For other questions you may find information in the tables helpful. It is therefore a good idea to become generally familiar with what is contained in the tables. For the Physical Setting/Earth Science exam, use the tables beginning on page 41.

        Regents Examinations and Answers

        In the second, much longer part of the book there are five Physical Setting/Earth Science Regents examinations with Answer Keys. Every correct answer is fully explained. Also, to help clear up misconceptions that may lead students astray, in many cases explanations for wrong answers are provided as well.

        The Self-Analysis Chart

        At the end of the Answers section for each examination, a Self-Analysis Chart is provided to aid you in pinpointing your areas of weakness. The upper portion of the chart, labeled “Standards 1, 2, 6, and 7: Skills and Applications” lists the numbers of questions requiring the use of specific skills, or the ability to apply knowledge. These skills and abilities are described more completely in the Major Understandings of  Standards 1, 2, 6, and 7 listed in the Topic Outline. The lower portion of the chart, labeled “Standard 4: The Physical Setting/Earth Science” lists the numbers of questions requiring knowledge of specific earth science concepts and is subdivided into sections labeled “Astronomy,” “Geology,” and “Meteorology.” These concepts are described more completely in the Major Understandings of Standard 4 listed in the Topic Outline.

        Many question numbers may appear in both portions of the chart because many questions involve using a skill, such as deductive reasoning, together with your knowledge of specific earth science concepts to answer the question. Therefore, you should consider these two sections of the chart independently, using the upper section of the Self-Analysis Chart to pinpoint areas of weakness in your skills, and the lower section of the chart to pinpoint areas of weakness in your knowledge of earth science concepts.

    
        
            Test-Taking Tips

             The following pages contain several tips to help you achieve a good grade on the Physical Setting/Earth Science Regents exam. They are divided into GENERAL HELPFUL TIPS and SPECIFIC HELPFUL TIPS.

            General Helpful Tips

            
                TIP 1

                Be Confident and Prepared

            

            Suggestions

            
                	Review previous tests.

                	Use a clock or watch, and take previous exams at home under examination conditions (i.e., don’t have the radio or television on).

                	Get a review book. (The preferred book is Barron’s Let’s Review: Earth Science.)

                	Talk over the answers to questions on these tests with someone else, such as another student in your class or someone at home.

                	Finish all your homework assignments.

                	Look over classroom exams that your teacher gave during the term.

                	Take class notes carefully.

                	Practice good study habits.

                	Know that there are answers for every question.

                	Be aware that the people who made up the Regents exam want you to pass.

                	Remember that thousands of students over the last few years have taken and passed an Earth Science Regents. You can pass too!

                	On the night prior to the exam day, lay out all the things you will need, such as clothing, pens, and admission cards.

                	Go to bed early; eat wisely.

                	Bring at least two pens to the exam room.

                	Bring your favorite good luck charm/jewelry to the exam.

                	Once you are in the exam room, arrange things, get comfortable, be relaxed, attend to personal needs (the bathroom).

                	Keep your eyes on your own paper; do not let them wander over to anyone else’s paper.

                	Be polite in making any reasonable requests of the exam room proctor, such as changing your seat or having window shades raised or lowered.

            

            
                TIP 2

                Read Test Instructions and Questions Carefully

            

            Suggestions

            
                	Be familiar with the test directions ahead of time.

                	Decide upon the task(s) that you have to complete.

                	Know how the test will be graded.

                	Know which question or questions are worth the most points.

                	Give only the information that is requested.

                	Where a choice of questions exists, read all of them and answer only the number requested.

                	Underline important words and phrases.

                	Ask for assistance from the exam room proctor if you do not understand the directions.

            

            
                TIP 3

                Budget Your Test Time in a Balanced Manner

            

            Suggestions

            
                	Bring a watch or clock to the test.

                	Know how much time is allowed.

                	Arrive on time; leave your home earlier than usual.

                	Prepare a time schedule and try to stick to it. Remember that Regents exams are longer than classroom tests, so you will need to pace yourself accordingly.

                	Answer the easier questions first.

                	Devote more time to the harder questions and to those worth more credit.

                	Don’t get “hung up” on a question that is proving to be very difficult; go on to another question and return later to the difficult one.

                	Ask the exam room proctor for permission to go to the lavatory, if necessary, or if only to “take a break” from sitting in the room.

                	Plan to stay in the room for the entire three hours. If you finish early, read over your work—there may be some things that you omitted or that you may wish to add. You also may wish to refine your grammar, spelling, and penmanship.

            

            
                TIP 4

                Be “Kind” to the Exam Grader/Evaluator

            

            Suggestions

            
                	Assume that you are the teacher grading/evaluating your test paper.

                	Answer questions in an orderly sequence.

                	Write legibly.

                	Answer Part C questions with complete sentences.

                	Proofread your answers prior to submitting your exam paper.

            

            
                TIP 5

                Use Your Reasoning Skills

            

            Suggestions

            
                	Answer all questions.

                	Relate (connect) the question to anything that you studied, wrote in your notebook, or heard your teacher say in class.

                	Relate (connect) the question to any film you saw in class, any project you did, or to anything you may have learned from newspapers, magazines, or television.

                	Decide whether your answers would be approved by your teacher.

                	Look over the entire test to see whether one part of it can help you answer another part.

                	Be cautious when changing an answer. Try to remember why you selected the first answer to be sure that the new answer is better.

            

            
                TIP 6

                Don’t Be Afraid to Guess

            

            Suggestions

            
                	In general, go with your first answer choice.

                	Eliminate obvious incorrect choices.

                	If you are still unsure of an answer, make an educated guess.

                	 There is no penalty for guessing; therefore, answer ALL questions. An omitted answer gets no credit.

            

            Let’s now review the six GENERAL HELPFUL TIPS for short-answer questions:

            
                SUMMARY OF TIPS

                
                    	Be confident and prepared.

                    	Read test instructions and questions carefully.

                    	Budget your test time in a balanced manner.

                    	Be “kind” to the exam grader/evaluator.

                    	Use your reasoning skills.

                    	Don’t be afraid to guess.

                

            

        

    
        
            Specific Helpful Tips for the Multiple-Choice Questions

            
                TIP 1

                Read the Question and Try to Answer It Before Looking at the Possible Choices

            

            

             Thinking out the answer to a question before looking at the possible choices stimulates your memory. Key facts, concepts, and relationships come to mind. If the answer you anticipated is among the possible choices, it is likely to be the correct one. But keep reading through all the choices! By thinking of the answer first, you are less likely to be fooled by a wrong answer. But if you don’t read all of the choices, you might miss a more correct or more complete choice farther down the list.

            Example

            Earth’s hydrosphere is best described as the

            
                	solid outer layer of Earth

                	liquid outer layer of Earth

                	magma layer located below Earth’s stiffer mantle

                	gaseous layer extending several hundred kilometers from Earth into space

            

             As you read the question, you will probably think of the terms litho­sphere, hydrosphere, and atmosphere. You may recall that “hydro” refers to water and remember that the hydrosphere is all the liquid water resting on the lithosphere. Therefore, you anticipate an answer referring to Earth’s layer of liquid water. With this in mind, you recognize that the correct answer is choice 2, because choice 1 refers to a solid layer, choice 4 refers to a gaseous layer, and choice 3 refers to a layer of magma, which is liquid rock—not liquid water.

            
                TIP 2

                Always Read All of the Choices Before Choosing an Answer

            

            

             Read the question and all of the choices carefully. Make sure you are reading exactly what has been written and not just skimming for words that you are anticipating. Continue reading even if you find your anticipated answer because there may be a more complete or more correct answer farther down the list.

            Example

            The length of an Earth year is based on Earth’s

            
                	rotation of 15°/hr

                	revolution of 15°/hr

                	rotation of approximately 1°/day

                	revolution of approximately 1°/day

            

             When reading this question you might anticipate that Earth’s year is based on its revolution around the Sun. If you rushed through the answers and chose the first one to mention revolution—choice 2—you would miss this question. If you carefully read all of the choices, you realize that both choice 2 and choice 4 refer to revolution, and that choice 4 also correctly states the rate at which Earth revolves.

            
                TIP 3

                Answer the Easy Questions First; Do Not Spend Too  Much Time on Any One Question

            

            

             In this part of the test, all of the questions have the same value. You get as much credit for an easy question as a hard one. Don’t waste a lot of time on questions you can’t answer quickly. Answer all of the easy questions first, then go back and figure out the hard ones in the time left over. Easy questions usually contain short sentences and answers with few words. The question can usually be answered quickly from the information presented.

            Example

            An air mass classified as mT usually forms over which type of Earth surface?

            
                	cool land

                	cool water

                	warm land

                	warm water

            

            The correct answer, choice 4, is obvious if you know that mT stands for maritime tropical. Since tropical means warm and maritime refers to the sea, such an air mass usually forms over warm water. But if you don’t know what mT means, and don’t realize you can find its meaning in the Reference Tables for Physical Setting/Earth Science, don’t waste a lot of time on the question.

            
                TIP 4

                Look for and Underline Key Words or Phrases in the Question That Tell You What the Questioner Wants You  to Do

            

            

            Read every word of the question. Make sure you understand what is being asked before you move to the possible answers. Sometimes there are key words or phrases that will help you pick the correct answer. Some examples of key words are all, none, some, most, never, always, least, greatest, less, more, maximum, minimum, highest, lowest, average, most nearly, and best. Pay careful attention to these words. If you overlook a key word, you may miss a question to which you really know the answer.

            Example

            A student read in a newspaper that the maximum length of the daylight period for the year in Syracuse, New York, had just been reached. What was the date of the newspaper?

            
                	March 22

                	June 22

                	September 22

                	December 22

            

            The key phrase in the question is “the maximum length of the daylight period for the year” and the question asks for the “date” on which this was reported in a newspaper. The questioner wants you to choose that date on which the daylight period is at a maximum. Since the longest period of daylight in New York State occurs at the summer  solstice, June 21, the newspaper probably reported it the next day, June 22—choice 2.

            
                TIP 5

                Use Partial Knowledge to Eliminate Wrong Choices

            

            

             When you have been through all the questions once, go back and find questions about which you have some knowledge. Read all of the possible choices and use your partial knowledge to eliminate one or two of the answers. Cross off incorrect choices to narrow possible answers. Then choose between the remaining answers. If you can eliminate two wrong answers, your chance of guessing the right answer is greater.

            Example

            In which list are celestial features correctly shown in order of increasing size?

            
                	galaxy → solar system → universe → planet

                	solar system → galaxy → planet → universe

                	planet → solar system → galaxy → universe

                	 universe → galaxy → solar system → planet

            

            Let’s suppose you know that the universe is the biggest feature because it contains all the others. You think a planet might be the smallest of the features, but you are not absolutely sure. You have no idea of the sizes of the other features. You can use this partial knowledge to greatly increase your chances of guessing correctly. Because the question asks which list shows the features in order of increasing size, the list should end with the largest feature—the universe. Therefore, you can eliminate choices 1 and 4. Of the remaining two choices, you would then guess the answer to be choice 3, since you think a planet might be the smallest feature. And choice 3 is the correct answer.

            
                TIP 6

                Look for Clues Among the Choices in the Question, and Use Information from One Part of the Test to Help You with Others

            

            

             By reading questions and choices carefully, you may often find words or phrases that provide clues to an answer. This tip is important because, if you are alert, you may find links and connections between various questions on the exam. One question may give you a clue (or even an answer) to another question.

            Example

            The diagram below represents part of Earth’s latitude-longitude system.

            
                [image: ]
            

            What is the latitude and longitude of point L?

            
                	5° E 30° N

                	5° W 30° S

                	5° N 30° E

                	5° S 30° W

            

             The first clue is that all of the possible answers give 5° and 30° as the coordinates of point L. If you look at the axes, you see that 5° is  the coordinate of point L on the vertical axis to the right.
                
                Next you should realize that the vertical axis is a North-South axis, and you can eliminate choices 1 and 2 because they give the 5° coordinates as East or West. If the vertical axis is a North-South axis, coordinates above the 0° mark (the Equator) are N; those below it are S. Since point L is 5° below the 0° mark, it is an S coordinate, as shown in only one of the remaining choices—choice 4.

            
                TIP 7

                Know What Is in the Reference Tables for Physical  Setting/Earth Science, and Carefully Examine Any  Diagrams, Graphs, or Tables Given with a Question

            

            

             Many questions expect you to apply what these graphs, tables, and diagrams contain. If you can’t answer a question with the information given, there is a good chance that you will find the information you need in the Reference Tables for Physical Setting/Earth Science.

            Example 1

            You need information given in the Reference Tables for Physical Setting/Earth Science  to answer the question.

            The air outside a classroom has a dry-bulb temperature of 10°C and a wet-bulb temperature of 4°C. What is the  relative humidity of the air?

            
                	  1%

                	  14%

                	  33%

                	 54%

            

             In this question, you must know that there is a chart in the Reference Tables for Physical Setting/Earth Science that can be used to determine relative humidity given wet- and dry-bulb temperatures. If you know how to use this chart, you look for the intersection of the dry-bulb temperature and the difference between the wet- and dry-bulb temperatures, that is, the intersection of the row for 10°C and the column for 6°C, where you find the value for the % Relative Humidity—33—choice 3.

            Example 2

            You need to apply information in a chart, graph, or diagram given with the question.

            The table below shows the noontime data for air pressure and air temperature at a location over a period of 1 week.

            
                [image: ]
            

            Based on the data provided, which air pressure would most likely occur at noon on November 15?

            
                	987 mb

                	1,015 mb

                	1,017 mb

                	1,022 mb

            

            In this question, you need to apply the information in the chart. By carefully examining the data in the table, you see that as air temperature increases, air pressure decreases. Note that as temperature goes from 1°C to 5°C to 6°C, the air pressure goes from 1,024   mb to  1,013  mb to 998  mb. Therefore, if the temperature increases to 10°C, the air pressure should drop even lower than 998  mb. Now read the choices and note that only one is lower than 998  mb, choice 1—987  mb.

            
                TIP 8

                Do Not Choose an Answer That Contains an Element of Truth but That Is Incorrect as It Relates to the Question

            

            

             It is very important to remember that just because a statement is true, or contains an element of truth, does not mean that it is the correct answer to the question. Statements that are true, or partially true, make attractive distractors (wrong answers). Several answers may contain an element of truth, but you must decide which one is related most directly to the question.

            Example

            Major ocean and air currents appear to curve to the right in the Northern Hemisphere because

            
                	Earth has seasons

                	Earth’s axis is tilted

                	Earth rotates on its axis

                	Earth revolves around the Sun

            

             Each of the answer choices is a true statement. However, the question focuses on the curving of major ocean and air currents, that is, the Coriolis Effect. If you understand the Coriolis Effect, you know that its primary cause is Earth’s rotation on its axis—choice 3.

            
                TIP 9

                Beware of Broad, Sweeping Generalizations in the Answer Choices—They Are Generally Incorrect

            

            

             Pay careful attention to the use of words such as always, never, only, must, and so on. Such words usually make general statements improbable. This tip is particularly helpful when two or more choices may be correct. Often, the broadest, most inclusive choice is correct because it may include the other choice(s). 

            Example

            According to the Rock Cycle in Earth’s Crust diagram in the Reference Tables for Physical Setting/Earth Science, which type(s) of rock can be the source of deposited  sediments?

            
                	igneous and metamorphic rocks, only

                	metamorphic and sedimentary rocks, only

                	sedimentary rocks, only

                	igneous, metamorphic, and sedimentary rocks

            

             In this question, the best answer is choice 4—it is the least restrictive, includes all the other choices, and gives the broadest possibilities.

            
                TIP 10

                Don’t Be Afraid to Guess If You’re Not Sure of the  Correct Answer, but Do Not Keep Changing Your  Answer

            

            

             If you are not sure of an answer, don’t be afraid to guess. You have nothing to lose if you guess wrong. A wrong answer and no answer are both worth zero points. However, the correct answer is right there on the page, and if you guess correctly, you can increase your point score. If you can eliminate one or more wrong answers before guessing, your chance of choosing the correct answer jumps from one in four to one in three, or one in two. But don’t think that you can pass a Regents exam by guessing; the odds are that if you guessed on every question, you would get one in four correct—and score a 25 on the exam! There is no substitute for careful, diligent preparation for the exam.

             If you do have to guess, make an educated guess. An educated guess is made by considering the options and focusing on what you do know. Use what you do know to eliminate improbable answers. Then read the question and answer as a complete sentence and ask yourself if it is true, or sounds true. Often, when reading the choices to yourself, one of the answers will “sound right.”

             Once you have made your choice, be slow to change your answer without a good reason, because research shows that a person’s first choices are usually correct. Most people who change their answers change from a correct one to a wrong one. Choose the answer that seems best to you and move on to the next question. Change your answer only if you are absolutely sure you made a mistake (for  example, if another question on the test reminds you of the correct answer).

            Example

            In Earth’s geologic past there were long periods that were much warmer than the present climate. What is the primary evidence that these long warm periods existed?

            
                	United States National Weather Service records

                	polar magnetic directions preserved in the rock record

                	radioactive decay rates

                	plant and animal fossils

            

             Suppose you had no idea how to answer this question. You could use what you do know to make an educated guess. You do know that Earth’s geologic past covers billions of years. You do know that the United States didn’t exist until the late 1700s. So you can eliminate choice 1 because it is unlikely that USNWS records go back far enough to tell you about long warm periods in Earth’s geologic past. You also know that compasses work in both winter and summer, so you have the idea that Earth’s magnetic field doesn’t really change with temperature. So now you eliminate choice 2. You remember reading something about radioactive decay and heat, and you know that the plants and animals that live in places with warm climates are very different from those that live in cold climates. At least, though, you’ve narrowed it down to two choices. Because you are more sure of the connection between climate, plants, and animals, you select choice 4 as your answer—and get the question right!

            
                SUMMARY OF TIPS

                
                    	Read the question and try to answer it before looking at the possible choices.

                    	Always read all  of the choices before choosing an answer.

                    	Answer the easy questions first; do not spend too much time on any one question.

                    	Look for and underline key words or phrases in the question that tell you what the questioner wants you to do.

                    	Use partial knowledge to eliminate wrong choices.

                    	Look for clues among the choices in the question, and use information from one part of the test to help you with  others.

                    	Know what is in the Reference Tables for Physical Setting/Earth Science, and carefully examine any diagrams, graphs, or tables given with a question.

                    	Do not choose an answer that contains an element of truth but that is incorrect as it relates to the question.

                    	Beware of broad, sweeping generalizations in the answer choices—they are generally incorrect.

                    	Don’t be afraid to guess if you’re not sure of the correct answer, but do not keep changing your answer.

                

            

        

    
        
            Helpful Tips for Questions on Parts B and C

        

        
            Part B includes both multiple-choice and constructed-response questions and represents 25–35 percent of the examination. Part C consists of extended constructed-response questions and represents 15–25 percent of the examination. The precise number of questions in each part may vary from year to year. Some questions may require the use of the Reference Tables for Physical Setting/Earth Science.  

            
                TIP 1

                Know What a Constructed-Response Question Is

            

            

             “Constructed-response” means that you must provide, in writing, your own response to a question, rather than choosing your answer from a list of possible choices. There are two types of constructed-response questions: open-response and free-response. For an open-response question, there is only one correct answer, while a free-response question has many alternative answers.

            Example of an open-response question:

             Base your answers to questions 80 and 81 on the diagram below and on your knowledge of earth science. The diagram represents the apparent path of the Sun on the dates indicated for an observer in New York State. The diagram also shows the angle of Polaris above the horizon.

            
                [image: ]
            

            
                	
                    State the latitude of the location represented by the diagram  to the nearest degree. Include the latitude direction in your answer. [2]

                     This is an open-response question; it has only one possible answer: 43°N. 

                    Example of a free-response question.

                

                	
                    The climate of most locations near the Equator is warm and moist.

                

            

            (a) Explain why the climate is warm. [1]

            
             (b) Explain why the climate is moist.   [1]

 
             Although an acceptable response must be scientifically correct, there are many alternative ways of expressing your answer to this question. Therefore, it is a free-response question.

             Acceptable answers to (a) might include statements such as these:  “Locations near the Equator receive more direct sunlight” and “The intensity of sunlight is greater near the Equator.” Both responses, although different, would receive full credit.

            
                Tip 2

                Know What an Extended Constructed-Response  Question Is

            

            

            Extended constructed-response questions are constructed-response questions that require more time and effort on your part to answer. These questions often have multiple parts and higher point values and may require you to graph data, complete a data table, label or draw diagrams, design experiments, make calculations, or write short or extended responses. In addition, you may be required to hypothesize, interpret, analyze, or evaluate data, or apply your scientific knowledge and skills to real-world situations.  

            
                Tip 3

                Understand Why These Kinds of Questions Are on the Examination

            

            

            Constructed-response and extended constructed-response questions are designed to:

            
                	Assess your understanding of earth science concepts rather than straight recall of factual information.

                	Require you to demonstrate that you can “pull all the pieces together,” that is, integrate data, to solve a problem.

                	Provide insight into how you think by requiring you to defend your answer in writing or to show all of your work.

                	Assess knowledge and skills that cannot easily be assessed using a multiple-choice format.

            

            
                Tip 4

                Know What Will Be Expected of You for These Parts  of the Examination

            

            

            Parts B-2 and C of the examination will require you to demonstrate in a variety of ways that you have certain knowledge, skills, and abilities.  You may be asked to construct a graph or draw a diagram. You may be asked to solve a mathematical problem, showing all of your work. You may be asked to provide explanations for physical phenomena or to write an essay on a topic in earth science. 

            Some of the skills and abilities that may be assessed in Parts B-2 and C of the examination are:

            
                	Apply the concepts of eccentricity, rate, gradient, standard error of measurement, and density in context.

                	Determine the relationships among velocity, slope, sediment size, channel shape, and volume of a stream.

                	Understand the relationships among the planets’ distances from the Sun, gravitational forces, periods of revolution, and speeds of revolution.

                	In a field, use isolines to determine a source of pollution.

                	Show how observations of celestial motions supports the early idea that stars moved around a stationary Earth (the geocentric model), but further investigation led scientists to understand that most of these motions are a result of Earth’s revolution around the Sun (the heliocentric model).

                	Design an experiment to test sediment properties and the rate of deposition of particles.

                	Graph the changing length of a shadow based on the motion of the Sun.

                	Analyze patterns of topography and drainage, and design solutions to deal effectively with runoff.

                	Analyze weather maps to predict future weather events.

                	Critique printed or electronic materials that exemplify miscommunication and/or misconceptions of current commonly accepted scientific knowledge.

                	Discuss how early warning systems can protect society and the environment from natural disasters such as hurricanes, tornadoes, earthquakes, tsunamis, floods, and volcanoes.

                	Analyze a depositional-erosional system of a stream.

                	Draw a simple contour map of a model landform.

                	Construct and interpret a profile based on an isoline map.

                	Use flowcharts to identify rocks and minerals.

                	Develop a scale model to represent planet size and/or distance from the Sun.

                	Develop a scale model of units of geologic time.

                	Use topographical maps to determine distances and elevations. 

                	Analyze the interrelationship between gravity and inertia and its effects on the orbits of planets or satellites.

                	Graph and interpret the nature of cyclic changes such as sunspots, tides, and atmospheric carbon dioxide concentrations.

                	Determine, based on current data of plate movements, past and future positions of land masses.

                	Using given weather data, identify the interface between air masses, such as cold fronts, warm fronts, and stationary fronts.

                	Compare and contrast the effects of human activities as they relate to quality of life on Earth systems (global warming, land use, preservation of natural resources, pollution).

                	Analyze the issues related to local energy needs and develop a viable energy-generation plan for a community.

                	Evaluate the political, economic, and environmental impacts of global distribution and use of mineral resources and fossil fuels.

                	Consider the environmental and social implications of various solutions to a specific environmental Earth resources problem.

                	Using a topographic map, determine the safest and most efficient route for rescue purposes.

            

            A complete list of skills and abilities is described in greater detail in Standards 1, 2, 6, and 7 of the Topic Outline and Index.

            
                Tip 5

                Work to Improve Your Score on These Types of Questions

            

            

            
                	
                    Determine what the question is asking you to do. Underline key words in the question.

                    Most questions of this type have an action word that identifies what you must do to earn points.

                    Below, the action words in a question you looked at earlier are bold and underlined.  Other key words are underlined.

                

            

            State the latitude of the location represented by the diagram to the nearest degree. Include the latitude direction in your answer.  [2]

            
                	
                    Check to see what points are being awarded for.

                    The points are listed in brackets after each question. If more than one point is being awarded, you can usually make a good guess about what each point will be given for if you read the question again carefully.  In the example above, you have probably guessed that one point is given for stating the latitude to the nearest degree, and one point is given for including the correct direction. The answer is 43° North. If you wrote just 43°, you would get only one point. For full credit you must state both 43° and North (or N).

                

                	
                    Always include units in your answers, and check to make sure that the form of your answer matches the form asked for in the question.

                    Consider this example:

                    
                        
                            
                                
                                    	
                                        Air Temperature

                                    
                                    	
                                        21°C

                                    
                                

                                
                                    	
                                        Barometric Pressure

                                    
                                    	
                                        993.1 mb

                                    
                                

                                
                                    	
                                        Wind Direction

                                    
                                    	
                                        From the east

                                    
                                

                                
                                    	
                                        Windspeed

                                    
                                    	
                                        25 knots

                                    
                                

                            
                        

                    

                

            

            State the barometric pressure in its proper form, as used on a station model.

             What you are asked to do is state the barometric pressure. However, if you write 993.1 mb, your answer will be marked incorrect because the form asked for is “as used on a station model.” On a station model, the decimal point is dropped and the last three digits only are listed. Your answer should be given as 931 because that is what would appear on a station model.

            
                	
                    When asked to respond in the form of a statement or essay, use complete sentences and organize your answer carefully.

                    A complete sentence begins with a capital letter, has a subject  and a verb, and ends with a period. Very often, a point is awarded solely for answering in a complete sentence—even if the answer is wrong! Therefore, read over your statements or essays carefully.

                

                	
                    Examine the answer sheet for Part B-2 or C for clues to how the question is to be answered.

                    The answer sheet for Part B-2 or C will often give you a format for answering the question. For example, the answer sheet for the question below provides several blank lines, so you are probably being asked to write a short essay.

                

            

            
                	Using one or more complete sentences, state one reason that ultraviolet rays are dangerous.  [2]


            

            
             If the answer sheet has a blank graph, you are probably being asked to construct a graph. Be sure to include all elements asked for in the question. For example, on the graph below you must not only plot points but also plot them with specific shapes, label axes, and choose an appropriate scale for each axis.

            
                	
                    Plot the data for rock sample A for the 20 minutes of the investigation. Surround each point with a small circle and connect the points.  [1]

                     Example: 

                    
                        [image: ]
                    

                

                	
                    Plot the data for rock sample B for the 20 minutes of the investigation. Surround each point with a small triangle and connect the points.  [1]

                     Example:

                    
                        [image: ]
                    

                

                	
                    Plot the data for rock sample C for the 20 minutes of the investigation. Surround each point with a small square and connect the points.  [1] 

                     Example:

                    
                        [image: ]
                    

                

            

            
                [image: ]
            

            
                	
                     Review questions from Parts B-2 and C of the sample exams.

                    Use the Answers Explained sections of this book to review how questions of these types are answered and how point values are awarded. Focus on the kinds of questions being asked rather than on specific questions.

                

            

        

    

Topic Outline and Question Index




HOW TO USE THE TOPIC OUTLINE FOR THE PHYSICAL SETTING/EARTH SCIENCE EXAMINATION

The Topic Outline follows the organization of the Physical Setting/Earth Science Core Curriculum, which was written to accompany the New York State Mathematics, Science, and Technology Learning Standards, which are organized in the following way:

STANDARDS – statements of what you are expected to know and be able to do


	
KEY IDEAS – broad, unifying, general statements of the most important ideas relating to the Standard

	
PERFORMANCE INDICATORS – statements describing how you should be able to demonstrate that you understand the Key Ideas

	 MAJOR UNDERSTANDINGS – specific statements of underlying concepts needed to do the things described in the Performance Indicators




The Topic Outline is divided into the five Standards (Standards 1, 2, 4, 6, and 7) that will be addressed on the Physical Setting/Earth Science Regents examination. Each Standard is subdivided into Key Ideas. Each Key Idea is further subdivided into Performance Indicators and their associated Major Understandings, so that you may locate questions for individual concepts. Suppose, for example, you wish to check your mastery of concepts related to tectonic plate boundaries. If you look in the Topic Outline under Standard 4, Key Idea 2, Performance Indicator 2.1, Major Understanding 2.1ℓ, you will find “The lithosphere consists of separate plates that ride on the more fluid asthenosphere and move slowly in relationship to one another, creating convergent, divergent, and transform plate boundaries.” By following a parallel line across the page, you can locate appropriate questions from past examinations. On the June 2012 exam, for example, question 85 tests concepts related to plate boundaries. In a similar manner, you can locate questions on this topic from other past examinations.

When you have identified questions from the Topic Outline, turn to the appropriate examination in the book for the first keyed question. Try to answer it, and then check your response, reviewing explanations where desirable. Continue in this manner for other keyed questions.

You will notice that for some headings in the Topic Outline there is more than one test item on a particular examination. This usually occurs because more than one concept is involved. To find a question on a particular concept, you may find it necessary to check the keyed questions on several examinations.




        
            TOPIC OUTLINE AND QUESTION INDEX—PHYSICAL SETTING/EARTH SCIENCE EXAMINATION

        

        
            
            
            
            
            
            
            
            
            
            
            
        

    



Earth Science  Reference Tables and Charts
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            Glossary of Earth  Science Terms

        

        
            abrasion the wearing away of rock material that results when one rock particle strikes another. In stream abrasion, particles carried by the stream may strike other particles, causing pieces to break off.

            adiabatic change the change in temperature of a gas caused by expansion or compression. When a gas expands, for example, it cools and its temperature drops.

            air mass a large area in the atmosphere in which the temperature and moisture conditions are similar.

            altitude the angle between the line of sight to a star and the horizon; also, the elevation above sea level.

            angle of insolation the angle at which the Sun’s rays strike the Earth’s surface.

            anticline a series of folded rock layers that bends upward near the center. See also  syncline.

            apparent diameter the size that an object appears to an observer. When objects are close by, they appear larger than when they are farther away.

            asthenosphere a region of the upper mantle between 100 and 350 kilometers in depth that behaves like a fluid.

            atmosphere the envelope of air that encircles Earth. It has been divided into zones based largely on temperature differences.

            axis an imaginary line around which an object rotates. Earth’s axis extends from the North Pole to the South Pole.

            barometer an instrument for measuring atmospheric pressure.

            barometric pressure the amount of force exerted by the air per square inch or centimeter at a particular location.

            bedrock the rock layer nearest Earth’s surface, lying directly below any soil layers.

            Big Bang theory the idea that the universe started out with all of its matter in a small volume and then expanded outward in all directions.

            bioclastic a sedimentary rock consisting of fragmental or broken remains of organisms, such as limestone composed of shell fragments.

            boiling point the temperature at which a liquid changes to a vapor.

            capillarity (capillary action) the rising of water against gravity, as when water rises above the water table in soil because of the attraction between the water and the soil.

            cementation the process by which sediments are bonded together by material dissolved in water when the water evaporates.

            chemical weathering weathering that occurs because of the chemical reaction between material dissolved in water and local rock material. See also  physical weathering.

            cleavage the splitting of a mineral in distinctive directions caused by the arrangement of the atoms in a mineral. For example, the mineral mica cleaves in layers because the atoms in the crystal structure of mica are arranged in layers.

            climate the average weather conditions, in terms of temperature and moisture, of an area over a long period of time.

            clouds masses of water droplets suspended in the air. They form when air is cooled and moisture condenses.

            cold front the boundary between two air masses of different temperatures, the point where the colder air mass moves under and pushes up the warmer air mass. See also  warm front.

            compaction the process that results when buried sediments are subjected to pressure, which packs them together. Together with cementation, this process causes sediments to be converted to rock.

            condensation the process whereby, when moisture in the atmosphere is cooled, it changes from a vapor to a liquid.

            conduction the method of heat transfer in solids in which faster moving molecules strike other molecules, causing them to speed up.

            contact metamorphism changes in rock that result from the extreme heat produced by contact with magma or lava.

            continental air mass an air mass that forms over land and therefore is relatively dry.

            continental drift a hypothetical slow movement of the continents, which forms the basis of the theory that the present continents were once part of one large landmass that broke up. Since that time, the continents have been drifting apart.

            continental glacier a large sheet of ice that covered much of a  continent during a period of Earth’s past geologic history.

            contour interval the differences in elevation between contour lines on a contour or topographic map.

            contour line a line on a topographic map that connects points  having the same elevation.

            contour map See  topographic map.

            convection  the method of energy transfer in fluids in which the fluid expands when it is heated and rises. When the fluid cools, it contracts and sinks.

            convection cell the circular pattern of movement in a fluid caused by the rising and sinking of the fluid due to differences in density caused by differences in temperature.

            convergent boundary places where edges of adjacent plates are colliding.

            core the innermost zone of Earth’s interior. A solid inner core is surrounded by a molten outer core.

            coriolis effect an apparent force, due to the rotation of the Earth, that deflects winds toward the right in the Northern Hemisphere and toward the left in the Southern Hemisphere.

            correlation the matching of rock layers at different locations, based on composition, thickness, and in some cases fossil content, for the purpose of establishing that they represent the same rock layer.

            cosmic background radiation a remnant of radiation left over from the original Big Bang that fills the universe.

            crust the outermost solid layer of Earth, extending across the continents and under the oceans. It is thicker under the continents than under the oceans.

            density the mass per unit volume of a substance.

            deposition the process by which material carried by running water, glaciers, or wind settles out when the velocity of the carrier slows down.

            dew moisture that condenses at Earth’s surface when moist air touches a cool area.

            dewpoint temperature the temperature at which the air becomes saturated and excess moisture begins to condense.

            dike a rock layer that forms when molten rock material flows through breaks in rock layers and then cools and hardens.

            discharge the total volume of water flowing in a river or stream per unit of time.

            divergent boundary places where edges of adjacent plates are spreading apart.

            Doppler effect the shift in wavelength of a spectrum line from its normal position due to relative motion between the source and the observer.

            duration of insolation the number of hours that the Sun’s rays strike Earth’s surface over a 24-hour period; the number of hours of daylight.

            earthquake the large-scale and rapid motion of rock layers that occurs when pressure is released.

            electromagnetic spectrum the range of wavelengths of energy released by the Sun. A small range of wavelengths represents visible light. Other bands within the spectrum include ultraviolet radiation, cosmic rays, infrared radiation, and radio waves.

            elevation the height above sea level.

            ellipse a curve that has two centers, or foci. The sum of the distance between either focus and any point on the ellipse and the distance between the other focus and that point is a constant. The shape of Earth’s orbit around the Sun is an ellipse with the Sun at one focus.

            epicenter the location on Earth’s surface directly above the point of origin or focus of an earthquake.

            equator an imaginary circle around Earth lying halfway between the poles and dividing the Earth’s surface into the Northern and Southern hemispheres.

            equinox the two times a year when the Sun is directly overhead at the equator at noon. At these times, about March 21 and September 23, the number of hours of day and of night is the same.

            erosion the process by which weathered rock material is carried away by agents such as running water, ice, wind, and gravity.

            evaporation the process by which water is converted from a liquid to a vapor.

            evapotranspiration the combined processes of evaporation and transpiration, representing the method by which water vapor returns to the atmosphere. 

            extinct referring to a plant or animal species that lived in the past but is no longer found alive on Earth.

            fault movement within rock layers where pressure has caused the  layers to break. The layers on one side of the break move up, while the opposite layers move down.

            felsic referring to igneous rocks composed of minerals with a high content of aluminum. These rocks tend to be lighter in color than others.

            focus the point of origin within Earth’s crust or mantle of an earthquake.

            foliated a metamorphic rock texture characterized by thin, leaflike layers caused by the flattening of mineral grains under heat and pressure.

            formation (rock) a sequence of rock layers that cover a large area and were formed over a period of time.

            fossil the preserved remains or traces of an animal or plant that lived in the past.

            fossil record groups of fossils found in a rock layer that are used to interpret how and when the rock layer was formed and what the environment was like at that time.

            Foucault pendulum a freely swinging pendulum whose path appears to change direction relative to Earth’s surface in a predictable manner due to Earth’s rotation.

            fracture a term used to describe the irregular way in which some minerals break.

            freezing point the temperature at which a liquid changes to a solid.

            front the boundary between two different air masses. See also  cold front; warm front.

            frost moisture that condenses directly from a vapor to a solid when moist air touches a cold surface. When the air temperature is below freezing, frost forms instead of dew.

            galaxy a system consisting of hundreds of billions of stars.

            gradient the slope of the land or of a river or stream.

            greenhouse effect the process by which longer wavelength radiation emitted from Earth’s surface is absorbed by carbon dioxide in the atmosphere, causing a rise in air temperature.

            half-life the amount of time it takes for half the mass of a radioactive substance to decay. For example, the half-life of carbon-14 is 5.6 × 103 years.

            high-pressure center a location on a weather map where winds  blow outward, in a clockwise direction, away from the center. This occurs because the air pressure is lower at the center than over the surrounding area. See also  low-pressure center.

            humidity the amount of moisture in the air.

            hydrosphere the outer zone of Earth, which consists of the oceans and seas.

            hypothesis the attempt to explain a scientific phenomenon on the basis of observations and other relevant information.

            igneous referring to rocks that form when molten rock material cools and solidifies.

            impermeable referring to a layer of material through which water cannot pass. Most soil layers are permeable, while most rock layers are not.

            index fossil a fossil that is found over widespread areas and that formed from an organism that existed for a relatively short geologic period of time.

            inference an interpretation or explanation of a natural phenomenon based on observations.

            infiltration the process by which water at Earth’s surface penetrates and filters down through porous soil and rock layers.

            insolation the radiation reaching Earth’s surface from the Sun. This term is a contraction of “incoming solar radiation.”

            intrusion the forcible entry of solidified molten rock material between rock layers or into breaks within a rock layer.

            isobar a line on a weather map that connects points having the same air or barometric pressure.

            land breeze a wind blowing from over the land to over a lake or ocean. It occurs when the water temperature is warmer than the land temperature. See also  sea breeze.

            landscape region a grouping of landscapes with similar relief, stream patterns, and soil associations.

            latent heat of fusion the amount of energy required to convert one gram of ice at 0°C to water at 0°C.

            latent heat of vaporization the amount of energy required to convert one gram of water at 100°C to vapor at 100°C.

            latitude imaginary circles around Earth parallel to the equator and between the North and South poles.

            lava molten rock material that reaches Earth’s surface through volcanoes.

            light-year the distance light travels in one year; roughly 9.5 trillion kilometers, or 6 trillion miles.

            lithosphere the solid outer portion of Earth.

            longitude imaginary circles around Earth that pass through the North and South poles.

            low-pressure center a location on a weather map where winds blow inward, in a counterclockwise direction, into a center. This occurs because the air pressure is lower at the center than in the surrounding area. See also  high-pressure center.

            luminosity the total amount of energy radiated by a star in 1 second.

            lunar eclipse the phenomenon that occurs when Earth passes between the Moon and the Sun, causing light from the Sun to be blocked from reaching the surface of the Moon. See also  solar eclipse.

            luster the type of shine exhibited by a mineral, based on the way its surface reflects light. Examples are metallic, glassy, and dull lusters.

            mafic referring to igneous rocks composed of minerals with a high content of magnesium and iron. They tend to be darker in color than other rocks.

            magma molten rock material beneath the Earth’s surface.

            magnetic north (pole) the point near the geographic North Pole toward which the needle on a compass points.

            mantle the zone within Earth that lies between the crust and the outer core.

            maritime air mass an air mass that forms over water and therefore has a relatively high moisture content.

            mass the measure of the amount of matter contained in a sample.

            meander a curve in a river or stream.

            meridian a line of longitude measured in degrees. The prime meridian (0°) passes through Greenwich, England.

            metamorphic referring to rocks that form when existing rocks are subjected to enough heat and pressure to cause partial melting of the minerals present.

            meter the standard unit of length in the metric system; 1 meter = 39.37 inches.

            mid-ocean ridge a chain of undersea mountains running through the center of an ocean.

            millibar a unit of air pressure in the atmosphere, commonly used on weather maps.

            mineral a naturally occurring substance that is always made of the same elements in a fixed proportion.

            modified Mercalli scale a system that measures the strength of an earthquake based upon perception of motion by human observers and damage to structures built by humans.

            Moho the boundary between the dense rock of the mantle and the less dense rock of the crust. It was named for the seismologist Andrija Mohorovicic, who recognized its existence after analyzing seismic wave behavior inside Earth.

            moraine a large deposit formed when a glacier melts and leaves behind the material it is carrying.

            mountain any part of Earth’s crust that projects at least 300 m (1000 ft) above the surrounding land, has a limited summit area (as opposed to a plateau), steep sides, and considerable bare-rock surface.

            observation a description of what is perceived by the senses. It can often be made more accurate by using instruments.

            occluded front a weather front that forms when a cold front moves in behind a warm front, lifting the warm front off the ground.

            orbit the path followed by one object as it revolves around another; for example, the orbit of Earth around the Sun.

            outgassing the release of gases and water vapor from molten rocks, leading to the formation of Earth’s atmosphere and oceans.

            permeability the ability of water to penetrate through a material. The permeability of a soil depends upon the size of the soil grains and the amount of space between the grains.

            physical weathering the breakdown of rocks due to physical changes, such as changes in temperature or the freezing and thawing of water, that fills cracks in the rock. See also  chemical weathering.

            plain a flat area at low elevation.

            plateau a large, flat region elevated more than 150–300 m (500–1000 ft) above the surrounding land, or above sea level.

            polar air mass an air mass that forms over the polar regions and therefore contains relatively cold air.

            pollution a condition of the air, water, or land in which there is a surplus of materials present that may be harmful to living things.

            porosity the percentage of open space in a soil sample.

            precipitation all forms of moisture that reach the Earth’s surface from the atmosphere, including rain, snow, hail, and sleet.

            prevailing westerlies the wind belt stretching across the United States in which the general direction of wind movement is from southwest to northeast.

            P-wave (primary wave) the compression type of wave emitted by an earthquake that travels through both liquids and solids. See also S -wave.

            radiation the method of energy transfer by which energy from the Sun reaches the Earth.

            radioactive dating the use of the radioactive isotope to determine the age of a fossil or rock layer. This technique is possible because each radioactive isotope decays at a unique and fixed rate.

            radioactive decay the process by which a radioactive element breaks down to emit particles and radiation that form a new element.

            radioactive isotope an unstable form of an element that breaks down by radioactive decay. For example, carbon-14 is a radioactive isotope of carbon that breaks down by emitting electrons to form nitrogen-14.

            rain gauge an instrument that collects atmospheric precipitation so that the amount of rainfall can be measured.

            regional metamorphism changes in rock over an extensive area that occur due to the pressure and high temperatures associated with either deep burial or movements of Earth’s crust.

            relative humidity the percentage of moisture present in the air as compared to the maximum amount of moisture the air can hold at the prevailing temperature.

            residual soil soil that is formed by the weathering of local rock material.

            Richter scale a scale with a range of 1 to 10 that indicates the magnitude of an earthquake. For each successive number, the magnitude increases by a factor of 10.

            rock naturally occurring materials that are composed of one or more minerals.

            rock cycle the process by which each of the three rock types (igneous, metamorphic, and sedimentary) can be converted into each other type.

            runoff excess precipitation reaching Earth’s surface that flows into rivers and streams because the surface soil is saturated.

            salinity a measure of the amount of salt dissolved in water.

            saturation temperature See  dewpoint temperature.

            sea breeze a wind blowing from over a lake or ocean to over land. It occurs when the water temperature is cooler than the land temperature. See also  land breeze.

            sea floor spreading the concept that portions of the ocean floor are moving away from a central ridge because new material moving upward at the ridge is pushing the old material outward.

            sedimentary referring to rocks that form by the compaction and cementation of sediments.

            seismograph an instrument used to measure the disturbances caused by an earthquake.

            sill a rock layer that forms when molten rock material forces its way between existing rock layers and then cools and solidifies.

            sling psychrometer an instrument used to determine relative humidity.

            solar eclipse the phenomenon that occurs when the Moon passes between Earth and the Sun, causing light from the Sun to be blocked from reaching the surface of Earth. See also  lunar eclipse.

            solar system the Sun and the various objects that orbit it, including the planets and their moons, comets, and asteroids.

            solstice one of the two times a year, about June 22 and December 22, when the Sun is directly overhead at 23½° north and south latitude. The solstices represent the longest and shortest days of the year.

            specific heat the relative amount of energy needed to raise the temperature of one gram of a material by one degree Celsius.

            spectroscope an instrument used to break down the visible portion of the electromagnetic spectrum into individual wavelengths or colors.

            spectrum the band of colors formed when a beam of white light is passed through a prism; each wavelength of light in the beam is refracted at a slightly different angle, causing the light to be arrayed in order of its constituent wavelengths.

            stationary front a front that forms when the opposing warm and cold air masses are of equal energy.

            station model a pattern of symbols on a weather map that is used to describe local weather conditions such as temperature, pressure, humidity, wind speed and direction, and cloud cover.

            stratosphere the layer of the atmosphere directly above the troposphere.

            streak a more accurate method of identifying the color of a mineral by rubbing it against a plate, causing powder to form.

            stream load the total amount of material carried by a stream, including material that is carried in solution or suspension or is pushed along the bottom.

            subduction the sliding of a denser ocean plate beneath a less dense continental plate resulting in the melting of the ocean plate as it plunges into the hot mantle.

            subsoil the layer of soil just below the topsoil. It does not contain the organic matter found in the topsoil and has not been as extensively weathered.

            S-wave (shear wave) the transverse type of wave emitted by an earthquake that travels through solids but is absorbed by liquids. See also P-wave.

            syncline a series of folded rock layers that dips downward near the center. See also  anticline.

            terminal moraine the material deposited by the meltwater of a  glacier at the point of its farthest advance.

            texture the grain size of a rock. A course texture represents large grains; a fine texture, small grains.

            theory an explanation for scientific observations. A theory is formed from a hypothesis when there is substantial evidence to support it.

            till the material found in a glacial moraine and usually representing a wide range of particle sizes.

            time zone a region in which the same time is used throughout, instead of the local time at each place within it.

            topographic (contour) map a map of an area with contour lines to show the elevations at all locations, as well as other geologic features such as rivers, streams, and mountain peaks.

            topsoil the uppermost layer of soil. It contains the most highly weathered rock fragments, as well as organic remains.

            transform boundary places where edges of plates are sliding laterally past each other.

            transpiration the process by which plants release moisture to the atmosphere.

            transported soils soils formed from weathered rock material that have been carried from other locations and deposited.

            trench a large valley on the ocean floor.

            tropical air mass an air mass that has formed over the tropics and therefore contains relatively warm air.

            Tropic of Cancer the line of latitude at 23½° North, which represents the farthest north that the noon Sun can be overhead.

            Tropic of Capricorn the line of latitude at 23½° South, which represents the farthest south that the noon Sun can be overhead.

            troposphere the layer of the atmosphere closest to Earth’s surface. All weather phenomena occur within this zone.

            unconformity a gap in a sequence of rock layers, resulting either from the removal of layers by erosion or failure of layers to form for long periods.

            uniformitarianism the principle that the geologic processes acting today are the same as those that occurred in the past.

            valley glacier a glacier that forms in a valley between mountain peaks.

            vesicular a rock texture characterized by cavities formed by gas bubbles escaping from a lava as it cools and solidifies.

            volcano a mountain formed when lava erupts from beneath the surface and then cools and solidifies.

            warm front the boundary between two air masses of different temperatures; the point where the warmer air mass moves over the  colder air mass and pushes it backward. See also  cold front.

            water cycle the cyclic process during which water leaves Earth’s surface by evaporation and transpiration to enter the atmosphere. It returns to the surface as precipitation.

            watershed the area drained by a stream and its tributaries.

            water table the upper boundary of saturated rock or soil beneath Earth’s surface.

            weathering the processes in nature by which rock materials are broken down into smaller pieces to form sand, soil, and so on. See also  chemical weathering; physical weathering.

            wind belts zones around Earth in which the winds blow in the same general direction.
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            Part A

            Answer all questions in this part.

            
                Directions  (1–35)
                 For each statement or question, choose the word or expression that, of those given, best completes the statement or answers the question. Some questions may require the use of the 2011 Edition Reference Tables for Physical Setting/Earth Science.

            

            
                
                	
                    
                    
                        In which sequence are the celestial objects correctly listed in order from the smallest mass to the largest mass?

                    

                    
                        	Saturn, solar system, Milky Way, universe

                        	Saturn, universe, Milky Way, solar system

                        	Milky Way, Saturn, solar system, universe 

                        	Milky Way, universe, solar system, Saturn  

                    

                    
                

                	
                    
                    
                        The red shift of light from distant galaxies provides evidence that these galaxies are

                    

                    
                        	decreasing in size

                        	increasing in size

                        	decreasing in distance from Earth 

                        	
increasing in distance from Earth  

                    

                    
                

                	
                    
                    
                        The best evidence of Earth’s rotation is provided by the

                    

                    
                        	Foucault pendulum and global warming

                        	Foucault pendulum and Coriolis effect

                        	Moon phases and global warming 

                        	Moon phases and Coriolis effect 

                    

                    
                

                	
                    
                    
                        Which sphere of Earth covers approximately 70% of Earth’s surface?

                    

                    
                        	atmosphere 

                        	lithosphere 

                        	hydrosphere 

                        	asthenosphere 

                    

                    
                

                	
                    
                    
                        Some of the constellations that are visible to New York State observers at midnight in December are different from the constellations that are visible at midnight in June because 

                    

                    
                        	constellations rotate on an axis

                        	constellations revolve around Earth

                        	Earth rotates on its axis 

                        	Earth revolves around the Sun 

                    

                    
                

                	
                    
                    
                        The diagram below represents Earth and the Moon as viewed from above the North Pole. Points A, B, C, and D are locations on Earth’s surface.

                        
                            
                                [image: ]
                            

                        

                    

                    
                          According to the diagram, where will high ocean tides and low ocean tides most likely be located?

                    

                    
                        	high tides at A and B; low tides at C and D


                        	high tides at B and D; low tides at A and C


                        	high tides at A and C; low tides at B and D 

                        	
high tides at C and D; low tides at A and B 


                    

                    
                

                	
                    
                    
                        Urbanization affects the amount of vegetation and runoff in an area by

                    

                    
                        	decreasing vegetation and decreasing runoff

                        	decreasing vegetation and increasing runoff

                        	increasing vegetation and decreasing runoff 

                        	
increasing vegetation and increasing runoff 

                    

                    
                

                	
                    
                    
                        A severe thunderstorm warning was issued on a warm summer afternoon. Which present weather symbol represents the dangerous solid form of precipitation that is commonly associated with some of these severe thunderstorms?
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                        The station model below represents the weather conditions for a location in New York State.
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                          The barometric trend for the past three hours at this location indicates a steady increase of

                    

                    
                        	0.2 mb 

                        	2.0 mb 

                        	0.002 mb 

                        	0.02 mb

                    

                    
                

                	
                    
                    
                        Which New York State location is most often affected by lake-effect snow storms caused by winds blowing over Lake Ontario?

                    

                    
                        	Jamestown 

                        	Plattsburgh 

                        	Oswego 

                        	Riverhead

                    

                    
                

                	
                    
                    
                        Which type of air mass would most likely form over the Pacific Ocean north of the Aleutian Trench? 

                    

                    
                        	mP 

                        	mT 

                        	cP 

                        	cT

                    

                    
                

                	
                    
                    
                        Mount Kilimanjaro is located in eastern Africa at  3° S. Which climate factor best explains the presence of permanent snow on its peak?

                    

                    
                        	latitude 

                        	elevation 

                        	prevailing winds 

                        	ocean currents

                    

                    
                

                	
                    
                    
                        In which portion of the electromagnetic spectrum is the maximum intensity of Earth’s outgoing radiation?

                    

                    
                        	visible light 

                        	gamma rays 

                        	infrared 

                        	ultraviolet

                    

                    
                

                	
                    
                    
                        A solar water heater contains fluid-filled tubing that absorbs sunlight energy on its outside surface. Which tubing exterior will best absorb insolation?

                    

                    
                        	dark-colored and rough

                        	dark-colored and smooth

                        	light-colored and rough 

                        	light-colored and smooth 

                    

                    
                

                	
                    
                    
                        Equal masses of granite, iron, copper, and lead are placed in sunlight. Based on specific heat, which material will warm up the fastest? 

                    

                    
                        	granite 

                        	iron 

                        	copper 

                        	lead

                    

                    
                

                	
                    
                    
                        During explosive volcanic eruptions, large amounts of ash entering Earth’s atmosphere often rise to an altitude of 20 kilometers. What is the most likely effect of this ash cloud?

                    

                    
                        	a decrease in the insolation reaching Earth’s surface

                        	a decrease in the thickness of Earth’s stratosphere layer

                        	an increase in the insolation reaching Earth’s surface

                        	an increase in the thickness of Earth’s stratosphere layer   

                    

                    
                

                	
                    
                    
                        The map below shows some tectonic plate boundaries near South America and Africa. Letters A, B, C, and D represent locations on Earth’s surface.
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                        Which location most likely has the youngest bedrock?

                    

                    
                        	A

                        	B

                        	C

                        	D

                    

                    
                

                	
                    
                    
                        Compared to the average density and composition of oceanic crust, continental crust is

                    

                    
                        	less dense and more felsic

                        	less dense and more mafic

                        	more dense and more felsic 

                        	more dense and more mafic 

                    

                    
                

                	
                    
                    
                        The Hawaiian Islands were formed as a result of

                    

                    
                        	lava flowing over Earth’s surface where two tectonic plates move apart

                        	an oceanic plate moving over a mantle hot spot

                        	two oceanic plates colliding to form an island arc 

                        	tectonic plates sliding past each other 

                    

                    
                

                	
                    
                    
                        The block diagram below represents the underlying bedrock structure of a landscape region.
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                        Which diagram represents the most likely stream drainage pattern on the surface of this landscape? 
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                                    [image: ]
                                

                            

                        

                    

                    
                

                	
                    
                    
                        Which characteristics identify mountain landscape regions?

                    

                    
                        	steep slopes with deformed bedrock

                        	steep slopes with horizontal bedrock

                        	gentle slopes with deformed bedrock 

                        	gentle slopes with horizontal bedrock

                    

                    
                

                	
                    
                    
                        Which agent of erosion causes the sandblasting of bedrock?

                    

                    
                        	glaciers 

                        	wind 

                        	running water 

                        	wave action

                    

                    
                

                	
                    
                    
                        The photograph below shows wire netting installed over a steep rock outcrop.

                        
                            [image: ]
                        

                    

                    
                        This wire netting has been installed to prevent loss of property or life resulting from

                    

                    
                        	crosscutting and downwarping

                        	folding and faulting

                        	weathering and erosion 

                        	high winds and flooding  

                    

                    
                

                	
                    
                    
                        Which two minerals are commercial sources of iron?

                    

                    
                        	galena and graphite

                        	muscovite mica and biotite mica

                        	garnet and fluorite 

                        	
hematite and magnetite 

                    

                    
                

                	
                    
                    
                        Which mineral can be found in the rocks phyllite, sandstone, and granite?

                    

                    
                        	quartz 

                        	pyroxene 

                        	gypsum 

                        	calcite

                    

                    
                

                	
                    
                    
                        Which diagram best represents Earth’s axis position relative to Earth’s orbital plane?

                    

                    
                        	
                            
                                
                                    [image: ]
                                

                            

                        

                        	
                            
                                
                                    [image: ]
                                

                            

                        

                        	
                            
                                
                                    [image: ]
                                

                            

                        

                        	
                            
                                
                                    [image: ]
                                

                            

                        

                    

                    
                

                	
                    
                    
                        In which cross section do the arrows represent the most probable direction of air movement over land and water surfaces at an ocean coast on a hot, sunny, summer afternoon?

                    

                    
                        	
                            
                                
                                    [image: ]
                                    
                                        
                                        
                                        
                                        
                                        
                                    

                                

                            

                        

                        	
                            
                                
                                    [image: ]
                                    
                                        
                                        
                                        
                                        
                                        
                                    

                                

                            

                        

                        	
                            
                                
                                    [image: ]
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                        The table below shows the average diameter and falling velocity of five types of precipitation. The data for moderate rain have been left blank.

                        
                            [image: ]
                        

                    

                    
                          What are the probable values for the average diameter and falling velocity of the raindrops found in moderate rain?

                    

                    
                        	average diameter = 1.20 mm falling velocity = 4.6 m/sec

                        	average diameter = 1.20 mm falling velocity = 5.7 m/sec

                        	average diameter = 1.60 mm  falling velocity = 4.6 m/sec

                        	average diameter = 1.60 mm falling velocity = 5.7 m/sec 

                    

                    
                

                	
                    
                    
                        Which New York State index fossil is classified as a coral?
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                        The map below shows the weak trade winds and strong equatorial countercurrent in the Pacific Ocean during El Niño conditions. This causes warm surface ocean water to migrate eastward, lowering the atmospheric pressure above this warm water.

                        
                            
                                [image: ]
                            

                        

                    

                    
                        What are the most likely changes to atmospheric temperature and precipitation along the west coast of South America during El Niño conditions?

                    

                    
                        	lower temperatures and lower amounts of precipitation

                        	lower temperatures and higher amounts of precipitation

                        	higher temperatures and lower amounts of precipitation

                        	higher temperatures and higher amounts of precipitation   

                    

                    
                

                	
                    
                    
                        The cross sections below represent two bedrock outcrops 15 kilometers apart. Numbers 1 through 9 indicate rock layers. Some layers contain index fossils. No overturning of rock layers has occurred.
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                        Which layers most likely formed during the same geologic time period?

                    

                    
                        	1 and 8

                        	2 and 9 

                        	3 and 7 

                        	4 and 5 

                    

                    
                

                	
                    
                    
                        Labeled lines on the map below show the inferred location of Earth’s equator during the middle of several geologic periods.
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                        Approximately how many million years ago (mya) was the region around current-day Watertown, New York, located the nearest to the equator?

                    

                    
                        	270 mya 

                        	300 mya 

                        	340 mya 

                        	450 mya 

                    

                    
                

                	
                    
                    
                        Which table correctly matches rock textures with a sedimentary rock that exhibits each texture?
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                        The data table below shows the dry-bulb and wet-bulb temperatures measured with a psychrometer on four different days at the same location.
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                        According to the data shown in the table, which day had the highest relative humidity? 

                    

                    
                        	1

                        	2

                        	3 

                        	4 

                    

                    
                

                	
                    
                    
                        The cross section below represents a lithospheric plate boundary.
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                        In which diagram do the arrows show the relative directions of plate movement at this type of plate boundary?
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            Part B–1

            Answer all questions in this part. 

            
                Directions (36–50)
                 For each statement or question, choose the word or expression that, of those given, best completes the statement or answers the question. Some questions may require the use of the 2011 Edition Reference Tables for Physical Setting/Earth Science.

            

            
                
                
                	
                    
                        Base your answers to questions 36 through 38 on the information and diagram below and on your knowledge of Earth science. The diagram represents a simplified model of the early formation of Earth’s interior.

                        Early in its formation, Earth was a molten mass of evenly mixed composition. During the next few million years, the heavier and more dense elements sank to the center, while lighter and less dense elements rose toward the surface. This is called chemical fractionation.
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                        Chemical fractionation is most likely caused by

                    

                    
                        	solidification

                        	gravity 

                        	magnetic force 

                        	chemical weathering

                    

                    
                

                	
                    
                    
                        Approximately how many years ago did Earth and other planets in our solar system begin the process of chemical fractionation?

                    

                    
                        	8.2 billion years ago 

                        	13.8 billion years ago

                        	542 million years ago

                        	4600 million years ago  

                    

                    
                

                	
                    
                    
                        Which pair of elements sank to Earth’s center during chemical fractionation?

                    

                    
                        	aluminum and silicon

                        	carbon and sulfur

                        	iron and nickel 

                        	oxygen and potassium   

                    

                    
                

            

            
                
                
                	
                    Base your answers to questions 39 through 41 on the diagram below and on your knowledge of Earth science. The diagram represents the apparent path of the Sun through the sky as viewed by an observer in the Northern Hemisphere. Points A, B, C, and D represent four positions of the Sun.
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                        This apparent path of the Sun through the sky is caused by

                    

                    
                        	Earth’s revolution around the Sun 

                        	Earth’s rotation on its axis

                        	the Sun’s revolution around Earth 

                        	the Sun’s rotation on its axis  

                    

                    
                

                	
                    
                    
                        The observer has the longest shadow when the Sun is at position

                    

                    
                        	A

                        	B

                        	
C 

                        	
D 

                    

                    
                

                	
                    
                    
                        What is the approximate time of day when the Sun is at position C?

                    

                    
                        	6 a.m. 

                        	9 a.m. 

                        	3 p.m. 

                        	6 p.m.

                    

                    
                

            

            
                
                
                	
                    Base your answers to questions 42 and 43 on the diagram below and on your knowledge of Earth science. The diagram represents three tubes, A, B, and C, each containing an equal volume of uniform-sized spherical beads. The bottom of each tube is covered with a wire screen. XY is a reference line.
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                        Which bar graph would best represent the rate of water infiltration through tubes A, B, and C?
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                        These tubes are placed in water up to the level of line XY to demonstrate capillarity. After one hour, the height of the water above line XY will be

                    

                    
                        	highest in tube A


                        	highest in tube B


                        	highest in tube C 

                        	the same height in all three tubes

                    

                    
                

            

            
                
                
                	
                    Base your answers to questions 44 through 46 on the block diagram below and on your knowledge of Earth science. The block diagram represents a river drainage system. A portion of the river, seen in box A, has been enlarged. Points X and Y are on opposite sides of the river. Letter B indicates the location where the river enters the ocean.
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                        The area of land drained by this river and its tributaries is best described as the river’s

                    

                    
                        	topography

                        	watershed

                        	water table 

                        	floodplain

                    

                    
                

                	
                    
                    
                        Which cross section best represents the profile of the bottom of the river between points X and Y at location A?
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                        Which cross section represents the most likely pattern of sediments deposited where the river enters the ocean at location B?
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                    Base your answers to questions 47 through 50 on the graph below and on your knowledge of Earth science. The graph shows the percentages of the radioactive isotope carbon-14 (14C) and its disintegration product produced during four half-lives of radioactive decay.
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                        Radioactive carbon-14 is often useful in determining the absolute age of geologic samples because radioactive isotopes

                    

                    
                        	decay at a regular rate

                        	become less stable during decay

                        	remain unchanged over time 

                        	stabilize after four half-lives

                    

                    
                

                	
                    
                    
                        Which disintegration product is represented on the graph?

                    

                    
                        	
206Pb 

                        	
87Sr

                        	
40Ar 

                        	
14N 

                    

                    
                

                	
                    
                    
                        How many half-lives have passed if a sample contains 25% of its original carbon-14?

                    

                    
                        	1 half-life 

                        	2 half-lives 

                        	3 half-lives 

                        	4 half-lives

                    

                    
                

                	
                    
                    
                        The age of which index fossil could be determined by using carbon-14?
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            Part B–2

            Answer all questions in this part.

            
                Directions (51–65)
                Some questions may require the use of the 2011 Edition Reference Tables for Physical Setting/Earth Science.                             

            

            
                
                
                	
                    
                        Base your answers to questions 51 through 53 on the graph below and on your knowledge of Earth science. The graph shows the percentage of the lighted portion of the Moon that is visible to an observer in New York State through eight consecutive Moon phases.
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                        The phases of the Moon are said to be waxing when the lighted portion of the Moon gradually increases over time. Identify the numbered phase of the Moon when waxing begins and the numbered phase when waxing ends. [1]

                        Waxing begins: Phase __________

                        Waxing ends: Phase ____________

                    

                    
                

                	
                    
                    
                        On the diagram below, place an X on the Moon’s orbit to represent the Moon’s position at phase 5. [1] 
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                        The diagram below represents the appearance of the Moon at phase 3 as seen by an observer in New York State.
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                        In the circle below, shade the part of the Moon that appears dark to an observer in New York State when the Moon is at phase 7. [1] 
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                    Base your answers to questions 54 through 57 on the flowchart below and on your knowledge of Earth science. The flowchart represents possible pathways in the evolution of stars.
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                        Based on this flowchart, identify the characteristic of a main sequence star that determines whether the star becomes a giant or a supergiant. [1]

                        
                    

                    
                

                	
                    
                    
                        State the name of one  star labeled on the Characteristics of Stars graph in the Earth Science Reference Tables that may become either a black hole or neutron star. [1]

                    

                    
                

                	
                    
                    
                        Identify the nuclear process that occurs when lighter elements in a star combine to form heavier elements, producing the star’s radiant energy. [1]

                    

                    
                

                	
                    
                    
                        Select the relative surface temperature and relative luminosity of the main sequence star Sirius  compared with the surface temperature and luminosity of the Sun. [1]

                          Relative surface temperature of Sirius  (select one):

                             lower             higher             the same 

                          Relative luminosity of Sirius  (select one):

                            less             greater             the same 

                    

                    
                

            

            
                
                	
                    Base your answers to questions 58 through 61 on the topographic map below and on your knowledge of Earth science. Points A, B, C, and D represent locations on Earth’s surface. Elevations are measured in meters.
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                        On the map above, draw the 200-meter contour line in the southern portion of the map. Extend the contour line to the edges of the map. [1]

                    

                    
                

                	
                    
                    
                        On the grid below, construct a topographic profile along line AB by plotting the elevation of each  contour line that crosses line AB. The elevations of points A and B have been plotted on the grid. Connect all ten plots with a line from A to B to complete the profile. [1]
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                        Calculate the gradient between points	C and D. Label your answer with the correct units. [1]

                    

                    
                

                	
                    
                    
                        Identify the compass direction toward which Kim Brook flows. Describe the evidence shown on the map that indicates the water flows downhill in that compass direction. [1]

                        Compass direction: _____________________________

                        Evidence: ____________________________________

                    

                    
                

            

            
                
                
                	
                    Base your answers to questions 62 through 65 on the information below and on your knowledge of Earth science.

                    Adirondack Earthquake

                    On October 7, 1983, a magnitude 5.3 earthquake occurred in New York State’s Adirondack region. The earthquake’s epicenter was at Blue Mountain Lake, which is located approximately 32 miles (50 kilometers) southwest of Mt. Marcy.

                

                	
                    
                

                	
                    
                    
                        Select the New York State location (Old Forge or  New York City) that recorded the greater amount of time between the arrival of the first P-wave and the arrival of the first S-wave from the Blue Mountain Lake earthquake. Explain why this location had the greater difference between the P-wave and S-wave arrival times. [1] 

                          Select one:             Old Forge            New York City

                        Explanation: ______________________________

                        
                    

                    
                

                	
                    
                    
                        Determine how long it took the first P-wave to travel from Blue Mountain Lake to a seismic station 1200 kilometers away. [1]

                        ___________ min___________s

                    

                    
                

                	
                    
                    
                        Identify one  type of metamorphic surface bedrock where this earthquake epicenter was located. [1]

                        
                    

                    
                

                	
                    
                    
                        Perth, Australia, is located almost directly on the opposite side of Earth from the epicenter of this earthquake. A seismograph in Perth received P-waves but not S-waves from this earthquake. Identify the interior layer of Earth and the characteristic of this layer that prevented the S-waves from arriving at Perth. [1]

                        Earth’s interior layer: _______________________________________

                        Characteristic of this layer: _______________________________________

                    

                    
                

            

            Part C

            Answer all questions in this part.

            
                Directions (66–85)
                Some questions may require the use of the 2011 Edition Reference Tables for Physical Setting/Earth Science.                             

            

            
                
                
                	
                    
                        Base your answers to questions 66 through 68 on the diagram below and on your knowledge of Earth science. The diagram represents Earth on the first day of a season. The equator, several lines of longitude, and the North and South Poles have been labeled. Letters A through D represent locations on Earth’s surface.
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                        Identify one  possible date that is represented by the position of Earth in this diagram. [1]

                    

                    
                

                	
                    
                    
                        State whether the relative altitude of Polaris  at location A is lower or higher than at location B. Explain why this difference is observed. [1] 

                          Relative altitude of Polaris at location A:

                        _______________________________________

                        Explanation: _____________________

                    

                    
                

                
                	
                    
                    
                        State the solar time at location D if the solar time at location C is
                            6:00 a.m. Indicate a.m. or p.m. in your answer. [1]

                    

                    
                

                
                	
                        
                        
                        	
                            Base your answers to questions 69 through 72 on the data table below, on the map below, and on your knowledge of Earth science. The data table shows latitude and longitude locations of the center of Hurricane Odile recorded at the same time each day from September 12 to September 18, 2014. The data table also shows the hurricane’s barometric pressure in millibars (mb) and wind speed in knots (kt). The location of La Paz, Mexico, is indicated on the map.
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                                On the map above, plot the seven locations of Hurricane Odile indicated by the latitudes and longitudes shown in the data table. Connect all seven plots with a line. [1]

                            

                            
                        

                    	
                            
                            
                                Using the set of axes below, draw a line to represent the general relationship between barometric pressure and wind speed associated with Hurricane Odile. [1]
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                                Identify one  weather instrument that was used to measure the wind speed of Hurricane Odile. [1]

                            

                            
                        

                    	
                            
                            
                                Describe two  actions that a person living in La Paz, Mexico, could take to prepare for an approaching hurricane. [1]

                                Action 1: _____________________

                                Action 2: _____________________

                            

                            
                        

                    
                        
                        
                        	
                            Base your answers to questions 73 through 75 on the cross section below and on your knowledge of Earth science. On the cross section, letters A through F represent rock units. Line XX′ indicates an unconformity and line YY′ indicates a fault. No overturning of rock layers has occurred.
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                                Identify the name of the rock formed in the zone  of contact metamorphism between rock units A and F. [1]

                            

                            
                        

                    	
                            
                            
                                List two  processes that produced unconformity XX′. [1] 

                                Process 1: _____________________

                                Process 2: _____________________

                            

                            
                        

                    	
                            
                            
                                List the letters of rock units D, E, F, and fault YY′ in the correct sequence from oldest to youngest. [1]

                                [image: 7253.png] 

                            

                            
                        

                    
                        
                        
                        	
                            Base your answers to questions 76 through 79 on the passage and cross section below, and on your knowledge of Earth science. The cross section represents the elevation and depth of each Finger Lake in New York State. The gray shading in each lake represents the sediment fill at the bottom of each lake.

                            Formation of the Finger Lakes

                            The Finger Lakes originated as a series of south-flowing rivers that existed in what is now central New York State. Around 1.7 to 1.8 million years ago, a continental glacier advanced southward, beginning an ice age that consisted of many advances and retreats of glaciers. The Finger Lakes were carved by several of these advances, which gouged the valleys of the rivers into deep troughs, some of which extend below present-day sea level. As the glaciers advanced, they pushed a great amount of soil and rock ahead of them. During the time when the ice sheets were melting and retreating, glacial moraines were left behind. These deposits dammed the glacial valleys at their southern ends, and the valleys then flooded to form the Finger Lakes.
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                                Identify one  Finger Lake that has a maximum water depth of approximately 175 feet. [1]

                                _____________________Lake

                            

                            
                        

                    	
                            
                            
                                Identify the geologic time period and epoch when these continental glaciers formed the Finger Lakes of New York State. [1]

                                _______________________________________Period

                                _______________________________________Epoch

                            

                            
                        

                    	
                            
                            
                                Describe one  way that the arrangement of sediments in the glacial moraines is different from the arrangement of sediments deposited in the earlier river channels. [1]

                            

                            
                        

                    	
                            
                            
                                Describe the cross-sectional shape of the original river valleys before they were gouged by the advancing glaciers. [1]

                                
                            

                            
                        

                    
                        
                        
                        	
                            Base your answers to questions 80 and 81 on the map below and on your knowledge of Earth science. The map shows the locations of the Coast Range and Cascade Range in the Pacific Northwest of the United States and two cities in this region.
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                                Identify the name of the cool surface ocean current that influences the climate of this region. [1]

                                _____________________Current

                            

                            
                        

                    	
                            
                            
                                 Explain why the difference between average winter and summer temperatures is smaller in Long Beach than in Richland. [1]

                                
                                
                            

                            
                        

                    
                        
                        
                        	
                            Base your answers to questions 82 through 85 on the diagram below and on your knowledge of Earth science. The diagram represents a portion of the scheme for igneous rock identification. Line AB represents the percentages of the minerals in igneous rock 1 and line CD represents the percentages of the minerals in igneous rock 2.
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                                Rock 1 is a glassy, vesicular igneous rock. Identify the name of rock 1. [1]

                            

                            
                        

                    	
                            
                            
                                Compared to the color and density of igneous rock 1, describe how the relative color and density of igneous rock 2 are different. [1]

                                  Relative color of rock 2: _____________________

                                  Relative density of rock 2: ____________________

                            

                            
                        

                    	
                            
                            
                                Explain why andesite and diorite can both have the same percentage of mineral composition by volume, and yet be two different igneous rocks. [1]

                            

                            
                        

                    	
                            
                            
                                The table below  shows the composition of three minerals commonly found in igneous rocks. Complete the table by placing one X in each row to indicate if that mineral is found in both rock 1 and rock 2, neither rock 1 nor rock 2, rock 1 only, or rock 2 only. [1]
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1
                        A solar system consists of a single star, and all of the objects (such as planets) that orbit it. All of these objects have mass. Thus, a solar system contains more mass than a planet, such as Saturn. The Milky Way is a galaxy, which is a group of hundreds of billions of stars, many of which have solar systems. Thus, the Milky Way contains more mass than a solar system. The universe is everything that we can perceive and includes all of the stars, gas clouds, galaxies, and other objects that we can detect by the radiation they emit. The universe contains billions of galaxies. Thus, the universe has more mass than a galaxy. Thus, the correct sequence of celestial objects listed in order from smallest mass to largest mass is Saturn, solar system, Milky Way, universe.

                    



	
4
                        Find the chart labeled Electromagnetic Spectrum in the Reference Tables for Physical Setting/Earth Science. Note that visible light at the red end of the spectrum has a longer wavelength than light at the blue end of the spectrum. If a source of electromagnetic waves is moving away from an observer at the same time as it is emitting light of a particular wavelength, fewer wave crests will reach the eye of the observer each second. The eye will interpret this as meaning that the light has a longer wavelength than it actually has. In other words, the light will appear shifted toward the red end of the spectrum. Therefore, the fact that the light from most galaxies shows a red shift is evidence that most galaxies are moving away from Earth. If all galaxies are moving away from Earth, these galaxies are increasing in distance from Earth.

                        WRONG CHOICES EXPLAINED:

                        (1) and (2) Galaxies of many different sizes show a red shift because a red shift is the result of the motion of a light source relative to an observer, not the size of the source. 

                        (3) If a galaxy’s distance from Earth is decreasing, the galaxy is moving toward Earth. If a galaxy is moving toward an observer on Earth at the same time as it is emitting light of a particular wavelength, more wave crests will reach the eye of the observer each second. The eye will interpret this as meaning that the light has a shorter wavelength than it actually has. In other words, the light will appear shifted toward the blue end of the spectrum. Thus, if distant galaxies are decreasing in distance from Earth, their light would appear blue shifted, not red shifted. 

                    



	
2
                        In 1851, the French physicist Jean Foucault suspended a heavy iron ball on a long steel wire from the top of the dome of the Pantheon in Paris. As this pendulum swung back and forth, it appeared to change direction slowly, passing over different lines on the floor until eventually coming full circle to its original position after 24 hours. Since Foucault knew that the path of a freely swinging pendulum would not change on its own, he concluded that the apparent shift in the direction of swing of the pendulum was due to the floor (Earth’s surface) rotating beneath the pendulum. Thus, the apparent change in direction of swing of a Foucault pendulum provides evidence of Earth’s rotation.

                        Planetary winds tend to blow in a straight line from regions of high pressure toward regions of low pressure. As these winds are blowing, Earth is turning on its axis. This rotation causes the winds to appear to be turning toward the right in the Northern Hemisphere and toward the left in the Southern Hemisphere. This phenomenon is called the Coriolis effect. Since there would be no Coriolis effect if Earth did not rotate, the Coriolis effect is also considered evidence of Earth’s rotation. 

                        Thus, the best evidence of Earth’s rotation is provided by the Foucault pendulum and Coriolis effect.

                        WRONG CHOICES EXPLAINED:

                        (1) The Foucault pendulum does provide evidence of Earth’s rotation. However, global warming is an increase in average global temperatures, not evidence that Earth is rotating.

                        (3) and (4) Moon phases refer to changes in the illuminated portion of  the Moon visible to an observer on Earth. Moon phases occur because the Moon revolves into different positions relative to Earth and the Sun. The Moon would revolve around Earth even if Earth did not rotate. Therefore, Moon phases are not evidence of Earth’s rotation.

                    



	
3
                        Oceans cover more than 70% of Earth’s surface. Earth’s hydrosphere consists of all the liquid water that rests on the lithosphere. Thus, the sphere of Earth that covers approximately 70% of Earth’s surface is the hydrosphere.

                        WRONG CHOICES EXPLAINED:

                        (1) Earth’s atmosphere is a thin shell of gases, water, dust, and other particles bound to Earth by gravity. Earth’s atmosphere is in contact with all of the lithosphere and hydrosphere that comprise Earth’s surface. Thus, the atmosphere covers 100% of Earth’s surface.

                        (2) The lithosphere is Earth’s solid, outer layer of rock. Earth’s crust corresponds to the upper portion of the lithosphere. Thus, the lithosphere comprises 100% of Earth’s solid surface.

                        (4) Find the Inferred Properties of Earth’s Interior chart in the Reference Tables for Physical Setting/Earth Science. In the cross section, locate the asthenosphere. Note that the asthenosphere is located beneath Earth’s surface. Thus, the asthenosphere covers 0% of Earth’s surface.

                    



	
4
                        As Earth revolves around the Sun, the side of Earth facing the Sun experiences day and the side facing away from the Sun experiences night. Midnight occurs when a location on Earth is directly opposite the Sun in the center of the night side of Earth. At different times of the year, Earth is at different points along its orbit and the night side of Earth faces different portions of the universe. Since stars are visible only at night, only constellations in the portion of the universe facing Earth’s night side are visible from Earth. In December, Earth’s night side faces one portion of the universe and its constellations. Six months later, in June, Earth has revolved to a position in its orbit directly opposite the Sun from its December position. The night side of Earth faces a different portion of the universe and its constellations. Therefore, the constellations visible to New York State observers at midnight in December are different than those visible at midnight in June because Earth revolves around the Sun. 

                        WRONG CHOICES EXPLAINED:

                        (1) A constellation is an imaginary pattern formed by a group of stars in an area of the sky as seen by an observer on Earth. Therefore, constellations do not have an axis about which they rotate.

                        (2) Constellations consist of stars. Earth’s small mass does not exert enough gravitational force to hold larger, more massive objects such as stars in orbit.

                        (3) As Earth spins on its axis, the boundary between daylight and darkness does not spin along with it; Earth’s night side is always located directly opposite the Sun. Only Earth’s motion in relation to the Sun (revolution) affects the direction in which the night side faces and the constellations visible to an observer, not Earth’s rotation on its axis.

                    



	
2
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                        The gravitational attraction of the Moon creates tidal bulges in Earth’s oceans on the side of Earth directly facing the Moon and on the side of Earth directly facing away from the Moon. As Earth rotates on its axis, the positions of the tidal bulges remain fixed in line with the Moon. Locations experience high tide when they align with the bulges and experience low tide when between bulges. According to the diagram, location D is on the side of Earth directly facing the Moon and location B is on the side of Earth directly facing away from the Moon. Therefore, tidal bulges and their associated high tides will likely be located at B and D. Locations A and C are between the bulges and will experience low tides. Thus, high tides will be located at B and D; low tides at A and C.
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                        Urbanization is the process by which towns and cities are formed and become larger as more and more people begin living and working in central areas. As towns and cities grow, more and more of the land surface is paved over or covered by buildings and other structures. Vegetation is not able to grow on land covered by pavement and buildings. Therefore, urbanization results in a decrease in vegetation. Pavement and the roofs of buildings are impermeable. Therefore, rainwater that falls onto pavement and buildings runs off rather than infiltrates. Thus, urbanization decreases vegetation and increases runoff.

                    



	
3
                        A dangerous form of solid precipitation associated with severe thunderstorms is hail. In the upper portion of the troposphere, temperatures below –40°C are the norm year-round. For this reason, thunderstorms whose cloud tops extend into the upper troposphere may produce hail. Hailstones form when water droplets carried into the upper troposphere freeze to form tiny balls of ice (hailstones) and then fall. Again and again, hailstones are hurled up by updrafts and then fall through layers of air that alternate above and below freezing. Each cycle adds a layer to the hailstone. The more violent the updrafts, the larger and heavier the hailstones can become before falling. Large hailstones are dangerous because they can cause great damage when they strike crops, buildings, and vehicles. In some cases, hailstones have resulted in loss of life. Find the Key to Weather Map Symbols in the Reference Tables for Physical Setting/Earth Science. Locate the section labeled “Present Weather.” Note the symbol representing hail, Δ, which corresponds to the symbol shown in choice (3). 
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                        Find the Key to Weather Map Symbols in the Reference Tables for Physical Setting/Earth Science, and locate the section labeled “Station Model Explanation.” Note that barometric trend over the past three hours is shown to the center right of a station model. According to the station model explanation, a “+” indicates an increase in barometric pressure. The two-digit value indicates the number of millibars that the barometric pressure has changed but does not include a decimal point. The decimal should be placed between the first and second digits. Finally, the “Station Model Explanation” indicates that an upward-sloping line after the millibar value means a steady rise. The value representing the barometric trend for the past three hours at the location in New York State shown on the station model in the question is “+02/.” Therefore, the barometric trend for the past three hours at this location indicates a steady increase of 0.2 mb.

                    



	
3
                        Winter lake-effect snow storms occur when cold winds move across large stretches of warm lake water. Evaporation of the warm lake water adds water vapor to the air. The water vapor is picked up by the cold wind, freezes, and is deposited as snow onto the cold land of the leeward shores of the lake. Find the Generalized Bedrock Geology of New York State map in the Reference Tables for Physical Setting/Earth Science. Locate Lake Ontario, and note that it is located at about 43°–44° N latitude. Find the Planetary Wind and Moisture Belts in the Troposphere diagram in the Reference Tables for Physical Setting/Earth Science. Note that at the latitudes corresponding to Lake Ontario, the planetary winds generally blow from west to east. Thus, the cold winds are moving from west to east over the lake. So the eastern shores of Lake Ontario are the leeward shores that would experience lake-effect snow storms. On the Generalized Bedrock Geology of New York State map in the Reference Tables for Physical Setting/Earth Science, locate the eastern shores of Lake Ontario. Note that of the cities listed as answer choices, only Oswego is located on the eastern shores of Lake Ontario. Thus, the New York State location most often affected by lake-effect snow storms caused by winds blowing over Lake Ontario is Oswego.

                    



	
1
                        The characteristics of an air mass are the result of the geographical region over which it formed, or its source region. Air resting on or moving very slowly over a region tends to take on the characteristics of that region. In general, air masses that form near the poles are cold and are called polar air masses; air masses that form near the equator are warm and are called tropical air masses. Air masses that form over water are moist and are  called maritime air masses; air masses that form over land are dry and  are called continental air masses. 

                        The type of air mass that would most likely form over the Pacific Ocean is a maritime air mass. Find the Tectonic Plates map in the Reference Tables for Physical Setting/Earth Science. Locate the Aleutian Trench. Trace horizontally right to the latitude scale along the vertical edge of the map. Note that the Aleutian Trench is located at about 60° N latitude (in the Arctic Circle). Thus, the type of air mass that would form north of the Aleutian Trench is a polar air mass. Therefore, an air mass that formed over the Pacific Ocean north of the Aleutian Trench would most likely be a maritime polar air mass. Find the Key to Weather Map Symbols in the Reference Tables for Physical Setting/Earth Science. In the section labeled “Air Masses,” note that the symbol for a maritime polar air mass is mP, as shown in choice (1).

                    



	
2
                        Temperature is a major climate factor. Mountains are, by definition, regions of high elevation. Find the Selected Properties of Earth’s Atmosphere chart in the Reference Tables for Physical Setting/Earth Science. Locate the graph labeled “Temperature (°C).” Note that temperature decreases rapidly with increasing altitude (elevation) in the troposphere. Elevation is a climate factor because there is a decrease in temperature with an increase in elevation. The fact that temperature decreases about 1°C for every 100-meter rise in elevation explains why high mountains may have tropical vegetation at their bases but permanent ice and snow at their peaks. Thus, the climate factor that best explains the presence of permanent snow on the peak of Mount Kilimanjaro is elevation (altitude above sea level).

                        WRONG CHOICES EXPLAINED:

                        (1) It is given that the latitude of Mount Kilimanjaro is 3° S, which is near the equator. Near the equator, insolation strikes Earth’s surface almost vertically. Therefore, throughout the year, the insolation reaching the tropics is more concentrated (i.e., more intense) than that reaching midlatitude or polar regions. The more intense the insolation, the more Earth’s surface is warmed by that insolation. More warming would likely melt snow, not allow the snow to remain permanently. Therefore, it is unlikely that the latitude of Mount Kilimanjaro is the climate factor that best explains the permanent snow on the mountain’s peak.

                        (3) Find the Planetary Winds and Moisture Belts in the Troposphere diagram in the Reference Tables for Physical Setting/Earth Science. Note that 3° S latitude lies in the planetary wind belt labeled “S.E. Winds.” Find the Surface Ocean Currents map in the Reference Tables for Physical Setting/Earth Science. In the key, note the symbols for warm currents and cool currents. Note that the surface ocean currents off the coast of east Africa are all warm ocean currents. Thus, the prevailing winds that reach Mount Kilimanjaro would come from over warm water. Air moving over warm water becomes warm and moist. Warm, moist winds would not explain the cold temperatures necessary to support the permanent snow on the peak of Mount Kilimanjaro.

                        (4) Find the Surface Ocean Currents map in the Reference Tables for Physical Setting/Earth Science. In the key, note the symbols for warm currents and cool currents. Note that the surface ocean currents off the coast of east Africa are all warm ocean currents. Warm ocean currents would not explain the cold temperatures necessary to support permanent snow on the peak of Mount Kilimanjaro.

                    



	
3
                        The wavelength of radiation emitted by a source depends on the temperature of the source. The cooler the source, the longer the wavelength of the radiation it emits. At Earth’s average surface temperature, the radiation emitted would be in the range of long-wavelength infrared radiation. Thus, the maximum intensity of Earth’s outgoing radiation is in the infrared portion of the electromagnetic spectrum.

                    



	
1
                        A major component of insolation is visible light. Color is a fairly good indicator of whether the substance absorbs more light than it reflects. Light-colored substances tend to reflect light. Dark-colored substances tend to absorb light. A smooth surface is more likely to reflect light than is a rough surface. The irregularities on a rough surface can cause some of the light to hit the surface several times before leaving. Each time the light strikes the irregular surface, a little more of the light’s energy is absorbed. Therefore, a dark-colored and rough surface would most likely absorb the greatest amount of visible light. Thus, a dark-colored and rough tubing exterior will best absorb insolation.

                    



	
4
                        Find the Specific Heats of Common Materials chart in the Reference Tables for Physical Setting/Earth Science. Note that specific heat is measured as J/g · °C. This means that the numerical value of each material’s specific heat is the number of joules of heat energy that must be added to 1 gram of the substance to increase that material’s temperature by 1°C. For example, if 0.79 J/g of heat energy are added to 1 gram of granite, the temperature of the granite will increase by 1°C. However, if 0.79 J of heat energy is added to 1 gram of lead, the temperature of the lead will increase by about 6°C (0.79 J/g ÷ 0.13 J/g · °C = 6.07°C). Thus, the smaller the specific heat value, the smaller the amount of heat energy needed to raise the temperature of the material by 1°C and the faster the material will warm up. It is given that equal masses of the materials were placed in sunlight. It is reasonable to infer that all received the same amount of energy from the sunlight per unit of time. Therefore, the material that will warm up the fastest is the one with the smallest specific heat value. Of the choices given, the material with the smallest specific heat is lead.

                    



	
1
                        Volcanic ash consists of tiny, solid particles of igneous rock. These solid particles block sunlight, thereby decreasing the amount of insolation that reaches Earth’s surface. Thus, the most likely effect of this ash cloud is a decrease in insolation reaching Earth’s surface.

                        WRONG CHOICES EXPLAINED:

                        (2) and (4) Find the Selected Properties of Earth’s Atmosphere chart in the Reference Tables for Physical Setting/Earth Science. Note that Earth’s atmospheric layers correspond to temperature zones within the atmosphere. In each zone, the temperature profile is different—with temperature either increasing or decreasing with altitude. The tiny particles of igneous rock in a volcanic ash cloud cool rapidly. By the time they reach the stratosphere, they would have cooled to the surrounding temperature and spread out. Therefore, a volcanic ash cloud would not change the temperature profile upon which the thickness of the stratosphere is based. Thus, the ash cloud would not change the thickness of the stratosphere. 

                        (3) Solid particles of volcanic ash block sunlight. The more sunlight that is blocked by particles, the less that reaches Earth’s surface. Thus, the most likely effect of this ash cloud is to decrease, not increase the insolation reaching Earth’s surface.
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                        Find the Tectonic Plates map in the Reference Tables for Physical Setting/Earth Science. Locate the region corresponding to the map in the question. Note that letter A is located on the Pacific Ocean floor of the Nazca Plate. Locations B and C are located on ocean floor on either side of the Mid-Atlantic Ridge. Location D is on the continent of Africa. The youngest crustal bedrock is formed when molten rock emerges from volcanoes and in the rift zones of the mid-ocean ridges and then hardens into bedrock. As the tectonic plates diverge along a mid-ocean ridge, the bedrock fractures and new molten rock emerges, pushing the bedrock aside. As this process is repeated, new bedrock is formed, and the bedrock on either side of the mid-ocean ridges is pushed sideways. Thus, the youngest, most recently formed bedrock is found nearest a mid-ocean ridge, and the oldest bedrock is found on either side farthest from the mid-ocean ridge. Therefore, the location that most likely has the youngest bedrock will be nearest a mid-ocean ridge. Location C is nearest a mid-ocean ridge and will most likely have the youngest bedrock.

                        WRONG CHOICES EXPLAINED:

                        (1) Find the Tectonic Plates map in the Reference Tables for Physical Setting/Earth Science. Note that the tectonic plate boundary along the west coast of South America near location A corresponds to a convergent plate boundary (subduction zone). Note that location A is near the edge of the subducting plate, which is being forced beneath the overriding South American Plate. Therefore, the bedrock near location A is already existing bedrock, not newly formed, young bedrock. 

                        (2) Recall that the youngest, most recently formed bedrock is found nearest a mid-ocean ridge and the oldest bedrock is found on either side farthest from the ridge. Note that B is farther from the Mid-Atlantic Ridge than C. Thus, the bedrock at B is older than the bedrock at C and, therefore, is not the youngest bedrock.

                        (4) Find the Geologic History of New York State chart in the Reference Tables for Physical Setting/Earth Science. Locate the column labeled “Inferred Positions of Earth’s Landmasses.” Note that the African landmass existed for hundreds of millions of years prior to the initial opening of the Atlantic Ocean. Thus, it is unlikely that the bedrock at D on the African landmass is composed of the youngest crustal bedrock.

                    



	
1
                        Find the Inferred Properties of Earth’s Interior chart in the Reference Tables for Physical Setting/Earth Science. Locate the “Density (g/cm3)” scale along the right side of the cross section. Note that granitic continental crust has a density of 2.7 and that basaltic oceanic crust has a density of 3.0. Thus, continental crust is granitic while oceanic crust is basaltic. Note, too, that continental crust is less dense than oceanic crust. Find the Scheme for Igneous Rock Identification in the Reference Tables for Physical Setting/Earth Science. Locate granite and basalt in the upper portion of the chart. Trace the columns corresponding to granite and basalt downward to the arrow labeled “Composition” in the center portion of the chart labeled “Characteristics.” Note that granite is near the end of the arrow labeled “Felsic (rich in Si, Al)” and that basalt is near the end of the arrow labeled “Mafic (rich in Fe, Mg).” Thus, granitic continental crust is more felsic than basaltic ocean crust. Therefore, compared to the average density and composition of oceanic crust, continental crust is less dense and more felsic. 

                    



	
2
                        Find the Tectonic Plates map in the Reference Tables for Physical Setting/Earth Science. Note the symbol labeled “Hawaii Hot Spot” over the islands of Hawaii. Locate this symbol in the key along the bottom of the Tectonic Plates map, and note that it corresponds to a mantle hot spot. A hot spot is a long-lasting zone of rising hot magma beneath moving plates. Large plumes of magma rise from the mantle at these hot spots and work their way upward through the plate above. The magma rises because it is more buoyant than the surrounding rock, wedges apart cracks in the plate, and melts through to erupt, forming a volcano. When the volcano rises above the level of the ocean, it forms an island. As the plate continues to move, the volcano that formed over the hot spot is carried away from the hot spot in the direction in which the plate is moving. At the same time, the plate motion carries a new section of the plate over the hot spot and a new volcano forms. As this process continues, a series of volcanic islands forms with the youngest located nearest the hot spot and the oldest farthest from the hot spot. Thus, the Hawaiian Islands were formed as a result of an oceanic plate moving over a mantle hot spot.

                        WRONG CHOICES EXPLAINED:

                        (1) A plate boundary where two tectonic plates move apart is called a divergent plate boundary. Divergent boundaries occur along plate edges. Find the Tectonic Plates map in the Reference Tables for Physical Setting/Earth Science. Note that the Hawaiian Islands are located in the center of the Pacific Plate far from any divergent boundaries along the edges of the plate. Thus, it is unlikely that the Hawaiian Islands formed as a result of lava flowing over Earth’s surface where two tectonic plates move apart.

                        (3) A collision between two oceanic plates would take place at the edges of the two plates. Find the Tectonic Plates map in the Reference Tables for Physical Setting/Earth Science. Note that the Hawaiian Islands are located in the center of the Pacific Plate far from the edges of the plate. Therefore, it is unlikely that the Hawaiian Islands formed as a result of two oceanic plates colliding to form an island arc.

                        (4) Tectonic plates slide past each other along their edges. Find the Tectonic Plates map in the Reference Tables for Physical Setting/Earth Science. Note that the Hawaiian Islands are located in the center of the Pacific Plate far from the edges of the plate. Therefore, it is unlikely that the Hawaiian Islands formed as a result of tectonic plates sliding past each other.
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                        Water flows from higher elevations to lower elevations. Therefore, water flows downhill in channels along either side of the tops of the long, parallel ridges shown in the block diagram into the valleys between the ridges, forming larger streams flowing down the centers of the valleys parallel to the ridges. Thus, the most likely stream drainage pattern on the surface of this landscape is shown in diagram (4).
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                        Mountain landscape regions consist of mountains. By definition, mountains are parts of Earth’s crust that project at least 300 meters above the surrounding land and have great relief (steep slopes), a restricted summit, and considerable bare-rock surface. Most mountains are formed by crustal motions that fold or fault rock and have an underlying bedrock structure composed of folded and faulted rock layers. Thus, the characteristics that identify mountain landscape regions are steep slopes with deformed bedrock.
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                        Sandblasting refers to using a stream of sand projected by compressed air or steam to clean, polish, or decorate the surface of something by abrasion. In nature, windblown sand directed against bedrock can have a similar effect. Smooth, polished surfaces on bedrock in dry, sandy areas are most likely the result of abrasion by wind-borne sand. Thus, the agent of erosion that causes sandblasting of bedrock is wind.
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                        On steep slopes, the dominant type of erosion that occurs is mass wasting. In erosion by mass wasting, fragments of rock broken loose by weathering move downslope under the direct influence of gravity. As you can see in the photograph, the road is at the bottom of the steep slope. Any rocks on the steep slope that are broken loose by weathering would be carried downhill to the roadway. If rocks fell on or in the path of cars traveling on the roadway, they could cause serious damage to the cars and possibly loss of life. Accidents resulting from cars swerving to avoid the rocks could also cause loss of property or life. Thus, the wire netting was installed to prevent rocks that were broken loose by weathering from falling onto the roadway. Therefore, the wire netting has been installed to prevent loss of property or life resulting from weathering and erosion.

                        WRONG CHOICES EXPLAINED:

                        (1) Crosscutting refers to a geologic feature that cuts across another geologic feature. It does not involve rocks on a steep slope that would be held back from falling by wire netting. Downwarping refers to a bending of Earth’s crust that results in a bowl-like depression, not rocks on a steep slope that would be held back from falling by wire netting.

                        (2) Folding and faulting result from enormous forces acting on Earth’s crust. These forces are too enormous for wire netting to constrain the crust from folding or faulting.

                        (4) The wire netting would not prevent high winds or flooding because wind and water would be able to easily pass through the large openings in the wire netting.
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                        A naturally occurring solid material from which a metal or valuable mineral can be profitably extracted is called an ore. Find the Properties of Common Minerals table in the Reference Tables for Physical Setting/Earth Science. In the column labeled “Use(s),” locate the phrase “ore of iron.” Note that “ore of iron” occurs in two rows. Trace each of these rows to the right to the column labeled “Mineral Name.” Note that two minerals that are ores of iron are magnetite and hematite. Thus, two minerals that are commercial sources of iron are hematite and magnetite. 
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                        Find the Scheme for Metamorphic Rock Identification in the Reference Tables for Physical Setting/Earth Science. In the column labeled “Rock Name,” locate phyllite. From phyllite, trace left horizontally to the column labeled “Composition.” Note that phyllite is composed of quartz, feldspar, amphibole, garnet, and pyroxene. Now find the Scheme for Sedimentary Rock Identification in the Reference Tables for Physical Setting/Earth Science. In the column labeled “Rock Name,” locate sandstone. From sandstone, trace left horizontally to the column labeled “Composition.” Note that sandstone is “mostly quartz, feldspar, and clay minerals.” Finally, find the Scheme for Igneous Rock Identification in the Reference Tables for Physical Setting/Earth Science. Locate granite in the upper part of the chart. Trace the column containing granite vertically down to the section labeled “Mineral Composition (relative by volume).” Note that granite is composed of the minerals potassium feldspar, quartz, plagioclase feldspar, biotite, and amphibole. Thus of the choices, the mineral that can be found in the rocks phyllite, sandstone, and granite is quartz. 
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                        Earth’s axis of rotation is tilted at an angle of 23.5° from a perpendicular to Earth’s orbital plane. This position relative to Earth’s orbital plane is best represented in diagram (2).

                        WRONG CHOICES EXPLAINED:

                        (1) In this diagram, Earth’s axis is perpendicular to Earth’s orbital plane instead of being tilted 23.5° from a perpendicular to the orbital plane.

                        (3) In this diagram, Earth’s axis is tilted 23.5° from the orbital plane itself, not 23.5° from a perpendicular to the orbital plane.

                        (4) In this diagram, Earth’s axis of rotation is aligned with Earth’s orbital plane instead of being tilted 23.5° from a perpendicular to the orbital plane.
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                        On a hot, sunny, summer afternoon, sunlight causes land surfaces to increase in temperature more than water surfaces because water has a higher specific heat than land. The cooler air over the water exerts more pressure than the warmer air over the land. Therefore, air pressure over the water will be high, and air pressure over the land will be low. As a result, the air will move from the region of higher air pressure over the water toward the region of lower air pressure over the land, as shown in cross section (4).
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                        By interpolation, it can be inferred that the average diameter and falling velocity of moderate rain will be between the average diameters and falling velocities of light rain and heavy rain. According to the table, the average diameter of light rain is 1.24 millimeters and the average diameter of heavy rain is 2.05 millimeters. Therefore, the average diameter of moderate rain will be between 1.24 and 2.05 millimeters. According to the table, the falling velocity of light rain is 4.8 meters/second and the falling rate of heavy rain is 6.7 meters/second. Therefore, the falling velocity of moderate rain will be between 4.8 and 6.7 meters/second. Only choice (4) has values that fall into these ranges: average diameter = 1.60 mm, falling velocity = 5.7 m/s.

                    



	
1
                        Find the Geologic History of New York State chart in the Reference Tables for Physical Setting/Earth Science. Among the diagrams of index fossils along the bottom of the chart, locate the four index fossils shown in the answer choices. Note the circled letter associated with each of the four index fossils. Note the index fossil corresponding to each choice: 1— Ⓣ, 2— Ⓟ, 3— Ⓘ, and 4— Ⓧ. In the section of the chart labeled “Time Distribution of Fossils (including important fossils of New York),” locate the vertical gray bar labeled “Corals.” Note that the circled letters representing index fossils on this bar are  Ⓣ,   Ⓤ, and  Ⓥ. Thus, the index fossils at the bottom of the chart corresponding to the circled letters Ⓣ, Ⓤ, and  Ⓥ are corals. Therefore, of the choices given, the New York State index fossil that is  classified as a coral is  Ⓣ, which corresponds to the index fossil shown in choice (1).
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2.1u_The natural agents of erosion include:

* Streams (running water): Gradient, discharge,
and channel shape influence a stream’s velocity and
the erosion and deposition of sediments. Sediments
transported by streams tend to become rounded
as a result of abrasion. Stream features include
V-shaped valleys, deltas, flood plains, and meanders.
A watershed is the area drained by a stream and its
tributaries.

See Standard 1: Engineering Design, Key Idea 1;
Standard 1: Mathematical Analysis, Key Idea 2; and
Standard 6, Key Idea 1

44,4579

27

29, 48,49, 50

69-72

29,30, 55, 56,
63, 64,65

« Glaciers (moving ice): Glacial erosional processes
include the formation of U-shaped valleys, parallel
scratches, and grooves in bedrock. Glacial features
include moraines, drumlins, kettle lakes, finger
lakes, and outwash plains.

76

28,20

32

« Wave Action: Erosion and deposition cause chang-
es in shoreline features, including beaches, sandbars,
and barrier islands. Wave action rounds sediments as
aresult of abrasion. Waves approaching a shoreline
‘move sand parallel to the shore within the zone of
breaking waves.

27

Other

* Wind: Erosion of sediments by wind is most com-
mon in arid climates and along shorelines. Wind-
generated features include dunes and sand-blasted
bedrock.

« Mass Movement: Earth materials move downslope
under the influence of gravity.

49

2.1v

Patterns of deposition result from a loss of energy
within the transporting system and are influenced by
the size, shape, and density of the transported parti-
cles. Sediment deposits may be sorted or unsorted.

See Standard 1: Scientific Inquiry, Key Idea 2

46,78

2.1w Sediments of inorganic and organic origin often accu-

mulate in depositional environments. Sedimentary
rocks form when sediments are compacted and/or
cemented after burial or as the result of chemical pre-
cipitation from seawater.

Physical Setting Performance Indicator 2.2:
Explain how incoming solar radiation, ocean
currents, and land masses affect weather and climate.

2.2a

Insolation (solar radiation) heats Earth’s surface and

atmosphere unequally due to variations in:

o the intensity caused by differences in atmospheric
transparency and ange of incidence, which vary
with time of day, latitude, and season;

o characteristics of the materials absorbing the energy,
such as color, texture, transparency, state of matter,
and specific heat;

*_duration, which varies with seasons and latitude.

13-16

58, 76-78

7,14, 16,77,
78,79

17,74

15, 19, 80

2.2b

The transfer of heat energy within the atmosphere, the

hydrosphere, and Earths surface ocurs as the result of

radiation, convection, and conduction.

« Heating of Earth’s surface and atmosphere by the
Sun drives convection within the atmosphere and
oceans, producing winds and ocean currents.

11

18,20, 47
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211

The lithosphere consists of separate plates that ride
on the more fluid asthenosphere and move slowly in
relationship to one another, creating convergent, diver-
gent, and transform plate boundaries. These motions
indicate Earth is a dynamic geologic system.

* These plate boundaries are the sites of most earth-
quakes, volcanoes, and young mountain ranges.

* Compared to continental crust, ocean crust is thin-
ner and denser. New ocean crust continues to form
at mid-ocean ridges.

o Earthquakes and volcanoes present geologic hazards
to humans. Loss of property, personal injury, and
loss of life can be reduced by effective emergency
preparedness.

See Standard 7, Key Idea 2

18,35

24,50, 60

0, 81

25,97, 45,
46,48

48,49

2.1m Many processes of the rock cycle are consequences

of plate dynamics. These include the production of
magma (and subsequent igneous rock formation and
contact metamorphism) at both subduction and rifting
regions, regional metamorphism within subduction
zones, and the creation of major depositional basins
through downwarping of the crust.

15

21n

Many of Earth’s surface features, such as mid-ocean
ridges/rifts, trenches/subduction zones/island arcs,
‘mountain ranges (folded, faulted, and volcanic), hot
spots, and the magnetic and age patterns in surface
bedrock, are a consequence of forces associated with
plate motion and interaction.

17,19

61,62

82

51,52,53

210

Plate motions have resulted in global changes in geog-
raphy, climate, and the patterns of organic evolution.

See Standard 6, Key Idea 5

32

19

2.1p

Landforms are the result of the interaction of tectonic
forces and the processes of weathering, erosion, and
deposition.

21q

Topographic maps represent landforms through the
use of contour lines that are isolines connecting points
of equal elevation. Gradients and profiles can be deter-
‘mined from changes in elevation over a given distance.

See Standard 6, Key Ideas 2 and 3, and Standard 7, Key Idea 2

58-61

4850, 73-T5

24,62, 63, 64

81-84

66, 67, 68

21r

Climate variations, structure, and characteristics of
bedrock influence the development of landscape
features including mountains, plateaus, plains, valleys,
ridges, escarpments, and stream drainage patterns.

20,21

26,32

33,65

2324

21s

Weathering is the physical and chemical breakdown
of rocks at or near Earth’s surface. Soils are the
result of weathering and biological activity over long
periods of time.

31

31

2.1t

Natural agents of erosion, generally driven by grav-
ity, remove, transport, and deposit weathered rock
particles. Each agent of erosion produces distinctive
changes in the material that it transports and creates
characteristic surface features and landscapes. In
certain erosional situations, loss of property, personal
injury, and loss of life can be reduced by effective
emergency preparedness.

See Standard 7, Key Idea 2
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21c

Weather patterns become evident when weather vari-
ables are observed, measured, and recorded. These
variables include air temperature, air pressure, mois-
ture (relative humidity and dewpoint), precipitation
(rain, snow, hail, sleet, etc.), wind speed and direction,
and cloud cover.

10

10

2.1d

Weather variables are measured using instruments
such as thermometers, barometers, psychrometers,
precipitation gauges, anemometers, and wind vanes.

28,34, 71

73

57

2.1e

Weather variables are interrelated. For example:

* Temperature and humidity affect air pressure and
probability of precipitation.

*_Air pressure gradient controls wind velocity.

27,70

43

13

2.1f

Air temperature, dewpoint, cloud formation, and pre-
cipitation are affected by the expansion andcontraction
of air due to vertical atmospheric movement.

71

21g

Weather variables can be represented in a variety of
formats including radar and satellite images, weather
‘maps (including station models, isobars, and fronts),
atmospheric cross sections, and computer models.

See Standard 2, Information Systems, Key Idea 1

8,9

47

37,38,72

14,55,56

2.1h

Atmospheric moisture, temperature, and pressure
distributions; jet streams; wind; air masses and frontal
boundaries; and the movement of cyclonic systems
and associated tornadoes, thunderstorms, and hurri-
canes occur in observable patterns. Loss of property,
personal injury, and loss of life can be reduced by
effective emergency preparedness.

Also see Standard 6, Key Idea 5, and Standard 7, Key Idea 2

10,11,72

7,8, 67,68

31, 32,69,
70,71

42,44,54

14,15, 70

2.1i

Seasonal changes can be explained using concepts of
density and heat energy. These changes include the
shifting of global temperature zones, the shifting of
planetary wind and ocean current patterns, the occur-
rence of monsoons, hurricanes, flooding, and severe
weather.

16

21

Properties of Earth’s internal structure (crust, mantle,
inner core, and outer core) can be inferred from the
analysis of the behavior of seismic waves, including
velocity and refraction.

o Analysis of seismic waves allows the determination
of the location of earthquake epicenters, and the
‘measurement of earthquake magnitude; this analysis
leads to the inference that Earth’s interior is com-
posed of layers that differ in composition and states
of matter.

38,62, 63,65

13,25

20, 42,43, 44

26

2.1k

The outward transfer of Earth’s internal heat drives
convective circulation in the mantle that moves the
lithospheric plates comprising Earth’s surface.
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Physical Setting Key Idea 2:

MANY OF THE PHENOMENA THAT WE OBSERVE ON EARTH INVOLVE
INTERACTIONS AMONG COMPONENTS OF AIR, WATER, AND LAND.

Tntro 1: Earth may be considered a huge machine driven
by two engines, one internal and one external. These heat
engines convert heat energy into mechanical energy.

Intro 2: Earth’s external heat engine is powered primarily
by solar energy and influenced by gravity. Nearly all the
energy for circulating the atmosphere and oceans s supplied
by the Sun. As insolation strikes the atmosphere, a small
percentage is directly absorbed, especially by gases such as
ozone, carbon dioxide, and water vapor. Clouds and Earth’s
surface reflect some energy back to space, and Earth’s sur-
face absorbs some energy. Energy is transferred between
Earths surface and the atmosphere by radiation, conduc-
tion, evaporation, and convection. Temperature variations
within the atmosphere cause differences in density that
cause atmospheric circulation, which is affected by Earth’s
rotation. The interaction of these processes results in the
complex atmospheric occurrence known as weather.

Intro 3: Average temperatures on Earth are the result of
the total amount of insolation absorbed by Earth’s surface
and its atmosphere and the amount of long-wave energy
radiated back into space. However, throughout geologic
time, ice ages occurred in the middle latitudes. In addition,
average temperatures may have been significantly warmer
at times in the geologic past. This suggests that Earth had
climate changes that were most likely associated with long
periods of imbalances of its heat budget.

Intro 4: Earth’s internal heat engine is powered by heat
from the decay of radioactive materials and residual

heat from Earth’s formation. Differences in density resulting
from heat flow within Earth’s interior caused the changes
explained by the theory of plate tectonics: movement of the
lithospheric plates, earthquakes, volcanoes, and the defor-
‘mation and metamorphism of rocks during the formation of
young mountains.

Intro 5: Precipitation resulting from the external heat
engine’s weather systems supplies moisture to Earth’s sur-
face that contributes to the weathering of rocks. Running
water erodes mountains that were originally uplifted by
Earth’s internal heat engine and transports sediments to
other locations, where they are deposited and may undergo
the processes that transform them into sedimentary rocks.

Intro 6: Global climate is determined by the interaction of
solar energy with Earth’s surface and atmosphere. This ener-
gy transfer is influenced by dynamic processes such as cloud
cover and Earth rotation, and the positions of mountain
ranges and oceans.

Physical Setting Performance Indicator 2.1
Use the concepts of density and heat energy to
explain observations of weather patterns, seasonal
changes, and the movements of Earth’s plates.

MAJOR UNDERSTANDINGS
2.1a Earth systems have internal and external sources of
energy, both of which create heat.

21b The transfer of heat energy within the atmosphere,
the the hydrosphere, and Earth’s interior results in the
formation of regions of different densities. These den-
sitydifferences result in motion.
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12d

Asteroids, comets, and meteors are components of our

solar system.

* Impact events have been correlated with mass
extinction and global climatic change.

* Impact craters can be identified in Earth’s crust.

58

18

1.2e

Earth’s early atmosphere formed as a result of the
out-gassing of water vapor, carbon dioxide, nitrogen,
and lesser amounts of other gases from its interior.

1.2f

Earth’s oceans formed as a result of precipitation over
millions of years. The presence of an early ocean is
indicated by sedimentary rocks of marine origin, dating
back about four billion years.

12g

Earth has continuously been recycling water since the
outgassing of water early in its history. This constant
recirculation of water at and near Earth’s surface is
described by the hydrologic (water) cycle.
* Water is returned from the atmosphere to Earth’s
surface by precipitation. Water returns to the atmo-
sphere by evaporation or transpiration from plants.
A portion of the precipitation becomes runoff over
the land or infiltrates into the ground to become
stored in the soil or groundwater below the water
table. Soil capillarity influences these processes.

* The amount of precipitation that seeps into the
ground or runs off is influenced by climate, slope of
the land, soil, rock type, vegetation, land use, and
degree of saturation.

* Porosity, permeability, and water retention affect
runoff and infiltration.

7,42,43

8,9

1,12

10,11, 12

1.2h

The evolution of life caused dramatic changes in the
composition of Earth’s atmosphere. Free oxygen did
not form in the atmosphere until oxygen-producing
organisms evolved.

21

1.2i

The pattern of evolution of life-forms on Earth is at

least partially preserved in the rock record.

* Fossil evidence indicates that a wide variety of life-
forms has existed in the past and that most of these
forms have become extinct.

« Human existence has been very brief compared to
the expanse of geologic time.

29

16,69, 72

17

4,21

1.2

Geologic history can be reconstructed by observing
sequences of rock types and fossils to correlate bed-
rock at various locations.

« The characteristics of rocks indicate the processes
by which they formed and the environments in
which 69 these processes took place.

« Fossils preserved in rocks provide information about
past environmental conditions.

* Geologists have divided Earth history into time units
based upon the fossil record.

o Age relationships among bodies of rocks can be
determined using principles of original horizontality,
superposition, inclusions, cross-cutting relationships,
contact metamorphism, and unconformities.

The presence of volcanic ash layers, index fossils,
and meteoritic debris can provide additional
information.

« The regular rate of nuclear decay (half-life time
period) of radioactive isotopes allows geologists to
determine the absolute age of materials found in
some rocks.

31, 47-50,
4,75, 77

17,19, 23,
43,44, 70,

71,85

18,19, 21,
55, 56,59,
74,75, 76

13,22,32,
47,51-53,78

23,26, 27,57,
58,59, 60, 61,
62,74
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11d

Earth rotates on an imaginary axis at a rate of

15 degrees per hour. To people on Earth, this turning
of the planet makes it seem as though the Sun, the
Moon, and the stars are moving around Earth once a
day. Rotation provides a basis for our system of local
time; meridians of longitude are the basis for time
zones.

See Standard 1: Scientific Inquiry, Key Idea 3

30, 41,68

56

1,29,30

1,62

7,36

Lle

The Foucault pendulum and the Coriolis effect pro-
vide evidence of Earth’s rotation.

9,65

45,46

11f

Earths changing position with regard to the Sun and

the Moon has noticeable effects.

* Earth revolves around the Sun with its rotational
axis tilted at 23.5 degrees to a line perpendicular to
the plane of its orbit, with the North Pole aligned
with Polaris.

« During Earths one-year period of revolution, the tilt
of its axis esults in changes in the angle of incidence
of the Sun’s rays at a given latitude; these changes
cause variation in the heating of the surface. This
produces seasonal variation in weather.

26, 67

5,11,57

5,51,52,
53,54

41,63

Lig

Seasonal changes in the apparent positions of constel-
lations provide evidence of Earth’s revolution.

11h

The Sun’s apparent path through the sky varies with
latitude and season.

79,81

1.1i

‘Approximately 70 percent of Earth’s surface is covered
by a relatively thin layer of water, which responds to
the gravitational attraction of the Moon and the Sun
with a daily cycle of high and low tides.

36,37

Physical Setting Performance Indicator 1.2:
Describe current theories about the origin of the
universe and solar system.

1.2a

The universe is vast and estimated to be over ten bil-

lion years old. The current theory is that the universe

was created from an explosion called the big bang.

Evidence for this theory includes:

« cosmic background radiation;

« aredshift (the Doppler effect) in the light from very
distant galaxies.

3,10

25

6,75,76,77

1.2b

Stars form when gravity causes clouds of molecules
to contract until nuclear fusion of light elements into
heavier ones occurs. Fusion releases great amounts of
energy over millions of years.

« The stars differ from each other in size, tempera-
ture, and age.

« Our Sun is a medium-sized star within a spiral galaxy
of stars known as the Milky Way. Our galaxy contains
billions of stars, and the universe contains billions of
such galaxies.

1,5457

404279

45, 46,47

8

1.2¢

Our solar system formed about five billion years ago
from a giant cloud of gas and debris. Gravity caused
Earth and the other planets to become layered accord-
ing to density differences in their materials.

« The characteristics of the planets of the solar system
are affected by each planet's location in relationship
to the Sun.

* The terrestrial planets are small, rocky, and dense.
The Jovian planets are large and gaseous, and have
low density.

36,37

2,80, 82

2,3,66
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Key Idea 2: Strategies
Solving interdisciplinary problems involves a variety of skills
and strategies, including effective work habits; gathering
and processing information; generating and analyzing ideas;
realizing ideas; making connections among the common
themes of mathematics, science, and technology; and pre-
senting results.

72

48

STANDARD 4—Students will understand and apply scientific concepts,
principles, and theories pertaining to the physical setting and living
environment and recognize the historical development of ideas in

science.

Physical Setting Key Idea L:

EARTH AND CELESTIAL PHENOMENA CAN BE DESCRIBED
BY PRINCIPLES OF RELATIVE MOTION AND PERSPECTIVE.

Intro 1: People have observed the stars for thousands of
years, using them to find direction, note the passage of time,
and to express their values and traditions. As our technology
has progressed, so has understanding of celestial objects
and events.

Tntro 2: Theories of the universe have developed over many
centuries. Although to a casual observer celestial bodies
appeared to orbit a stationary Earth, scientific discoveries
led us to the understanding that Earth is one planet that
orbits the Sun, a typical star in a vast and ancient universe.
We now infer an origin and an age and evolution of the uni-
verse, as we speculate about its future.

Intro 3: As we look at Earth, we find clues to its origin and
how it has changed through nearly five billion years, as well
as the evolution of life on Earth.

Physical Setting Performance Indicator 1.1: Explain
complex phenomena, such as tides, variations in day
length, solar insolation, apparent motion of the planets,
and annual traverse of the constellations.

MAJOR UNDERSTANDINGS
1.1a Most objects in the solar system are in regular and pre-
dictable motion.

« These motions explain such phenomena as the day,
the year, seasons, phases of the moon, eclipses, and
tides.

« Gravity influences the motions of celestial objects.
The force of gravity between two objects in the
universe depends on their masses and the distance
between them.

See Standard 6, Key Idea 4

6,40, 5153,
66

1,9,81

30, 40,41

3, 3840, 60,
61,64

2,82,83,
84,85

1.1b Nine planets move around the Sun in nearly circular
orbits.
« The orbit of each planet is an ellipse with the Sun
located at one of the foci.
« Earth is orbited by one Moon and many artificial
satellites.
See Standard 1: Mathematical Analysis, Key Idea 2, and
Standard 6, Key Ideas 3 and 4

67,68

59

Llc Earth’s coordinate system of latitude and longitude,
with the Equator and Prime Meridian as reference
lines, is based upon Earth's rotation and our
observation of the Sun and stars.

37,38, 39
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STANDARD 2—Students will access, generate, process, and

transfer information, using appropriate technologies.

INFORMATION SYSTEMS
Key Idea 1: Information technology is used to retrieve,
process, and communicate information as a tool to enhance
learning.

Key Idea 2: Knowledge of the impacts and limitations of
information systems is essential to its effective and ethical
use.

Key Idea 3: Information technology can have positive and
negative impacts on society, depending upon how it is used.

72

STANDARD 6—Interconnectedness: Common Themes:
Students will understand the relationships and common

themes that connect mathematics, science, and technology
and apply the themes to these and other areas of learning.

INTERCONNECTEDNESS COMMON THEMES
Key Idea I: Systems Thinking Through systems thinking,
people can recognize the commonalities that exist among all
systems and how parts of a system interrelate and combine
to perform specific functions.

7,30,45,78

20, 32,52,

54,56, 83, 84

8,41, 67,
68,85

15,29, 70

10,30, 38

Key Idea 2: Models

Models are simplified representations of objects, structures,
or systems used in analysis, explanation, interpretation, or
design.

6,0,17,
20, 23,26,
27,30-32,
34-36,39,
4146,
5255,
57-59, 61,
64,66, 67,
69,73, 75,
76,81

1,812,
18-20,

2294, 30,
3237, 40,
41,44, 45,
4750, 55,
58,50, 61,
66,67, 70,
71, 73-T5,
50-84

1,413,
14,21,24,
27-29,31-38,
40, 42,43,
45,4749,
51-54,59-63,
65, 60-74,
80-82

147,12,
14-16,19,
21-93,
27-99,32,
3846, 50,
52,55, 56,
62-64,
66-69,
73-78, 81-85

7,9,15,17,
20,25, 26,27,
28,29, 30,
36,37, 39, 44,
45,46, 47,48,
49,50,51,52,
54,55, 56, 60,
61,62, 63,64,
67,69, 70,75,
80, 82,83,
84,85

Key Idea 3: Magnitude and Scale

The grouping of magnitudes of size, time, frequency, and
pressures or other units of measurement into a series of rel-
ative order provides a useful way to deal with the immense
range and the changes in scale that affect the behavior and
design of systems.

1,76

48,50, 75

59,84

Key Idea 4: Equilibrium and Stability

Equilibrium is a state of stability due either to a lack of
change (static equilibrium) or a balance between opposing
forces (dynamic equilibrium).

80

Key Idea 5: Patterns of Change
Identifying patterns of change is necessary for making pre-
dictions about future behavior and conditions.

7, 16,30, 40,
43,45,52,
53, 62,79

5,9,12,19,
23,35,37,
4143, 55,
57,68, 84

6,41, 45, 47,
53,50, 78

19,36, 37,
51,54, 62,
71,75, 77,
79,80

2,5,23,36,
51,61, 71,83

Key Idea 6: Optimization
In order to arrive at the best solution that meets criteria
within constraints, it is often necessary to make trade-offs.

14,33

STANDARD 7—Interdisciplinary Problem Solving: Studer

nts

will apply the knowledge and thinking skills of mathematics,

science, and technology to address real-life problems and

make informed decisions.

INTERDISCIPLINARY PROBLEM SOLVING
Key Idea 1: Connections
The knowledge and skills of mathematics, science, and tech-
nology are used together to make informed decisions and
solve problems, especially those relating to issues of science/
technology/society, consumer decision making, design, and
inquiry into phenomena.

12
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STANDARD 1—Analysis, Inquiry, and Design: Students will use mathematical analysis, scientific inquiry, and engineering
design, as appropriate, to pose questions, seek answers, and develop solutions.

EXAMINATION QUESTIONS
August June August June August
2017 2018 2018 2019 2019
MATHEMATICAL ANALYSIS 60, 69, 70 5,49, 60, 64, |30,63,74,76 | 11,53, 60, 83 |46, 53, 57, 66,
Key Idea 1: Abstraction and symbolic representation 69, 74, 80 67,72, 84
Key Idea 2: Deductive and inductive reasoning 28,49,51, 13,16, 25, 20, 43,45, 26, 36,37, 51 | 14, 42, 43, 66,
63,70,76  |27,36,43, |47,66,77, 68,79, 80
44,65 78,83
Key Idea 3: Critical thinking skills 28, 67, 68 48, 60, 66 62 66, 81
SCIENTIFIC INQUIRY 2,10,12, 4,22,30, 5,8,33,34, |9,32,43, 8,10,12,21
Key Idea 1: The central purpose of scientific inquiry isto  26,36,39,  [38,42,46, |46,55-60, [49,57,58, |39,61,62,71,
develop explanations of natural phenomena in a continuing, |47.48,50, |54,56,57,  [66,68,79, [61-65,67, |72,73,76,
creative process. 55,56,65, |63,71,76, |84,85 71,73,74, |77,81
67,71,74, 77,84 76, 77,79
79, 81
Key Idea 2: Beyond the use of reasoning and consensus, 59 71 2
scientific inquiry involves the testing of proposed explana-
tions involving the use of conventional techniques and pro-
cedures and usually requiring considerable ingenuity.
Key Idea 3: The observations made while testing proposed |6,8-10,13, 12,3,5,6,8, (2,3,7,10, 4,5,7.8, 1,3,4,5, 14,
explanations, when analyzed using conventional and invent- |15, 17-19, 10,13, 15, 11, 15,17, 10,11, 13, 18,20, 21, 22,
ed methods, provide new insights into phenomena. 24, 25,29, 16,21, 24, 18,19, 20, 14,19,21, 23,24, 25,28,
323537, |925,27-20, |[21,23,24, |25-27,30, 33,34, 35,36,
38,40,50, [31,35,39, (25,2628, |33-35,40, |40,41, 4243,
55,5760, |41,45,47, |30,35,37, 454750, |44,47, 4849,
62-66,73, |49,51-54, [39,42,44, |52,53,55, |50,52 54,55,
77,80,82-85 |59, 61,62, [50,55,56, |56,59,63, |58,59, 60,64,
64,6567, |57,61,65 |66-68,72, |65,66,69,70,
68,70, 71, 72,75, 76, 75,77,79, 71,74,78
78.80,85  |80,81,82  |80,83,85
ENGINEERING DESIGN
Key Idea 1: Engineering design is an iterative process
involving modeling and optimization (finding the best solu-
tion within given constraints); this process is used to develop
technological solutions to problems within given constraints.
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Hurricane Odile

Date _ - Location — Pif:l:'rf‘(rr:’b) Wind Speed (kt)
Latitude (° N) | Longitude (° W)
September 12 15 105 993 50
September 13 16 106 983 65
September 14 19 107 918 120
September 15 23 110 941 110
September 16 27 113 987 55
September 17 30 114 995 40
September 18 31 112 1003 25
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Scheme for Sedimentary Rock Identification
INORGANIC LAND-DERIVED SEDIMENTARY ROCKS

TEXTURE

GRAIN SIZE

COMPOSITION

COMMENTS

ROCK NAME

MAP SYMBOL

Clastic
(fragmental)

Pebbles, cobbles,
and/or boulders
embedded in sand,
silt, and/or clay

Mostly
quartz,

Sand
(0.006 to 0.2 cm)

feldspar, and
clay minerals;
may contain

Silt
(0.0004 to 0.006 cm)

fragments of
other rocks

Clay
(less than 0.0004 cm)

and minerals

Rounded fragments

Conglomerate

Angular fragments

Breccia

Fine to coarse

Sandstone

Very fine grain

Siltstone

Compact; may split
easily

Shale

CHEMICALLY AND/OR ORGANICALLY FORMED SEDIMENTARY ROCKS

TEXTURE

GRAIN SIZE

COMPOSITION

COMMENTS

ROCK NAME

MAP SYMBOL

Crystalline

Fine

Halite

Crystals from

to
coarse

Gypsum

Rock salt

chemical
precipitates

crystals

Dolomite

Rock gypsum

and evaporites

Dolostone

Crystalline or
bioclastic

Bioclastic

TEXTURE

Microscopic to

Calcite

Precipitates of biologic
origin or cemented shell
fragments

Limestone

very coarse

Carbon

Compacted
plant remains

Bituminous coal

Scheme for Metamorphic Rock Identification

COMPOSITION

TYPE OF
METAMORPHISM

COMMENTS

ROCK NAME

MAP SYMBOL

Regional

FOLIATED
MINERAL
ALIGNMENT

Fine
to
medium

Low-grade
metamorphism of shale

Slate

(Heat and
pressure
increases)

Foliation surfaces shiny
from microscopic mica
crystals

Phyllite

GARNET

FELDSPAR
AMPHIBOLE
PYROXENE

Medium
to
coarse

Carbon

Platy mica crystals visible
from metamorphism of clay
or feldspars

Schist

Regional

High-grade metamorphism;
mineral types segregated
into bands

Metamorphism of
bituminous coal

Gneiss

Anthracite coal

Various
minerals

Contact
(heat)

Various rocks changed by
heat from nearby
magma/lava

Hornfels

NONFOLIATED

Quartz
Fine
to

coarse | Calcite and/or

dolomite

Metamorphism of
quartz sandstone

Quartzite

Regional
or
contact

Various

Coarse 5
minerals

Metamorphism of
limestone or dolostone

Marble

Pebbles may be distorted
or stretched

Metaconglomerate
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2.2¢ A location’s climate is influenced by latitude, proximity
to large bodies of water, ocean currents, prevailing
winds, vegetative cover, elevation, and mountain rang-
es.

12,80, 81

15, 18,21, 33

13,15

16,73,75, 76

17,72,73

2.2d Temperature and precipitation patterns are altered by:
* natural events, such as El Nifio and volcanic
eruptions;
« human influences, including deforestation,
urbanization, and the production of greenhouse
gases such as carbon dioxide and methane.

14

12

18,20

Physical Setting Key Idea 3:

MATTER IS MADE UP OF PARTICLES WHOSE PROPERTIES

DETERMINE THE OBSERVABLE CHARACTERISTICS
MATTER AND ITS REACTIVITY.

OF

Intro 1: Observation and classification have helped us
understand the great variety and complexity of Earth mate-
rials. Minerals are the naturally occurring inorganic solid
elements, compounds, and mixtures from which rocks are
‘made. We classify minerals on the basis of their chemical
composition and observable properties. Rocks are generally
classified by their origin (igneous, metamorphic, and sedi-
mentary), texture, and mineral content.

Intro 2: Rocks and minerals help us understand Earth’s
historical development and its dynamics. They are important
to us because of their availability and properties. The use
and distribution of mineral resources and fossil fuels have
important economic and environmental impacts. As limited
resources, they must be used wisely.

Physical Setting Performance Indicator 3.1: Explain the
properties of materials in terms of the arrangement and
properties of the atoms that compose them.

3.1a Minerals have physical properties determined by their
chemical composition and crystal structure.

« Minerals can be identified by well-defined physical
and chemical properties, such as cleavage, fracture,
color, density, hardness, streak, luster, crystal shape,
and reaction with acid.

« Chemical composition and physical properties
determine how minerals are used by humans.

See Standard 6, Key Idea 2

51,52

57

34,35

3.1b Minerals are formed inorganically by the process of
crystallization as a result of specific environmental con-
ditions. These include:

« cooling and solidification of magma;

* precipitation from water caused by such processes
as evaporation, chemical reactions, and temperature
changes;

* rearrangement of atoms in existing minerals subject-
ed to conditions of high temperature and pressure.

79,80

3.1c Rocks are usually composed of one or more minerals.
« Rocks are classified by their origin, mineral content,
and texture.
* Conditions that existed when a rock formed can be
inferred from the rock’s mineral content and texture.
« The properties of rocks determine how they are

used and also influence land usage by humans.

25,33, 64,
73,82-85

20,31,53,54

23,25, 26,
28,35, 61

30, 33, 50,
77,85

33,40,41,54
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