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As spring arrives in Kentucky, it is important to think about the changes that are and will be arriving due to Senate Bill 1.  
What’s the buzz about science and the Kentucky Core Academic Standards?

Did you know included in the new Kentucky Common Core Academic Standards for English Language Arts & Literacy in History/Social Studies, Science and Technical Subjects are science standards for reading and writing? These standards for K–5 reading in history/social studies, science and technical subjects are integrated into the K–5 reading standards. The literacy in science standards are for grade bands, beginning with grade 6-8, then 9-10 and 11-12. To ensure that our students are prepared for college and career when they graduate, we must incorporate the skills described in these standards into our everyday teaching as we ask our students to read and write in science. 
The English/language arts (ELA) standards are organized into two broad categories: Standards for ELA and Standards for Literacy in History/Social Studies, Science and Technical Subjects. The Literacy in Science standards are separate for grades 6-12 and are integrated in grades K-5. These standards are developed around college and career readiness (CCR) anchor standards that define expectations for students at the completion of high school. The anchor standards are divided into four broad areas; Key Ideas and Details; Craft and Structure; Integration of Knowledge and Ideas; and Range of Reading and Level of Text Complexity. You may want to print out these standards and read through them carefully. There are activities in the statements that we typically do with our students when we assign a reading. Some activities we may not do with our students, but we now are charged with using all of these standards to help our students be ready for college and careers in the area of reading in science. 

 It is important to understand that ALL content areas are responsible for developing literacy proficiency in our students. Consider the quote from A First Look at the Common Core and College and Career Readiness (released this month by ACT, Inc.): 

”Content-area reading needs strengthening. Students struggle when reading texts in content areas, especially in science, where only 24% of students are able to work with science materials at a level that would make them college and career ready. To help all students achieve sufficient literacy skills in history/social studies and in science and technical subjects, as well as in English language arts, states must ensure that teachers in these subject areas use their unique content knowledge to foster students’ ability to read, write, and communicate in the various disciplines.”
Choosing Appropriate Text 
Reading Standard 10 addresses text complexity combined with comprehension growth.

The College and Career Readiness Anchor Reading Standard 10: Read and comprehend complex literary and informational texts independently and proficiently. 

The expectation is that a student will be able to understand texts that increase in complexity as that student moves from grade to grade. The ultimate goal is that all students will reach the CCR ability level. Text complexity is discussed in Appendix A of the ELA standards.  
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How is text complexity determined? This visual depicts the three important parts of determining text complexity for our students. Briefly, text complexity is based on a three-part model.

 - Qualitative evaluation of the text (levels of meaning, structure, language conventionality and clarity, and knowledge demands) 

- Quantitative evaluation of the text (readability measures and other scores of text complexity usually measured by a computer program like the Lexile Framework) 

- Reader Task and Considerations (reader variables, such as motivation, knowledge and experiences, and text variables, such as purpose and the complexity generated by the task assigned and the questions posed) 

Consider another quote from A First Look at the Common Core and College and Career Readiness (released this month by ACT, Inc.): 

”Too few students are able to understand complex text. Relative to the Common Core, only 31% of students are performing at a college- and career-ready level with respect to successfully understanding complex text. The Common Core State Standards define a “staircase” of increasing text complexity designed to move all students to college- and career-ready levels of reading by no later than the end of high school. To help prepare all students for the challenges of reading at the college and career readiness level, states should ensure that students are reading progressively more complex texts as they advance through the grades.”
What about Lexile Ranges? 

The Lexile Ranges chart (copied here from Appendix A) shows how MetaMetrics adjusted Lexile ranges so they would align with the required text complexity in the standards’ grade bands. Keep in mind that Lexile measures are based on the length of sentences and how frequently certain words appear. It is one tool teachers can use to help a reader select a text that will match that student’s abilities. Certainly, other factors, like the student’s interests and age, are relevant when guiding a student’s choice of text. Again, in terms of the standards, the student’s ability to show steady progress comprehending complex texts is the desired outcome. 
Text Complexity Grade Bands and Associated Lexile Ranges 

             (Old Lexile Ranges)  
( Lexile Ranges Aligned to CCR expectations) 

K–1 

N/A 



N/A 

2–3 

450–725 


450–790 

4–5 

645–845 


770–980 

6–8 

60–1010 


955–1155 

9–10 

960–1115 


1080–1305 

11–CCR 
1070–1220 


1215–1355 
Visit http://www.lexile.com/ for resources, directions and supports for teachers, students and parents.

What does this look like in your classroom?
In the standards, the grade bands for Literacy in Science are 6-8, 9-10 and 11-12. Suppose you were teaching nuclear science to a class in high school addressing this science content:

	Program of Studies: Understandings
	Program of Studies: Skills and Concepts 
	Related Core Content for Assessment

	SC-H-ET-U-1

Students will understand that transformations that occur within the nuclei of atoms release vastly greater energy than those that involve only electrons, and result in the emission of radiation and/or transformation of elements.
	SC-H-ET-S-1

Students will classify and describe nuclear reactions and their products

SC-H-ET-S-2

Students will investigate the forces inside the nucleus and evaluate the risk/benefits of nuclear energy
	SC-HS-4.6.11

Students will:

· explain the difference between alpha and beta decay, fission and fusion;

· identify the relationship between nuclear reactions and energy.

Nuclear reactions convert a fraction of the mass of interacting particles into energy, and they can release much greater amounts of energy than atomic interactions. Fission is the splitting of a large nucleus into smaller pieces. Fusion is the joining of two nuclei at extremely high temperature and pressure. Fusion is the process responsible for the energy of the Sun and other stars.
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Suppose you teach nuclear chemistry at the high school level. It could be to a specific grade level course from 9-12 or it could be one class with all grade levels. They still need to learn the content, but their required readings should have different text complexities. Take a look at these two articles:
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The ABC of Nuclear Science reads more like a textbook. The article does not have much application of the science, and the concepts are very detailed. The pictures are all diagrams that depict science content, but they are teaching diagrams. This article has a Lexile score of 1330 and is appropriate for students in grades 11-12. The article How Nuclear Power Works has pictures that are more familiar to the students. Even though they are still science-related, most are not diagrams. It connects the topic to the idea of nuclear power in the first paragraph before it begins the text on content. The science content is not as detailed, but still addresses the standard to be taught. The Lexile score for this article is 1160, and it would be appropriate for students in grades 9-10. Both of these articles would be appropriate for the content in the standard, but for different students. As the teacher, you would have make a judgment based on the students’ aptitudes, their experiences and their knowledge of the content.  

In reading articles for science class, you would be addressing the science content standards as well as the KCAS reading standards for literacy.  This text would be ideal for grades 11-12 to address in the reading literacy standards: 

Key Ideas and Details 

Standard 2: Determine the central ideas or conclusions of a text; summarize    

                     complex concepts, processes, or information presented in a text by  

                     paraphrasing them in simpler but still accurate terms.
Craft and Structure 

Standard 4: Determine the meaning of symbols, key terms, and other domain-specific    

                    words and phrases as they are used in a specific scientific or technical   

                    context relevant to grades 11–12 texts and topics.

How do we help students make sense of these complex kinds of readings? Reading strategies can be used to help students organize information from the text and to make meaning of what they have read.  Such strategies for science classrooms can be found in Teaching Reading in Science by Mary Lee Barton and Deborah L. Jordan. In this reading, you may want to use a reading strategy to focus the students on the symbols in this text and to summarize the important content. The reading strategy “Direct Reading/Thinking Activity” is one that might be used to engage students in exploring this topic more deeply. In this kind of activity, you can activate prior knowledge, predict, check for accuracy and provide a format for summarizing major points from the text. A description of how to use this strategy and a template are included below.
For this exercise students should:

· preview the text and complete the first two sections of the form

· fill in the third section by making predictions




· read the text

· complete the last section by accepting or rejecting their predictions and to reinforce their learning
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After students have completed the reading and the activity, they could share with a partner or in a group to make meaning of what they have read and the information they have recorded.
For the article How Nuclear Power Works, the KCAS reading strategies for literacy in science standards from grades 9-10 that best can be addressed are:

Key Ideas and Details 

Standard 2: Determine the central ideas or conclusions of a text; trace the text’s 
                    explanation or depiction of a complex process, phenomenon or concept; 
                    provide an accurate summary of the text. 
Standard 6: Analyze the author’s purpose in providing an explanation, describing a  

                    procedure, or discussing an experiment in a text, defining the question the 

                    author seeks to address.
An example of a reading strategy that could be used for this text is also found in Teaching Reading in Science. This strategy, “Discussion Web,” engages students in discussion to make meaning of what they have read. This is a think-pair-share discussion type of activity. It encourages independent thinking prior to group discussions. 
For this strategy students should:

· Read about a controversial issue and have a look at an example of a discussion web.
· Choose a question that can be answered based on the reading with a “yes” or “no” and write the question in the middle of the web.

· Allow time for students to write down as many “yes or no” ideas that they can think of on the left and right side of the web respectively.
· Share in a group after they have completed the web individually. 
· After the discussion, come to a conclusion and write it below the conclusion box; this can be done individually or in a group. 

· Have a class discussion to review the important points to be taken from the reading.

· Write a summary of the key points discussed from the article in your group. 
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Chances are you are already using text and reading strategies with your students; this introduces you to the new standards with a few examples that may be used in your classroom or as a model for how to incorporate the new literacy in science standards in your lessons.  

What about a Middle School Science Literacy Lesson?
Finding articles that are engaging for middle school students is difficult at best. We have included an article here that we think students will enjoy reading, and it applies to an 8th-grade standard.

	SC-8-UD-U-3

Students will understand that organisms have nervous systems that allow them to react to changes in their surroundings and within themselves. Some of their reactions (e.g. pain response) are determined genetically while others (e.g. pushing a button to obtain food) are learned.
	SC-8-UD-S-2

Students will identify patterns of behavior within populations and classify them as either innate or learned

SC-8-UD-S-3

Students will investigate how the nervous systems of various organisms allow them to react (e.g. vomiting, avoidance) to internal (e.g., food toxins) and external (e.g., predator encounter) stimuli
	SC-08-3.4.3

Students will form or justify conclusions as to whether a response is innate or learned using data/evidence on behavioral responses to internal and external stimuli.

Behavioral responses to internal changes and external stimuli can be innate or learned. Responses to external stimuli can result from interactions with the organism’s own species or other species, as well as environmental changes.
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This article, Fear Matters, details several behaviors that animals have developed to protect themselves from being prey. The article includes pictures within the document, which helps to make it more interesting for middle school students. The Lexile level for this text is 1010, which is appropriate for 8th grade.

To help the students make meaning of the article, we may use a reading strategy called a frame to help students write a summary paragraph. The intent of a frame is to provide structure to help the students organize their thoughts. The purpose of a frame and summary paragraph is to help the students comprehend what they have read. The ultimate goal is to use frames to help students grasp the basic structure of various types of writing. Eventually, students will be able to choose the appropriate structure for their writing without needing to explicitly make use of the frame.  
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One resource for analyzing text we have included is from the Educational Services and Staff Development Association of Central Kansas (ESSDACK). This document has several text structures listed with possible organizational strategies for each and writing frames to use with that particular type of text to help the student compose a summary paragraph. As you look through this document, notice the different text structures identified. We consider Fear Matters to be a cause and effect text structure because it gives the cause as fear and details the ecological effects as a response to the fear the animals experience.   

Using the article this way, we can apply several of the grade 6-8 reading standards for literacy in science from KCAS, such as:

Key Ideas and Details

Standard 1:  Cite specific textual evidence to support analysis of science and         

                      technical texts.

Standard 2:  Determine the central ideas or conclusions of a text; provide an  

                      accurate summary of the text distinct from prior knowledge or  

                      opinions. 

Craft and Structure

Standard 6:  Analyze the author’s purpose in providing an explanation,  

                      describing a procedure, or discussing an experiment in a text.

Next-Generation Science Standards Update

Work is underway at the national level to create a set of Next-Generation Science Standards for the nation. A conceptual framework has been developed by a partnership that includes the National Research Council (NRC), the National Science Teachers Association (NSTA), the American Association for the Advancement in Science (AAAS) and Achieve, Inc. A committee representing these organizations and funded by the Carnegie Corporation has developed a science framework that will be used to guide the development of these standards. 
The purpose of the framework is to establish the conceptual and content underpinnings that will be in the upcoming set of revised science content standards. The key components are presented as separate dimensions in the framework, but are intended to be integrated in the final standards document. Since the public comment period has passed, the draft is no longer available for download and is undergoing revision. 

We have developed an abbreviated version outlining key components of the first draft. Please keep in mind that this outline version refers to a draft and that significant revisions may occur before final release. The outline of the draft may be downloaded from http://www.education.ky.gov/KDE/Instructional+Resources/Curriculum+Documents+and+Resources/CCS+Resources.htm.

The Conceptual Framework has been sent to outside reviewers for comments. They hope to have it finalized and released by late spring 2011. After revisions, it will be passed to Achieve, Inc. to serve as the basis of a new set of Next-Generation Science Standards. Below is an approximate timeline for the development of these items.
	Task
	Date

	
	

	Framework Development & Standards Development Planning
	Fall 2009 - Spring 2010

	Public Vetting of the Draft Framework & Pre-Work on Standards Development
	Summer 2010

	Framework Revision Based on Public Comment
	Late Summer 2010

	Formal Review of Revised Framework
	Spring 2011

	Public Release & Dissemination of Framework
	Late Spring 2011

	Development of Draft Standards 
	Late Spring 2011

	Public Vetting of Draft Standards
	May 2011

	Revision based on Public Comment
	June-September 2011

	Final Review of Draft Standards
	October - December 2011

	Public Release and Dissemination of Next-Generation Science Standards
	December 2011


More information on the process and the composition of the committee can be found at http://www7.nationalacademies.org/bose/Standards_Framework_Homepage.html.

Please send feedback and suggestions for future content to:

sean.elkins@education.ky.gov
suzann.shaver@education.ky.gov
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ABC's of Nuclear Science




Nuclear Structure | Radioactivity | Alpha Decay | Beta Decay |Gamma Decay | Half-Life | Reactions | Fusion | Fission | Cosmic Rays | Antimatter




Please note, when you click on the keywords below, you will get a pop-window. If the new window does not have a scroll bar, you can click on the pop-window and use your arrow keys or scroll wheel to view the rest of the contents of the glossary.




Nuclear Structure
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     An atom consists of an extremely small, positively charged nucleus surrounded by a cloud of negatively charged electrons. Although typically the nucleus is less than one ten-thousandth the size of the atom, the nucleus contains more than 99.9% of the mass of the atom! Nuclei consist of positively charged protons and electrically neutral neutrons held together by the so-called strong or nuclear force. This force is much stronger than the familiar electrostatic force that binds the electrons to the nucleus, but its range is limited to distances on the order of a few x10-15 meters.[image: image8.png]awomic | Newron
Humber || Number






     The number of protons in the nucleus, Z, is called the atomic number. This determines what chemical element the atom is. The number of neutrons in the nucleus is denoted by N. The atomic mass of the nucleus, A, is equal to Z + N. A given element can have many different isotopes, which differ from one another by the number of neutrons contained in the nuclei. In a neutral atom, the number of electrons orbiting the nucleus equals the number of protons in the nucleus. Since the electric charges of the proton and the electron are +1 and -1 respectively (in units of the proton charge), the net charge of the atom is zero. At present, there are 112 known elements which range from the lightest, hydrogen, to the recently discovered and yet to-be-named element 112. All of the elements heavier than uranium are man made. Among the elements are approximately 270 stable isotopes, and more than 2000 unstable isotopes.



Radioactivity


     In 1896, Henri Becquerel was working with compounds containing the element uranium. To his surprise, he found that photographic plates covered to keep out light became fogged, or partially exposed, when these uranium compounds were anywhere near the plates. This fogging suggested that some kind of ray had passed through the plate coverings. Several materials other than uranium were also found to emit these penetrating rays. Materials that emit this kind of radiation are said to be radioactive and to undergo radioactive decay.
     In 1899, Ernest Rutherford discovered that uranium compounds produce three different kinds of radiation. He separated the radiations according to their penetrating abilities and named them alpha,  beta, and  gamma radiation, after the first three letters of the Greek alphabet. The  radiation can be stopped by a sheet of paper. Rutherford later showed that an alpha particle is the nucleus of a He atom, 4He. Beta particles were later identified as high speed electrons. Six millimeters of aluminum are needed to stop most  particles. Several millimeters of lead are needed to stop  rays , which proved to be high energy photons. Alpha particles and  rays are emitted with a specific energy that depends on the radioactive isotope. Beta particles, however, are emitted with a continuous range of energies from zero up to the maximum allowed for by the particular isotope.


α decay


     The emission of an  particle, or 4He nucleus, is a process called  decay. Since  particles contain protons and neutrons, they must come from the nucleus of an atom. The nucleus that results from  decay will have a mass and charge different from those of the original nucleus. A change in nuclear charge means that the element has been changed into a different element. Only through such radioactive decays or nuclear reactions can transmutation, the age-old dream of the alchemists, actually occur. The mass number, A, of an  particle is four, so the mass number, A, of the decaying nucleus is reduced by four. The atomic number, Z, of 4He is two, and therefore the atomic number of the nucleus, the number of protons, is reduced by two. This can be written as an equation analogous to a chemical reaction. For example, for the decay of an isotope of the element seaborgium, 263Sg:


		263Sg ----> 259Rf + 4He
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The atomic number of the nucleus changes from 106 to 104, giving rutherfordium an atomic mass of 263-4=259.  decay typically occurs in heavy nuclei where the electrostatic repulsion between the protons in the nucleus is large. Energy is released in the process of  decay. Careful measurements show that the sum of the masses of the daughter nucleus and the  particle is a bit less than the mass of the parent isotope. Einstein's famous equation, E=mc2, which says that mass is proportional to energy, explains this fact by saying that the mass that is lost in such decay is converted into the kinetic energy carried away by the decay products.


β Decay


     Beta particles are negatively charged electrons emitted by the nucleus. Since the mass of an electron is a tiny fraction of an atomic mass unit, the mass of a nucleus that undergoes  decay is changed by only a tiny amount. The mass number is unchanged. The nucleus contains no electrons. Rather,  decay occurs when a neutron is changed into a proton within the nucleus. An unseen neutrino,[image: image3.png]



, accompanies each  decay. The number of protons, and thus the atomic number, is increased by one. For example, the isotope 14C is unstable and emits a β particle, becoming the stable isotope 14N: 


		14C ----> 14N + e- + [image: image4.png]
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     In a stable nucleus, the neutron does not decay. A free neutron, or one bound in a nucleus that has an excess of neutrons, can decay by emitting a  particle. Sharing the energy with the  particle is a neutrino. The neutrino has little or no mass and is uncharged, but, like the photon, it carries momentum and energy. The source of the energy released in  decay is explained by the fact that the mass of the parent isotope is larger than the sum of the masses of the decay products. Mass is converted into energy just as Einstein predicted.


γ Decay


     Gamma rays are a type of electromagnetic radiation that results from a redistribution of electric charge within a nucleus. A  ray is a high energy photon. The only thing which distinguishes a  ray from the visible photons emitted by a light bulb is its wavelength; the  ray's wavelength is much shorter. For complex nuclei there are many different possible ways in which the neutrons and protons can be arranged within the nucleus. Gamma rays can be emitted when a nucleus undergoes a transition from one such configuration to another. For example, this can occur when the shape of the nucleus undergoes a change. Neither the mass number nor the atomic number is changed when a nucleus emits a  ray in the reaction


 152Dy* ----> 152Dy + γ

Half-life


     The time required for half of the atoms in any given quantity of a radioactive isotope to decay is the half-life of that isotope. Each particular isotope has its own half-life. For example, the half-life of 238U is 4.5 billion years. That is, in 4.5 billion years, half of the 238U on Earth will have decayed into other elements. In another 4.5 billion years, half of the remaining 238U will have decayed. One fourth of the original material will remain on Earth after 9 billion years. The half-life of 14C is 5730 years, thus it is useful for dating archaeological material. Nuclear half-lives range from tiny fractions of a second to many, many times the age of the universe.


For more information on half-life and isotopes, please refer to the Isotopes Project at LBNL where you can also find the Table of Isotopes online.


Reactions


     If nuclei come close enough together, they can interact with one another through the strong nuclear force, and reactions between the nuclei can occur. As in chemical reactions, nuclear reactions can either be exothermic (i.e. release energy) or endothermic (i.e. require energy input). Two major classes of nuclear reactions are of importance: fusion and fission.


Fusion


     Fusion is a nuclear process in which two light nuclei combine to form a single heavier nucleus. An example of a fusion reaction important in thermonuclear weapons and in future nuclear reactors is the reaction between two different hydrogen isotopes to form an isotope of helium:


		  2H + 3H ----> 4He + n
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     This reaction liberates an amount of energy more than a million times greater than one gets from a typical chemical reaction. Such a large amount of energy is released in fusion reactions because when two light nuclei fuse, the sum of the masses of the product nuclei is less than the sum of the masses of the initial fusing nuclei. Once again, Einstein's equation, E=mc2, explains that the mass that is lost it converted into energy carried away by the fusion products.
     Even though fusion n is an energetically favorable reaction for light nuclei, it does not occur under standard conditions here on Earth because of the large energy investment that is required. Because the reacting nuclei are both positively charged, there is a large electrostatic repulsion between them as they come together. Only when they are squeezed very close to one another do they feel the strong nuclear force, which can overcome the electrostatic repulsion and cause them to fuse.
     Fusion reactions have been going on for billions of years in our universe. In fact, nuclear fusion reactions are responsible for the energy output of most stars, including our own Sun. Scientists on Earth have been able to produce fusion reactions for only about the last sixty years. At first, there were small scale studies in which only a few fusion reactions actually occurred. However, these first experiments later lead to the development of thermonuclear fusion weapons (hydrogen bombs).
     Fusion is the process that takes place in stars like our Sun. Whenever we feel the warmth of the Sun and see by its light, we are observing the products of fusion. We know that all life on Earth exists because the light generated by the Sun produces food and warms our planet. Therefore, we can say that fusion is the basis for our life.
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The Origin of Solar Energy





     When a star is formed, it initially consists of hydrogen and helium created in the Big Bang, the process that created our universe. Hydrogen isotopes collide in a star and fuse forming a helium nucleus. Later, the helium nuclei collide and form heavier elements. Fusion is a nuclear reaction in which nuclei combine to form a heavier nucleus. It is the basic reaction which drives the Sun. Lighter elements fuse and form heavier elements. These reactions continue until the nuclei reach iron (around mass sixty), the nucleus with the most binding energy. When a nucleus reaches mass sixty, no more fusion occurs in a star because it is energetically unfavorable to produce higher masses. Once a star has converted a large fraction of its core's mass to iron, it has almost reached the end of its life.


     The fusion chain cannot continue so its fuel is reduced. Some stars keep shrinking until they become a cooling ember made up of iron. However, if a star is sufficiently massive, a tremendous, violent, brilliant explosion can happen. A star will suddenly expand and produce, in a very short time, more energy than our Sun will produce in a lifetime. When this happens, we say that a star has become a supernova.


     While a star is in the supernova phase, many important reactions occur. The nuclei are accelerated to much higher velocities than can occur in a fusing star. With the added energy caused by their speed, nuclei can fuse and produce elements higher in mass than iron. The extra energy in the explosion is necessary to over come the energy barrier of a higher mass element. Elements such as lead, gold, and silver found on Earth were once the debris of a supernova explosion. The element iron that we find all through the Earth and in its center is directly derived from both super novae[image: image10.png]



 and dead stars.


More peaceful uses of fusion are being researched today with the hope that soon we will be able to control fusion reactions to generate clean, inexpensive power.


Fission


     Fission is a nuclear process in which a heavy nucleus splits into two smaller nuclei. An example of a fission reaction that was used in the first atomic bomb and is still used in nuclear reactors is


		235U + n ----> 134Xe + 100Sr + 2n
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     The products shown in the above equation are only one set of many possible product nuclei. Fission reactions can produce any combination of lighter nuclei so long as the number of protons and neutrons in the products sum up to those in the initial fissioning nucleus. As with fusion, a great amount of energy can be released in fission because for heavy nuclei, the summed masses of the lighter product nuclei is less than the mass of the fissioning nucleus.
     Fission occurs because of the electrostatic repulsion created by the large number of positively charged protons contained in a heavy nucleus. Two smaller nuclei have less internal electrostatic repulsion than one larger nucleus. So, once the larger nucleus can overcome the strong nuclear force which holds it together, it can fission. Fission can be seen as a "tug-of-war" between the strong attractive nuclear force and the repulsive electrostatic force. In fission reactions, electrostatic repulsion wins.
     Fission is a process that has been occurring in the universe for billions of years. As mentioned above, we have not only used fission to produce energy for nuclear bombs, but we also use fission peacefully everyday to produce energy in nuclear power plants. Interestingly, although the first man-made nuclear reactor was produced only about fifty years ago, the Earth operated a natural fission reactor in a uranium deposit in West Africa about two billion years ago!
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Text Structures



		Structure

		Definition

		Signal Words

		Graphic Organizers

		Summary Questions

		Paragraph Frames



		Description

		The author explains a topic, idea, person, place, or thing by listing characteristics, features, and examples.


Focus is on one thing and its components.

		For example


Characteristics are


Such as


Looks like


Consists of


For instance


Most important


*Look for topic word (or synonym) to be repeated throughout the text.

		Concept Map




		What specific person, place, thing, event, or concept is being described?


How is the topic described? (How does it work? What does it do? What does it look like? Etc.)


What are the most important attributes or characteristics?


How can the topic be classified? (For example, a robin can be classified as a type of bird.)




		A ________ is a type of _________. It is made up of ____________ and looks like ___________.  Some ________ have _________ such as _________.  For example, _____________.   Now you can recognize the ____________.






		Sequence 

		The author lists items or events in numerical or chronological order.


Describes the order of events or how to do or make something.

		First, second, third


Next


Then, after


Before, prior to


Not long after


While, meanwhile


Simultaneously


At the same time


Following


Finally


At last


In the end


On (date)


At (time)


Directions




		

 Timeline


          1    2    3    4   5


Steps/Directions


Cycle/Circle












		What sequence of events is being described?


What are the major events or incidents that occur?


What are the steps, directions, or procedures to follow?  (What must be done first, second, etc.?)


What is the beginning event?


What other events or steps are included?


What is the final outcome, event, or step?




		Here is how a _________ is made.  First, ___________________________.  Next, ______________________.  Then, ______________.  Finally, ____________.


On (date) _________ happened.  Prior to that _________ was ________.  Then __________.  After that _____________.  In the end, ____________________.  






		Compare 


and 


Contrast 

		The author explains how two or more things are alike and/or how they are different.

		Differs from


Similar to


In contrast


Alike


Same as


As well as


On the other hand


Both


Either , or


Not only, but also


Yet, although, but, However


On the other hand


* Also look for       “-est” words: best, fewest, tallest, etc.

		Venn Diagram 




T-Chart








     Alike                 Different

		What items are being compared? 


What is it about them that is being compared?  


What characteristics of items form the basis of the comparison? 


What characteristics do they have in common; how are these items alike?


In what way are these items different?




		_____________ and ___________ are alike in several ways.  Both ________ and __________ have similar ___________.  Both also ________ as well as _________.  On the other hand, there are some differences as well.  One way they differ is __________.  Another difference is _____________.  Although they share ______, only ________ is the _____-est.  






		Structure

		Description

		Signal Words

		Graphic Organizers

		Summary Questions

		Paragraph Frames



		Cause 


and 


Effect 

		The author lists one or more causes or events and the resulting consequences or effects.


Effect = What happened?


Cause = What made it happen? 


Purpose is to explain why or how something


happened, exists, or works.


*Often there will be an  “if/then” pattern




		Reasons why


Reasons for


If…then


As a result of


Therefore


Because of


So


Since


In order to


Leads or leads to


Effects of


Caused by


Result


Outcome


Impact


Influenced by


Brought about by




		



                          Effect #1




   Cause             Effect #2




                  


                          Effect #3




 










		What happened?  


Why did it happen?  What was the reason for…?


What was the effect(s) of the event?  What happened as a result of….?


What were the results or outcomes caused by the event?


In what ways did prior event(s) cause or influence the main event?


Will this result always happen from these causes?




		The reason why ________ happened was  because of __________.  If ________, then _________.  In order to _______, ______________.  Since ______, ___________.  Finally, due to ______________, _____________.  This explains why _____________.



		Problem 


and 


Solution 

		The author states a problem and lists one or more possible solutions to the problem.


May also include the pros and cons for the solutions.

		Problem is…


Dilemma is…


Puzzle is…


Solved


Question 


Answer


Because


Since


This led to


The main difficulty


One possible solution is…


One challenge…


Therefore, 


This led to, so that


If…then, thus




		

Fishbone






    Problem


                                     Solutions




             






		What is the problem(s)?  


Who had the problem?


What is causing the problem?


Why is this a problem?


What is wrong and how can it be taken care of?


What solutions are recommended or attempted?


What can be improved, changed, fixed, or remedied?


What are the pros and cons of the solutions offered?




		____________ had/is a problem because ________________.  One possible solution is ____________.  This answer is good because ____________.  Therefore, _______________.  As a result, ____________.





Solution







Problem #2







Problem #2







Problem #2







Cause #1







Cause #2







Step 3







Step 2







Step 1







Effect







Cause #3







Effect











*All five text structures are tested on Kansas Reading Assessment                          C.Simoneau, K.Orcutt, T.Konrade  © ESSDACK 
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Fear Matters
Jennifer Cutraro


Halloween is a spooky time of year. After hearing all the scary stories and seeing all the scary costumes, you might start to imagine ghosts lurking in the shadows, witches flying across the sky, and skeletons dancing in graveyards. You probably wouldn't be surprised if a goblin jumped out from the bushes during recess and shouted, "Boo!" 
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		Even kids who know that ghosts aren't real can get scared on Halloween.



		Carole Pasquier/Wikipedia





Even if you've never been afraid of the dark, you might find yourself looking for monsters under the bed and sleeping with a night-light on as the end of October approaches. If so, don't feel you're acting like a coward. It's perfectly normal to change your behavior when you feel afraid. After all, animals do it too. 


"Fear matters," says Karen Warkentin, a Boston University ecologist. "It's a good thing," she adds, "because fear makes you do things that keep you alive." 


Spooked frogs 


Like kids, many animals experience fear. And they respond to the feeling in a variety of ways. Antelope on the plains of Africa, for example, run at the sight of a lion. A frightened turtle pulls its head and legs inside its shell. And small fish swim away when a big, hungry fish approaches. 


Some animals respond to fear in ways you might not expect. The fear of being eaten, for instance, can scare some frogs right out of their eggs. Warkentin made that surprising discovery several years ago while studying tropical red-eyed treefrogs in Costa Rica. 
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		The Costa Rican red-eyed tree frog lays its eggs in a jellylike mass on the undersides of leaves.



		Karen Warkentin





In this species, female frogs attach jellylike clumps of their eggs to the undersides of leaves. The leaves hang on branches that dangle over ponds. When embryos hatch from the jellylike mass of eggs, tadpoles tumble into the water, where they eventually grow into adult frogs. 


Treefrog eggs usually grow for 6 days before hatching. If the embryos sense that a hungry snake is about to attack, however, they can hatch up to 2 days ahead of schedule. Their snake predators can't swim. So, by falling into the water early, the tadpoles escape the serpents' hungry jaws. 


How can unborn frogs know that a snake is about to attack? Warkentin looked for an answer to that question by experimenting with frog eggs in her laboratory. 
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		A hungry cat-eyed snake attacks a sticky mass of tree frog eggs. To the right of the snake's head, you can see a tadpole hatching early and escaping to the relative safety of a pond below. Karen Warkentin



		






An approaching snake, she discovered, produces vibrations separated by brief pauses. When Warkentin shook a clump of frog eggs in a similar pattern, the embryos came tumbling out. 


Other sound patterns, such as the pitter-patter of rain or the continuous shaking of a landing bird, didn't seem to scare the embryos, and they stayed put. Warkentin concluded that treefrogs can both detect vibrations and recognize when the motion is coming from a snake. 


If hatching early helps protect red-eyed treefrogs from snakes, you might wonder why their eggs don't always hatch sooner. It turns out that hatching early brings its own dangers. 


Once tadpoles land in the water, hungry fish, shrimp, and other animals like to eat them too. Staying in their eggs for a full 6 days, then, allows frog embryos to grow big and strong. This extra growth improves their odds of surviving in the water. 
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		Tree frog embryos have plenty to fear, including hungry snakes on land and other predators in the water.



		Karen Warkentin





In a snakefree environment, in other words, it makes the most sense for a frog embryo to wait 6 days before hatching. But, Warkentin points out, "If staying in the egg means you're going to be eaten by a snake, you might as well find out what's in the water." 


Ecology of fear 


Fear can do more than affect animal behavior. It can actually influence entire ecosystems, say forest ecologists William Ripple and Robert Beschta of Oregon State University in Corvallis. 


In Wyoming's Yellowstone National Park, for example, the whole food web shifts when there are wolves around for the elk to worry about. 
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		Fear of predators, such as this wolf in Yellowstone National Park, can cause an entire ecosystem to shift.



		Barry O'Neill





Grey wolves eat elk. And there used to be lots of wolves in the park. Then, in the 1920s, wolves were removed from the area. As a result, the elk population exploded. Aspen trees in the park began to suffer because the large elk population was eating young trees before they had a chance to mature. 


In the mid-1990s, scientists reintroduced wolves to the park. They expected that elk numbers would drop and aspen numbers would rise. Instead, a surprising sequence of events followed. 


The elk population declined somewhat, but remained large enough to damage the aspens. Nevertheless, aspen trees returned to parts of the park where they hadn't grown for years, Ripple and colleagues reported last summer. 


So, how is it that young aspen trees are surviving, even as the elk population continues to thrive? 


Ripple and Beschta suspect the park's elk change their diets when they face an elevated risk (and fear) of being eaten themselves. Rather than munching on young aspen trees growing near streams, elk are spending more time on hills where they can easily see approaching wolves. Elk are also retreating deeper into the forest, where wolves are less likely to spot them. 
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		Elk in Yellowstone National Park have a lot more to fear now that wolves are back.



		NPS Photo by John Brandow





"With wolves back in the ecosystem," Ripple says, "The elk become more wary, more vigilant, and much more careful as to where they go and where they browse and graze." 


He calls this ecosystem-wide phenomenon “ecology of fear." It's possible, he says, that similar relationships shape food webs all over the world. 


"There are probably many interconnections and functions that we don't know about yet," he adds. 


It's important that wildlife managers recognize that a predator like a wolf can affect plants, even when it doesn't eat them, Ripple says. In Yellowstone, for example, it wasn't necessary to kill elk in order to protect the aspens. 


Sometimes, Warkentin says, with animals like these, "You just have to scare them." 





http://www.sciencenewsforkids.org/articles/20071031/Feature1.asp
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Introduction to How Nuclear Power Works


Nuclear Power Image Gallery




David McGlynn/ Photographer's Choice RF/Getty Images
Tricastin Nuclear Power Plant is one of 59 French plants that provide 75 percent of the country's electricity. See more pictures of nuclear power. 

When you hear the words "nuclear power," different images may flicker through your mind: concrete coolant towers emitting torrents of steam, a mushroom cloud rising high into the sky or even Homer Simpson asleep at the control panel.


Some peopl​e praise the technology as a low-cost, low-emission alternative to fossil fuels, while others stress the negative impact of nuclear waste and accidents such as Three Mile Island and Chernobyl. There's a lot of discussion out there about nuclear power's role in our lives, but what's going on at the heart of these power plants?


		Up Next


· Nuclear Power Quiz

· ​How Nuclear Bombs Work

· Curiosity Project: Pros and Cons of Nuclear Power Pictures





​​​As of July 2008, there were more than 430 operating nuclear power plants and, together, they provided about 15 percent of the world's electricity in 2007. Of these 31 countries, some depend more on nuclear power than others. For instance, in France about 77 percent of the country's electricity comes from nuclear power [source: NEI]. Lithuania comes in second, with an impressive 65 percent. In the United States, 104 nuclear power plants supply 20 percent of the electricity overall, with some states benefiting more than others.


Despite all the cosmic energy that the word "nuclear" invokes, power plants that depend on atomic energy don't operate that differently from a typical coal-burning power plant. Both heat water into pressurized steam, which drives a turbine generator. The key difference between the two plants is the method of heating the water. While older plants burn fossil fuels, nuclear plants depend on the heat that occurs during nuclear fission, when one atom splits into two.


​In this article, we'll examine the process of fission, look at what goes on inside and outside a nuclear power plant and discuss some of the pros and cons of nuclear power. 


Nuclear Fission


​Everyone from comic book writers to theoretical physicists have characterized the splitting of the atom as the ultimate act of man playing God, so it's easy to forget that nuclear fission happens naturally every day. Uranium, for example, constantly undergoes spontaneous fission very slowly. This is why the element emits radiation, and why it's a natural choice for the induced fission that nuclear power plants require.


Uranium is a common element on Earth. It's been around since the planet formed. Uranium-238 (U-238) has an extremely long half-life (the time it takes for half its atoms to decay) of 4.5 billion years. Therefore, it's still present in fairly large quantities. U-238 makes up 99 percent of the uranium on Earth, while uranium-235 (U-235) makes up about 0.7 percent of the remaining uranium found naturally. Uranium-234 is even rarer, formed by the decay of U-238. U-238 goes through many stages of decay in its life span, eventually forming a stable isotope of lead, so U-234 is just one link in that chain.


Uranium-235 has an interesting property that makes it handy for the production of both nuclear power and nuclear bombs. U-235 decays naturally, just as U-238 does, by alpha radiation: It throws off an alpha particle, or two neutrons and two protons bound together. U-235 also undergoes spontaneous fission a small percentage of the time. However, U-235 is one of the few materials that can undergo induced fission. If a free neutron runs into a U-235 nucleus, the nucleus will absorb the neutron, become unstable and split immediately. See How Nuclear Radiation Works for complete details.


​ 
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The animation to the right shows a uranium-235 nucleus with a neutron approaching from the top. The probability of a U-235 atom capturing a neutron as it passes by is high. In fact, under reactor conditions, one neutron ejected from each fission causes another fission to occur.


As soon as the nucleus captures the neutron, it splits into two lighter atoms and throws off two or three new neutrons (the number of ejected neutrons depends on how the U-235 atom splits). The process of capturing the neutron and splitting happens very quickly, on the order of picoseconds (1x10-12 seconds).


The decay of a single U-235 atom releases approximately 200 MeV (million electron volts). That may not seem like much, but there are a lot of uranium atoms in a pound (0.45 kg) of uranium. So many, in fact, that a pound of highly enriched uranium as us​ed to power a nuclear submarine is equal to about a million gallons of gasoline.


		What about plutonium?


Uranium-235 isn't the only possible fuel for a power plant. Another fissionable material is plutonium-239. Plutonium-239 is created by bombarding U-238 with neutrons, a common occurrence in a nuclear reactor.





​The splitting of an atom releases an incredible amount of heat and gamma radiation, or radiation made of high-energy photons. The two atoms that result from the fission later release beta radiation (super fast electrons) and gamma radiation of their own as well. The energy released by a single fission comes from the fact that the fission products and the neutrons, together, weigh less than the original U-235 atom. The difference in weight is converted directly to energy at a rate governed by the equation E = mc2.


However, for all of this to work, a sample of uranium must be enriched so that it contains 2 to 3 percent more U-235. Three-percent enrichment is sufficient for nuclear power plants, but weapons-grade uranium is composed of at least 90 percent U-235.


Subcriticality, Criticality and Supercriticality


When a U-235 atom splits, two or three neutrons fly off. If there are no other U-235 atoms around, then those free neutrons fly into space as neutron rays. However, if the U-235 atom is part of a mass of uranium, then there are plenty of other U-235 atoms nearby for the freewheeling neutrons to collide with. Will one or more of the free neutrons hit another U-235 atom? The answer to that question determines a nuclear reactor's status.
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Alexander Joe/AFP/Getty Images
A dump truck drives over the scarred earth of the Rossing Uranium Mine in Namibia. 

​Critical mass: If, on average, exactly one of the free neutrons from each fission hits another U-235 nucleus and causes it to split, then the mass of uranium is said to be critical. The mass will ex​ist at a stable temperature.


Subcritical mass: If, on average, less than one of the free neutrons hits another U-235 atom, then the mass is subcritical. Eventually, induced fission will end under these conditions and your source of power along with it.


Supercritical mass: If, on average, more than one of the free neutrons hits another U-235 atom, then the mass is supercritical. This will cause the reactor to heat up.


In designing a nuclear bomb, engineers need the mass of uranium to be very supercritical so that all of the U-235 atoms in the mass split in a single microsecond. Think of it as all the kernels in a bag of popcorn popping at once, as opposed to sequentially.


In a nuclear reactor, however, the last thing you (and the rest of the world) want is all your atoms splitting at once. But the reactor core needs to be slightly supercritical so that plant operators can raise and lower the temperature of the reactor. The control rods give the operators a way to absorb free neutrons so operators can maintain the reactor at a critical level. We'll talk more about this next.


		Quiz Corner


Think you know all there is to know about nuclear power plants? Test your knowledge with our Nuclear Power Quiz.





​How do engineers control the criticality of the uranium? The amount of U-235 in the mass (the level of enrichment) plays a role, as does the shape of the mass itself. If the shape of the mass is a very thin sheet, most of the free neutrons will fly off into space rather than hitting other U-235 atoms. As such, a sphere is the optimal shape, and you'd need 2 pounds (0.9 kg) of uranium-235 in it in to achieve a critical reaction. This amount is therefore referred to as the critical mass. For P-239, the critical mass is about 10 ounces (283 grams).


​How do technicians control these levels? Find out on the next page. 


Inside a Nuclear Power Plant


To turn nuclear fission into electrical energy, the first step for nuclear power plant operators is to be able to control the energy given off by the enriched uranium and allow it to heat water into steam.


Enriched uranium is typically formed into inch-long (2.5-cm-long) pellets, each with approximately the same diameter as a dime. Next the pellets are arranged into long rods, and the rods are collected together into bundles. The bundles are submerged in water inside a pressure vessel. The water acts as a coolant. For the reactor to work, the submerged bundles must be slightly supercritical. Left to its own devices, the uranium would eventually overheat and melt.
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To prevent overheating, control rods made of a material that absorbs neutrons are inserted into the uranium bundle using a mechanism that can raise or lower the control rods. Raising and lowering the control rods allow operators to control the rate of the nuclear reaction. When an operator wants the uranium core to produce more heat, the control rods are raised out of the uranium bundle (thus absorbing fewer neutrons). To create less heat, they are lowered into the uranium bundle. The rods can also be lowered completely into the uranium bundle to shut the reactor down in the case of an accident or to change the fuel.


The uranium bundle acts as an extremely high-energy source of heat. It heats the water and turns it to steam. The steam drives a turbine, which spins a generator to produce power. Humans have been harnessing the expansion of water into steam for hundreds of years. To learn more about the properties involved, read How Steam Technology Works.


In some nuclear power plants, the steam from the reactor goes through a secondary, intermediate heat exchanger to convert another loop of water to steam, which drives the turbine. The advantage to this design is that the radioactive water/steam never contacts the turbine. Also, in some reactors, the coolant fluid in contact with the reactor core is gas (carbon dioxide) or liquid metal (sodium, potassium); these types of reactors allow the core to be operated at higher temperatures.


Given all the radioactive elements inside a nuclear power plant, it shouldn't come as a surprise that there's a little more to a plant's outside than you'd find at a coal power plant. In the next section, we'll explore the various protective barriers between you and the atomic heart of the plant. 


Outside a Nuclear Power Plant


Once you get past the reactor itself, there's very little difference between a nuclear power plant and a coal-fired or oil-fired power plant, except for the source of th​e heat used to create steam. But as that source can emit harmful levels of radiation, extra precautions are required.
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Martin Rose/Getty Images Entertainment/​Getty Images
As you can tell by looking at this photograph of Germany's Brokdorf nuclear plant, concrete plays an important role in containing radioactive materials.

​A concrete liner typically houses the reactor's pressure vessel and acts as a radiation shield. That liner, in turn, is housed within a much larger steel containment vessel. This vessel contains the reactor core, as well as the equipment plant workers use to refuel and maintain the reactor. The steel containment vessel serves as a barrier to prevent leakage of any radioactive gases or fluids from the plant.


An outer concrete building serves as the final outer layer, protecting the steel containment vessel. This concrete structure is strong enough to survive the kind of massive damage that might result from earthquakes or a crashing jet airliner. These secondary containment structures are necessary to prevent the escape of radiation/radioactive steam in the event of an accident. The absence of secondary containment structures in Russian nuclear power plants allowed radioactive material to escape in Chernobyl.


Workers in the control room at the nuclear power plant can monitor the nuclear reactor and take action if something goes wrong. Nuclear facilities also typically feature security perimeters and added personnel to help protect sensitive materials.


​As you probably know, nuclear power has its share of critics, as well as its supporters. One the next page, we'll take a quick look at some of the pros and cons of splitting an ​atom to keep everyone's TVs and toasters running. 


​ 


Pros and Cons of Nuclear Power Plants


Whether you view nuclear power as the promise for a better tomorrow or a whopping down payment on a mutant-filled apocalypse, there's a good cha​nce you won't be easily converted to the other side. After all, nuclear power boasts a number of advantages, as well as its share of downright depressing negatives.
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Sergei Supinsky /AFP/​Getty Images
This storage facility near the site of the Chernobyl Nuclear Power Plant currently houses nuclear waste.

​As far as positives go, nuclear power's biggest advantages are tied to the simple fact that it doesn't depend on fossil fuels. Coal and natural gas power plants emit carbon dioxide into the atmosphere, contributing to climate change. With nuclear power plants, CO2​ emissions are minimal.


According to the Nuclear Energy Institute, the power produced by the world's nuclear plants would normally produce 2 billon metric tons of CO2 per year if they depended on fossil fuels. In fact, a properly functioning nuclear power plant actually releases less radioactivity into the atmosphere than a coal-fired power plant [source: Hvistendahl]. By not depending on fossil fuels, the cost of nuclear power also isn't affected by fluctuations in oil and gas prices.


As for negatives, nuclear fuel may not produce CO2, but it does provide its share of problems. Historically, mining and purifying uranium hasn't been a very clean process. Even transporting nuclear fuel to and from plants poses a contamination risk. And once the fuel is spent, you can't just throw it in the city dump. It's still radioactive and potentially deadly.


On average, a nuclear power plant annually generates 20 metric tons of used nuclear fuel, classified as high-level radioactive waste. When you take into account every nuclear plant on Earth, the combined total climbs to roughly 2,000 metric tons yearly [source: NEI]. All of this waste emits radiation and heat, meaning that it will eventually corrode any container and can prove lethal to nearby life forms. As if this weren't bad enough, nuclear power plants produce a great deal of low-level radioactive waste in the form of radiated parts and equipment.


Eventually spent nuclear fuel will decay to safe radioactive levels, but it takes tens of thousands of years. Even low-level radioactive waste requires centuries to reach acceptable levels. Currently, the nuclear industry lets waste cool for years before mixing it with glass and storing it in massive cooled, concrete structures. In the future, much of this waste may be transported deep underground. In the meantime, however, this waste has to be maintained, monitored and guarded to prevent the materials from falling into the wrong hands. All of these services and added materials cost money -- on top of the high costs required to build a plant.


Nuclear waste can pose a problem, and it's the result of properly functioning nuclear power plants. When something goes wrong, the situation can turn catastrophic. The Chernobyl disaster is a good recent example. In 1986, the Ukrainian nuclear reactor exploded, spewing 50 tons of radioactive material into the surrounding area, contaminating millions of acres of forest. The disaster forced the evacuation of at least 30,000 people, and eventually caused thousands to die from cancer and other illnesses [source: History Channel].


Chernobyl was poorly designed and improperly operated. While the plant required constant human attention to keep the reactor from malfunctioning, modern plants require constant supervision to keep from shutting down. Still, Chernobyl is a black eye for the nuclear power industry, often overshadowing some of the environmental advantages the technology has to offer.


​Explore the links on the next page to learn more about nuclear energy. 
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