
Physical Science
Module 

PS-2.7
Structure and Properties of Atoms
Lessons A-B

Instructional Progression:
Students were introduced to the process of nuclear decay in PS-2.2 and to fusion and fission in PS-2.6. PS-1.7 requires that Physical Science students can evaluate technology on the basis of designated criteria. As South Carolina is a major player in the United States nuclear program, it is important that students can understand and evaluate nuclear applications. 
Taxonomy level of indicator:
2.7-B Understand Conceptual Knowledge 

Key Concepts:

Nuclear medicine

Nuclear power reactors

Nuclear weapons
Content Overview:
It is essential for students to understand that the term “consequences” refers to both those that are negative and those that are positive. They also need to understand that nuclear decay occurs naturally in many elements that are common on earth, and there is always some radiation present in every environment. The degree to which radiation is harmful to living organisms depends upon the type of radiation and the quantity of radiation to which the organism is exposed.

Students need to understand the identified nuclear applications in the indicator:

Nuclear medicine

Understand that radioactive materials are used in medical technologies.

· Examples of benefits might include: Using radiation that results from the decay of certain isotopes to destroy targeted cells, such as cancer cells.

Cells are most susceptible to damage from radiation during the process of cell division.

As cancer cells divide at a very fast rate, they are destroyed in greater numbers than normal cells, which divide less often.  Use the radiation that results from the decay of certain isotopes as a way of mapping the path of various substances through targeted organ systems.

Most substances that naturally pass through specific body systems can be “tagged” with radioactive samples of the same substances. The radioactivity can then be traced (using a Geiger counter, photographic film, or computers with “gamma cameras”) as the “tagged” substance naturally makes its way through the targeted body system thus revealing how the body system is functioning. In this manner, the natural functioning of the body system can be observed.

· Examples of possible drawbacks might include:

Waste from nuclear medicine must be stored in a special way until it is no longer radioactive.

Radiation treatment directed at cancerous cells will also cause some damage to healthy tissue.

Newer radiation treatments seek to minimize the damage to the healthy tissue while still destroying the cancerous tissue.

Understand that some fission and fusion nuclear reactions can be used in weapons.

· Examples of benefits might include:

Some people believe that nuclear weapons are a deterrent to war.

· Examples of possible drawbacks might include:

Specialized technology is required to refine the fuel and to produce the weapons.

Tremendous amounts of energy available from small amounts of fuel so smuggling is possible.

The potential is for a tremendous amount of destruction, both material and biological.

Contamination of the environment with fission-product isotopes, many of which are radioactive and remain so for very long periods of time.

Waste from the production of nuclear weapons must be stored in a special way until it is no longer radioactive, which can be a very long time.

Nuclear waste must be transported from where it is generated to where it will be stored, which very often involves passing through populated areas.

Improper handling of nuclear materials and possible leakage can cause radioactive isotopes to contaminate the environment, causing long-term radioactive decay problems.

Nuclear-power reactors

Understand how nuclear technology is used to produce electricity

· Energy from controlled nuclear fission is used to heat water into steam,

The steam expands turning a turbine which spins a huge magnet within a coil of metal wire.

The moving magnetic field forces electrons to flow in the metal wire.

· The primary difference between a coal-powered electric generating plant and a nuclear-powered electric generating plant is the method of heating water; the other processes in the sub-bullets above are the same in both types of power plants (see PS-6.11 Generators).

· Examples of benefits might include:

Tremendous amounts of energy available from small amounts of fuel

No greenhouse gas or other air pollution from the burning of fossil fuels

Can be used anywhere (as opposed to wind power, solar power, hydroelectric power, etc)

Abundance of fuel

Non-reliance on fossil fuel

· Examples of possible drawbacks might include:

Requires specialized technology to refine the fuel.

Can cause thermal pollution to water systems.

Waste from nuclear fission reactors must be stored in a special way until it is no longer radioactive, which can be a very long time.

Nuclear waste must be transported from where it is generated to where it will be stored which very often involves passing through populated areas.

Improper handling of nuclear materials and possible leaks can cause radioactive isotopes to contaminate the environment, causing long-term radioactive decay problems.

Accidents in poorly designed or poorly maintained facilities, such as Chernobyl or Three Mile Island.

Exposure of workers in nuclear facilities to radiation.

Teaching Lesson A:
Nuclear Applications Pros and Cons T-Chart - Worksheet
Introduction to the lesson:

Explain to the students some of the consequences that the use of nuclear applications (including medical technologies, nuclear power plants and nuclear weapons) can have.
Lesson time:

1.0 days

Materials Needed


Pencil 

Paper


Nuclear applications worksheets

Essential Question:

How can a chart of assembled information show relationships among the effects of and the value of nuclear medicine, nuclear weapons and nuclear power reactors?
Procedure:

1. Instruct the students to read the information on nuclear applications.

2. Use the T-charts provided to list pros and cons of each nuclear application.

3.
Students can work in pairs or discuss their findings with a partner when they finish.
Nuclear Applications

For the following applications of nuclear energy, create a T-chart listing of the pros and cons for each application.  Be sure to write the pros and cons in your own words.
Nuclear medicine
Radioactive materials are used in medical technologies.  Doctors can use radiation that results from the decay of certain isotopes to destroy targeted cells, such as cancer cells.  Cells are most susceptible to damage from radiation during the process of cell division.  As cancer cells divide at a very fast rate, they are destroyed in greater numbers than normal cells, which divide less often.   Doctors can also use the radiation that results from the decay of certain isotopes as a way of mapping the path of various substances through targeted organ systems, such as the digestive system.  Most substances that naturally pass through specific body systems can be “spiked” with radioactive samples of the same substances.  The radioactivity can then be traced (using a Geiger counter or with photographic film) as the “spiked” substance naturally makes its way through the targeted body system thus revealing how the body system is functioning. In this manner, the natural functioning of the body system can be observed.  There a few disadvantages to using nuclear medicine.  The waste from nuclear medicine must be stored in a special way until it is no longer radioactive, which can be a very long time.  Also, healthy tissue is always damaged to some degree by radiation.

Nuclear weapons

Nuclear reactions are used in weapons.  Some people believe that nuclear weapons are a deterrent to war.  There are disadvantages to using nuclear weapons.  Specialized technology is required to refine the fuel and to produce the weapons.  A nuclear weapon creates a tremendous amount from small amounts of fuel so it can be “smuggled easily.”  They cause a tremendous amount of destruction, both material and biological.  Nuclear bombs can also contaminated the environment with fission-product isotopes, many of which are radioactive and remain so for very long periods of time.  Waste from nuclear weapons must be stored in a special way until it is no longer radioactive, which can be a very long time.  Improper handling of nuclear materials and possible leakage can cause radioactive isotopes to contaminate the environment, causing long-term radioactive decay problems.

Nuclear-power reactors

Nuclear technology is used to produce electricity.  Energy from controlled nuclear fission is used to heat water into steam, the steam expands and spins a huge magnet, moving the magnetic field forcing electrons flow.  The primary difference between a coal-powered electric generating plant and a nuclear-powered electric generating plant is the method of heating water.  In coal power plants, burning the coal creates the heat needed to make the steam.  In a nuclear power plant, the nuclear fission reaction releases the heat to make the steam.  There are a few benefits to nuclear power.  Tremendous amounts of energy is released from small amounts of fuel.  There is no air pollution from nuclear power, like there is from the burning of fossil fuels such as coal.  Nuclear power can be used anywhere as opposed to wind power, solar power, and hydroelectric power.  This is important countries with few rivers, no wind, and little sun.  There is an abundance of fuel, Uranium-235, available for nuclear power.  Using nuclear power would reduce our need for fossil fuels, such as coal.  There are several drawbacks to nuclear power.  Nuclear power requires specialized technology to refine the uranium.  It can cause thermal pollution to water systems.  This means nuclear power heat up water sources located near them, maybe damaging the plants and animals living there.  Waste from nuclear fission reactors must be stored in a special way until it is no longer radioactive, which can be a very long time.  Improper handling of nuclear materials and possible leaks can cause radioactive isotopes to contaminate the environment, causing long-term radioactive decay problems.  Power plant failure can result in radioactive explosions, such as Chernobyl. 

The Pros and Cons of Nuclear Applications T- Chart

                                                    Nuclear Medicine




     

         Pros                      Cons

Nuclear Weapons                                 Nuclear Power-Reactors

                   Pros                      Cons                 Pros                      Cons

Assessing the Lesson:
Formative Assessment

Student’s completed charts and judicious questioning as students are working along with class discussion will provide excellent evaluation of student understanding.

Teaching Lesson B
Effect of Radiation on Seeds – Lab

Introduction to the Lesson:

Students will grow plants from seeds that have been exposed to different amounts of nuclear radiation. They will observe and record the growth of the plants over a one week period.  Students will then discuss the effect of exposure to nuclear radiation.

Lesson Time
 1 day

Materials Needed: 
Seeds that have received different amounts of radiation

Seeds that have not been irradiated

Potting soil

Boxes or containers for planting
Essential Question:

How can it be demonstrated experimentally what effect nuclear radiation has upon plant seeds?
Procedure:

1. It is important that all seeds are planted and grown under the same conditions.  Plant the seeds according to your teacher’s instructions.  Plant one container of untreated seeds.  Label this container 1.  Carefully label each of the remaining containers.  In Table 1, record the number of each container and the amount of radiation the seeds planted in it received.

2. Place the containers in a location away from drafts where they

 Receive as much light as possible.  Keep the soil moist, but not 

       
 wet, at all times. 

3. As soon as the first seeds sprout, start recording your observations in Table 2.  Observe the seeds at regular intervals for a week.  If necessary, continue Table 2 on a separate sheet of paper.  Watch for variations in sprouting and growth rates and differences in size, color, shape, number, and location of the stems and leaves.  Remember, it is important to make an entry in the table for each container at every observation date, even if you report no change.

4. In the space provides in the Data and observations section, make sketches of your plants and show any variation in growth patterns.

Table 1  Amount of Radiation

	Container Number
	Amount of Radiation

	1
	No radiation

	
	

	
	

	
	

	
	

	
	

	
	


Table 2 Observations of Plant Growth

	Container
	Observation and Date

	1
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


 Draw a sketch of each container at the end of the experiment.   Label each sketch with the container number.

Assessing the Lesson:
Formative Assessment

1. Why did you plant seeds that were not exposed to nuclear radiation?

2. What pattern or trend did you observe as the seeds sprouted?

3. What patterns or trends did you observe in the growth rate of the plants?

4. What relationship can be seen between the amount or time of radiation exposure and the following:

· Maximum height of leaves – 

· Size of leaves – 

· Color of leaves – 

· Shape of leaves – 

· Number of leaves – 

· Placement of leaves – 

· Other variations that you observed – 

5. What characteristic of the plants seemed unaffected?

6. What conclusions can you make based on the results of this experiment?

7. What predications can you make based on the results of this experiment?

Assessment 1

Summative Assessment

Select one or more of the following writing prompts:

1. Students write a scientific story describing a world in which nuclear fission supplies unlimited powers.

2. Research project: Investigate the current state of nuclear weaponry. Answer the following questions: What countries currently have nuclear capacity? How large are the nuclear arsenals o the United States, countries that make up the former Soviet Union and other nuclear powers? What measures are in place, if any, that limit the ability of terrorists to acquire nuclear weapons? 

3. Show a video about the development of nuclear weapons. For example show Race for the Superbomb available through PBS (www.PBS.org).
4. The students research and report on the field of nuclear medicine. They should explore various therapies such as radiation treatment for cancer patients and discuss areas of current research. If possible, have a medical practitioner come to class and discuss the topic.
5. Students write a letter to Albert Einstein himself. They tell him what they have learned and ask him about things they do not yet understand about how energy is obtained from nuclear fission and fusion.
6. Clever or artistic students can write a poem or limerick about fission or fusion applications.
7. Defend radioactivity. In our society, radiation has negative connotations. Explain and provide examples in our culture where radiation is beneficial. Also include examples of radiation to which we are exposed on a daily basis.
SOUTH CAROLINA SUPPORT SYSTEM INSTRUCTIONAL GUIDE

	Content Area:  Science
	Science Inquiry Skills-These standards should be addressed during the first few weeks of school and revisited throughout each unit.                                                   Physical Science

	Recommended  Days of Instruction:  2
	(one day equals 90 min)

	Standard(s) addressed:  PS-2 The student will demonstrate an understanding of the structure and properties of atoms.

	

	Structure and Properties of Atoms

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	PS 2.7 

Explain the 

consequences that the use of nuclear 

applications 

(including medical 

technologies, 

nuclear power 

plants, and nuclear weapons) can have. 


	SC Science Standards Support Guide www.ed.sc.gov/apps/cso/standards/supdocs_hs.cfm?
Physical Science Textbook (see appendix for correlations to standards)

Radiochemistry.org

http://www.radiochemistry.org/nuclearmedicine/radioisotopes/01_isotopes.shtml

General information on isotopes and medical applications in nuclear medicine.


	Module 2-7
Lesson A
Nuclear Application Pros and Cons T-Chart

Lesson B
Effect of Nuclear Radiation on Seeds


	Assessment 1
Writing Prompts for Nuclear Applications

Assessment Guidelines:

The objective of this indicator is to explain consequences of nuclear applications, therefore, the primary focus of assessment should be to construct cause and effect models that show both the beneficial effects that the nuclear reaction has in meeting a need or producing a product and the possible drawbacks that might result from the process.

In addition to explain, assessments may require 


	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	
	
	
	students to

Exemplify a nuclear application;

Summarize major points about one of the applications listed;

Recognize the benefits or drawbacks of nuclear power.


Standard: The student will demonstrate an understanding of the structure and properties of atoms. 





Indicator:   Explain the consequences that the use of nuclear applications (including medical technologies, nuclear power plants, and nuclear weapons) can have. 


	


Other Indicators Addressed: PS-2.1, 2.6









