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Abstract
Many within the "nuclear" community are interested in attracting young people to careers
in nuclear related fields while they are at the age when they are considering career
choices. High school is a good time to introduce students to ideas that may lead them to
investigate careers in nuclear science. However, they may not even be exposed to those
ideas for various reasons. For example, many teachers may not see the connection
between nuclear issues and other areas of instruction. In addition, most teachers already
have a full curriculum, and adding another topic is unlikely. As a result many students
will not see some of the practical applications of nuclear science in other fields of study
unless they take a class where nuclear science is a specified topic of study. A good
alternative is to incorporate nuclear examples across the curriculum to illustrate concepts
already included in other classes. This would be a simple step that teachers may find
interesting and would expose a variety of students to nuclear issues.

Background
Many people within the nuclear community are concerned about the growing gap between the number

of vacancies within the nuclear related professions and the number of new applicants for those

vacancies. Many attempts to attract young people to nuclear fields often target college students who

have already been exposed to some nuclear related issues while majoring in disciplines closely related

to nuclear medicine or nuclear power. This is beneficial for those involved both as employers and

employees. However, it fails to attract the number of individuals needed in both nuclear medicine and

nuclear power if both fields continue to grow as projected. As a result of this shortage, many within

those fields would like to see more students exposed to nuclear careers and concepts while in high

school in order to increase the number of students pursuing the necessary majors while undergraduates.

Some have suggested that a Nuclear Science class at the high school level would be a good way to

accomplish that goal. After teaching such a course at the high school level for 24 years I have

observed that many students are interested in nuclear topics and do express the desire to pursue

various nuclear careers after high school as a result of the information received while in such a class.

It would be profitable for more high schools to offer nuclear science classes or at least units about

nuclear radiation in chemistry or physics courses. However, both options are unlikely for several
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reasons. First, many teachers do not feel qualified to teach such a course or even such a unit within

another course. Also, many teachers have already had to deal with content being added to their

curriculum and find it difficult to cover the required curriculum in the allotted time. Further, with the

push for accountability for state and national standards comes the reticence to try anything new

beyond what is already expected and evaluated.

An alternative to adding a separate course or as units within another course would be to
incorporate nuclear examples to illustrate concepts already included in other classes
offered at the high school level. Nuclear issues used across the curriculum such as those
presented in this paper would help accomplish a number of goals that have already been
outlined in a variety a state and national educational standards. It would also assist the
general public by allowing them to become more familiar with nuclear concepts that
could reduce some of the blind fears that many people experience about anything related
to nuclear radiation.
Following are some examples that could be incorporated into various classes along with
the concepts they could be used to illustrate.

Math
Concept: Graphing in three dimensions using x, y, and z coordinates
Example: Locating tumors and surgical instruments in 3 planes on various medical
images.
Explanation: In order to use radiation on patients with cancerous tumors it is necessary
to determine the exact shape and location of the tumor so a beam of radiation can target
only the tumor without exposing the good tissue surrounding the tumor to excessive
doses of radiation that could lead to other problems. This could be accomplished using a
CT series of images so that the 3-dimensional location and shape of the tumor is
determined.

Earth Science

Concept: Base line mapmaking using triangulation from fixed points of reference.

Example: Stereotactic brain surgery dose planning to target a brain tumor for gamma knife surgery

using Ct images with the mounting frame in the image.

Explanation: In order to orientate the patient with a brain tumor correctly in a gamma knife apparatus

the tumor must be located relative to the frame that is attached to both the patient's head and the

gamma knife apparatus. The frame is like the base line used in map making. A CT scan is done of

the patient after the frame has been attached to the patient's head. The tumor's location can then be

determined relative to the frame (base line) by triangulation.

Earth science

Concept: Understanding the interior of the earth from P and S wave data
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Example: Various internal image techniques used on a the patient to get a visual image of the interior

of the patient's body without actually doing surgery to "look" inside the patient

Explanation: Most students are familiar with X-rays and realize that they are used to "see" inside the

body. There are basically three parts to the system that produce an x-ray. The first part is a source of

energy waves like x-rays. The second part is something that either absorbs or interferes with those x-

rays, like the patients various body tissue such as bone, soft tissue, fluids or contrast agents. The third

part is something that records where the x-rays have passed through, like the film. In the case of the

interior of the earth, the P and S waves from an earthquake are the energy waves, like the x-rays. The

Lithosphere, Asthenosphere, and core of the Earth either absorbs or interferes with those energy

waves, like the person's body being x-rayed. The seismographs around the world act as a receiver and

recorders of the energy that passes through the Earth, like the x-ray film.

Economics and Business

Concept: Cost effectiveness and the principle of diminishing rate of return

Example: Inverse Square Law as it relates to reduction of radiation exposure and also reduction of

cost effectiveness when using distance to reduce exposure from radiation sources.

Explanation: As one moves further and further from a radiation source, the amount of energy

received is reduced, but not at a uniform and constant rate of reduction. The amount of radiation

received at any distance can be determined if the amount of radiation at a reference distance is know

along with how any new distance compares to the reference distance. Simply put, when the distance

between a source and a receiver doubles, the amount of radiation received at twice the original

distance will be reduced by seventy five percent of what it was at the original distance. If the distance

between a source and a receiver is tripled, the amount of radiation received will only be reduced by an

additional fourteen percent. Moving the receiver still further to four times the original distance

between the source and the receiver would yield a reduction of the amount of energy received by only

an additional five percent. If each increase in distance between the source and the receiver costs the

same amount of money, the return on that investment is, therefore, steadily decreasing.

Environmental Science

Concept: Risk/benefit analysis

Example: Various energy sources (coal vs. nuclear)

Explanation: This is a useful comparison between the two major sources of heat for steam generators.

Comparison should be done for all aspects of what it takes to obtain the raw source from the ground

through the disposal of any waste produced when each source is used.

Biology

Concept: Fossil reconstruction and brain case analysis

Example: Using CT to examine NanoTyranus skull
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Explanation: While investigating a skull that was completely encased in a rock matrix, a CT scan

was used to produce a three-dimensional image of the actual skull without the rock matrix. This was

possible because of how the material that replaced the skull interacted with the x-rays differently than

the material that filled the skull. Due to that difference it was possible to actually "remove" that

material from the image without having to do that work on the actual fossil mass.

Statistics

Concept: Error Bars and Range of Error

Example: Targeting of Tumors with error bars that may encompass critical structures that should not

receive radiation.

Explanation: When targeting cancerous tumors with radiation it is important to not expose other non-

cancerous material to doses of radiation that may be harmful. If the range of error is incorporated on

three dimensional graphs depicting the tumor, other sensitive tissue, and the proposed path of the

radiation beam along with it range of error, it is possible to determine if the beam may expose some

other sensitive tissue to damaging doses of radiation.

Food Science

Concept: E-coli and sanitation of food preparation equipment

Example: Use of radiation to eliminate threat of food contamination by bacteria

Explanation: While food sterilization with radiation has been used in various ways world wide, it has

been slow to become widely accepted. This is partially due to the stigma of radiation and also to the

erroneous belief that anything that is exposed to radiation becomes radioactive. As a result, many

people are still unnecessarily exposed to food contaminants that could have been rendered harmless

had the food they consumed been sterilized using radiation.

While this list of examples above is not meant to be exhaustive, it is presented as a starting point to

include nuclear concepts in a much broader portion of the general high school curriculum. For further

discussion or suggestions, please contact the author at the address below.

Rich Marrano - contact at rmarrano@dl55.org

About the Author:

The author has taught a course about nuclear energy at the high school level for 24 years
at Crystal Lake South High School in Crystal Lake Illinois, USA. He also assisted in
rewriting the text/labs used in the course. In addition he has developed a unit about
nuclear medicine within the course using information gathered from various medical
facilities. He has also assisted the Radiological Society Of North America with a program
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to attract high school students to careers in nuclear medicine by presenting sessions for
students at the annual RSNA convention in Chicago, Illinois. These sessions introduce
the students to the basics of nuclear radiation in medicine and allow them to them see
some of the latest medical technologies on display at the convention. The author has also
visited various nuclear facilities and has participated in workshops and professional
meetings within the nuclear community in order to gain a fuller understanding of the
practical applications of nuclear science.
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