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I. Introductory Information


	A.	Department:						Geology & Physics


	B.	Catalogue number:					PHYS 315


	C.	Course Title:						Modern Physics


	D.	Semester Hours of Credit:			4


	E.	Clock Hours Per Week:				3 lecture, 3 lab


	F.	Overlays							WE


	G.	Restrictions upon student registration:	PHYS131 or PHYS171, and MATH243





II. 	A. Course Description


An introduction to modern physics: atomic structure and spectra, radiation, wave and particle aspects of matter, quantum theory, radioactive decay, nuclear reactions, nuclear structure, elementary particles.  





B. Comprehensive Description:


The content of this course relates to standards of the National Science Teachers Association (NSTA), Pennsylvania Department of Education (PDE) Standards for Secondary Education-Physics, and the Interstate New Teacher Assessment and Support Consortium (INTASC) Standards.  





The course addresses Unit Standard One on INTASC: Subject Matter - 





"The teacher understands the central concepts, tools of inquiry, and structures of the discipline(s) he or she teaches and can create learning experiences that make these aspects of subject matter meaningful for students."





	This course addresses the following PDE standards:


I.A.  Major concepts common to physics and chemistry including:�· nature of matter, evidence for the structure of matter,�· interaction of matter and energy, �· conservation of matter and energy, �· heat and thermodynamics � �I.B.  Mechanics, including:�· kinematics and dynamics, �· conservation of momentum, conservation of energy,�· gravitational forces and fields, �· relativity theory � �I.C.  Electricity and magnetic fields, including:�· electric circuits and electronics, �· technological applications of electricity and electronics,�· electric and magnetic forces and fields� �I.D.  Wave properties, including:�· models and phenomena, �· sound, �· electromagnetic radiation, including spectroscopy, light and color, geometric and physical optics, �· waves on stretched strings, standing waves and resonance� �I.E.  Atomic and nuclear theory, including:�· Nuclear physics, radioactivity, fission and fusion, �· fundamental particles, �· quantum mechanics, �· wave/particle duality � �I.F.  Ethical, human, and environmental implications of contemporary physics


 


I.G.  Laboratory instruction and experimental techniques including:�· design of experiments,�· data analysis and presentation, �· preparation of laboratory reports, �· operation of physics laboratory equipment, e.g., motion measuring devices, simple electronics equipment, optics equipment


 


	This course addresses the following NSTA standards:


		Standard 1 Content:


The program prepares candidates to structure and interpret the concepts, ideas and relationships in science that are needed to advance student learning in the area of licensure as defined by state and national standards developed by the science education community.  Content refers to concepts and principles understood through science; concepts and relationships unifying science domains; processes of investigation in a science discipline; and applications of mathematics in science research.


1.a.  Know and understand the major concepts and principles of the teaching discipline(s) as defined by state and national standards of the science education community.


1.b.  Know and understand major concepts and principles unifying science disciplines.


1.c.  Design, conduct and report investigations within a science discipline.


1.d.  Apply mathematics in problem-solving and scientific investigation.





Standard 2. Nature of Science


The program prepares teachers to engage students in activities to define the values, beliefs and assumptions inherent to the creation of scientific knowledge within the scientific community, and contrast science to other ways of knowing.  Nature of science refers to characteristics distinguishing science from other ways of knowing; characteristics distinguishing basic science, applied science, and technology; processes and conventions of science as a professional activity; and standards defining acceptable evidence and scientific explanation.


2.a.  Know  and understand the philosophical nature of science and the conventions of scientific explanation.





Standard 3 Inquiry


The program prepares candidates to engage students regularly and effectively in science inquiry and facilitate understanding of  the role inquiry plays in the development of scientific knowledge.  Inquiry refers to questioning and formulating solvable problems; reflecting on, and constructing, knowledge from data; collaborating and exchanging information while seeking solutions; and developing concepts and relationships from empirical experience.


3.a.  Know and understand scientific inquiry and its relationship to the development of scientific knowledge.





Standard 4. Context of Science


The program prepares candidates to relate science to the daily lives and interests of students and to a larger framework of human endeavor and understanding.  The context of science refers to relationships among systems of human endeavor including science and technology; relationships among scientific, technological, personal, social and cultural values; and the relevance and importance of science to the personal lives of students.


4.a.  Know and understand the relationship of science to other human values and endeavors.


4.c. Relate science to the personal lives, needs and interests of K-12 students. 





Standard 7. Social Context


The program prepares candidates to relate science to the community and to use human and institutional resources in the community to advance the education of their students in science.  The social contest of science teaching refers to the social and community support network within which science teaching and learning occur; relationship of science teaching and learning to the needs and values of the community; and involvement of people and institutions from the community in the teaching of science.


7.a.  Know and understand the values and needs of the community and their effect on the teaching and learning of science.





III. Exposition





	A. Objectives


		Upon successful completion of this course students will be able to do the following:


Demonstrate an understand�ing of the theories and models of modern physics (physics since 1900), and an ability to apply them correctly to concrete physical problems.


Demonstrate a familiarity with the phenomena and experimental facts of modern physics.


Demonstrate an appreciation of the historical development of modern physics and its roots in classical (pre-1900) physics.


Demonstrate an appreciation of the applications of modern physics in related fields such as engineering, medicine, and astrophysics.


Demonstrate skills in the application of mathematics, both as a language and a tool of physics.


Demonstrate an understanding of modern views of the structure of matter, atomic models, quantum nature of radiation, nuclear structure, and elementary particles.


Demonstrate and ability to explore the philosophical implications of modern physics, especially relativity and quantum theory; and to understand the difference in philosophical attitudes between classical and modern physics.


Research, design and conduct laboratory experiments designed to test and study scientific theories and models.


Present data and data analysis in written form.





Activities and Requirements:


Activities: In the lecture, students experience an interactive qualitative and quantitative development of topics using principles of physics and advanced tools of mathematics. They will observe demonstrations of principles and applications by the instructor using apparatuses.





In the laboratory, students will work with apparatuses and experiments designed to test and verify ideas presented in lecture.  The lecture material will parallel that covered in the laboratory.  In the lab component of the course students apply the ideas discussed in lecture, design experiments, gain experience with the scientific method and with advanced laboratory skills of data collection, data analysis and data presentation in the form of lab reports.  





Activities as they relate to section III.A. Objectives, are listed here:


Interactive lectures include discussions of the theories and models of modern physics (physics since 1900).  In doing assignments, students apply these theories and models concrete physical problems.   Research for laboratory experiments and lab write-ups require a study of these theories and models.


Interactive lectures include discussions of phenomena and experimental facts of modern physics.  Laboratory experiments study such phenomena and verify scientific fact.


Interactive lectures include discussions of the historical development of modern physics and its roots in classical (pre-1900) physics.  Some lab experiments reproduce historically significant experiments (e.g., Millikan Oil Drip Experiment).


Interactive lectures include discussions of the applications of modern physics in related fields such as engineering, medicine, and astrophysics.


Interactive lectures include a development of physical theory using advanced tools of mathematics.  In doing assignments, students apply must use these tools to solve problems.   In lab, analysis of experimental data requires the use of advanced mathematical tools.


Interactive lectures include discussions of modern views of the structure of matter, atomic models, quantum nature of radiation, nuclear structure, and elementary particles.  In doing assignments, students must apply their understanding of these topics to solve problems.  Students must also use their understanding of these topics to analyze data in light of theories or models.


Interactive lectures include discussions, which explore the philosophical implications of modern physics, especially relativity and quantum theory; and the difference in philosophical attitudes between classical and modern physics.  Some assignments explore the differences in these two realms.


Students meet regularly to conduct laboratory experiments design to test and study scientific theories and models.  Some experiments require preliminary research on the theories or models being studied as well as the experimental technique being used.


Students must present their data and data analysis in lab reports.


Requirements:


Students are expected to attend 3 hours of lecture and 3 hours laboratory session per week.  Grades will be based on tests given throughout the semester, assignments, and laboratory work.  In the laboratory, students will record and organize data, analyze data (including graphical analysis), and write laboratory reports.





C. Major units and time allotted


Topic																Hours


Special Relativity												10


Black Body Radiation and other quantum phenomena					5


Atomic Nature of Matter, Bohr Model of the Atom						3


Wave Properties of Matter, Wave Particle Duality, 						4


Heisenberg Uncertainty Principle


Schrodinger's Wave Equation applied to 1-Dimensional Problems			7


Quantum Variables, Pauli Exclusion Principle							2


Nuclear Structure, Binding Energy, Fusion & Fission 					4


Nuclear Models, Radioactivity, and Radioisotopes


Fundamental Particle Physics and the Standard Model					3


Special Topics													7	


Possible Topics Include:								


			Band Theory of Solids


			Semiconductors


			Fusion & Fission Reactors


			Superconductivity


			Lasers


			Cosmology


	


Topics covered in lecture and lab include a historical perspective.  





The interaction charge particles with electromagnetic fields is discussed in several course topics (e.g., Black Body Radiation, radiative emissions and the Bohr Model, etc.), as well as in lab (as related to the detection of charged particles).





Typical labs include:


Millikan oil drop experiment


Ratio of charge to mass for the electron


Alpha, Beta and gamma ray detection, absorption and spectra


Cosmic ray detection


Blackbody radiation and absorption spectra


Counting Statistics


Radioisotopes and half lives


Planck's constant by a photoelectric method


Microwave Bragg diffraction


Electron paramagnetic resonance


Nuclear magnetic resonance





D. Materials and Bibliography





1. Suggested Textbooks


Beiser, Concepts of Modern Physics, 6th Ed., McGraw Hill, 2003.


Bernstein J., Fishbane, P., Gasiorowicz, S., Modern Physics, Prentice Hall, 2000.


Burns, M.L., Modern Physics for Science and Engineering, Harcourt, Brace, Jovanovich, 1988.


Ohanian, H.C., Modern Physics, 2nd Ed., Prentice-Hall, 1995.


Oldenberg, O., Rasmussen, N., Modern Physics for Engineers, McGraw-Hill, 1992


Serway, R., Moses, C., Moyer, C., Modern Physics, 2nd Ed., Saunders Pub, 1997.


Tipler, P.A., Llewellyn, R., Modern Physics, Worth, 1999.


Wehr, R.M., Richards and Adair, Physics of the Atom, 4th Ed., Addison-Wesley, 1985.





2. Other materials


Films, slides, computer simulations, and lecture demonstrations may be used as appropriate.





3. Bibliographic Support


Lecture Bibliography


Feynman, R., Leighton, R., and Sands, M., The Feynman Lectures in Physics, Addison-Wesley, 1963.


Eisberg, R., Fundamentals of Modern Physics, Wiley, 1961.


Eisberg, R., Resnick, R., Quantum Physics of Atoms, Molecules, Solids, Nuclei, and Particles. Wiley, 1985.


Halliday, D., Resnick, R., Walker, J., Fundamental Physics, 6th Ed.,  Wiley, 2001.


Kim, S. K, Strait, E. N., Modern Physics for Scientists and Engineers, Macmillan, 1978.


Lapp, R.E., Andrews, H.L., Nuclear Radiation Physics, 4th Ed., Prentice-Hall 1972.


Richtmyer, F., Kennard, E., Cooper, J., Introduction to Modern Physics, McGraw-Hill, 1970.


Semat, H., Introduction to Atomic and Nuclear Physics, Holt, Rinehart and Winston, 1962.


Shamos, M.H., Great Experiments in Physics,.  Dover, 1987.  Excerpts from the original accounts of the classic experiments.  A useful source of readily accessible historical background material.  A Dover reprint edition is still available.


The Berkeley Physics Course, McGraw-Hill, 1971.





Laboratory Bibliography


Baird, D. C., Experimentation, an Introduction to Measurement Theory and Experiment Design, 2nd Ed.  Prentice-Hall, 1994.  


Brown, T.B., The Lloyd William Taylor Manual of Advanced Undergraduate Experiments in Physics.  Addison-Wesley, 1959.  This book includes experiments in all undergraduate subfields of physics.


Capecelatro, A., Mainardi, M.N., Computations and Experiments in Physics, Ann Arbor, Michigan, Edwards Brothers 1965.


Grafton, C.D., Rabinowitz, J.L., Principles of Radioisotope Methodology, Burgess, 3rd Ed. 1967.  Standard nuclear physics experiments and methods.


Knoll, G., Radiation Detection and Measurement, 3rd ed, John Wiley, N.Y., 2000.


Leo, W.R., Techniques for Nuclear and Particle Physics Experiments; A How-to Approach, 2nd ed., Springer-Verlag, NY, 1994.


Mark, H., Olsen, N., Experiments in Modern Physics, McGraw-Hill, 1966.


Meiners, H.F., Eppenstein, W., Shannon, T.A., Laboratory Physics, 2nd Ed.,Wiley 1987.


Mellisinos, A., Experiments in Modern Physics, Academic Press, 1966.


Preston, W.D., Dietz, E.R., The Art of Experimental Physics, Wiley, N.Y., 1991. 


Skolil, L.L., Smith, L.E., Modern College Physics Laboratory Manual, Part 2.  Brown, 1974.


Novel Experiments in Physics, American Institute of Physics, Vol. I (1964) and Vol. II (1975).








Locally prepared lab instructions are supplied to the students, along with manufacturer's instructions for particular experiments.  Students will be expected to consult materials from the laboratory bibliography as needed.





Useful reference material (equipment manuals and spec sheets, CRC handbooks, etc.) is available in the laboratory.





IV. Standards





Standards:


Grades will be awarded in a manner consistent with University policy, and will be based upon student demonstration of a mastery of the course material through such means as exams, homework, lab work and laboratory reports.  





Students are evaluated on their understand�ing, as demonstrated by their competence in using the knowledge gained in this course.  Examination questions will demand analytic and syn�thetic thinking skills.  Working "end of chapter" homework problems is one of the best ways to develop these skills.  Students at this level are expected to know this, and to do homework problems whether or not they are explicitly assigned.  Students are also expected to do outside reading, beyond the text�book, as necessary to achieve understanding of the physics.





Some exams may be open book, open notes or take-home, as ap�propriate to the material.  Unannounced short quizzes may be given at any time.  





Assessment:


Examinations will be given to assess Objectives 1, 2, 3, 5, 6, 7,


Assignments will be used to access Objectives 1, 2, 3, 4, 5, 6, 7


Lab reports will be used to assess Objectives 1, 2, 3, 4, 5, 6, 7, 8, 9


Other assessment tools may be developed and used by the instructor.





V. Rationale and Impact


A. This is a syllabus revision of an existing course.





This course provides a sound basis and overview of modern physics required of these majors. The course also helps prepare these students for other upper level physics and engineering courses in that many topics and methods (theoretical and experimental) explored in this course are interrelated with other course work.





B. This course is required of BS Physics Majors, BS Physics Majors with and Applied Physics Track, Cooperative Engineering Majors, BS Secondary Education Physics Majors, BA Natural Science Majors and Physics Minors.





C. This revision results in no change to the impact of this course to existing academic programs or departments.





VI. Cost and Staff Analysis


	A. This is not a new course, but rather an update and revision of the syllabus for an existing course: PHYS315-Atomic and Nuclear Physics.





	B. This course is taught every fall semester.





VII. Date Approved by President








_________________________________________		_____________


Signature of President								Date
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