Semester/Year
Natural Science 106: Concepts in Physical Science - Matter
Model Syllabus
Class Day/Time:
Class Location: 

Instructor:   





 Work Phone:  
Office:  


        


Home Phone:  

Office Hours:   
E-mail Address:    

This course will satisfy the following Core requirements:

· Knowledge Area:  Scientific Literacy
· Skill:  Critical Thinking Skills and Dispositions
I.
Course Description:
This course traces the historical development of what is meant by “matter” beginning with the early Greek philosophers, proceeding through the concept of the atom and concluding with the quantum theory of matter.  Basic principles and knowledge that have been developed over the centuries to explain phenomena relating to matter will be covered, thus meeting  competency b: "Demonstrate an understanding of the fundamental principles, concepts, and knowledge of the sciences" as well as competency a:  “Perceive the basic philosophical and historical foundations of contemporary science”.

 This course will emphasize the natural “laws” that have been discovered regarding the elements and their interactions, and the ways in which these laws are used.  Students will be introduced to the thinking and methodology of scientists in this field, gaining an understanding of how science builds a logical structure of theories and laws and how these constructs are then applied.  This approach requires that students use both cognitive and quantitative skills.  There will be opportunities to analyze data in this field allowing students to draw valid, logical conclusions regarding various observed phenomena.  Skills utilized will include the use of scientific notation, reasoning based on orders of magnitude, scaling, proportionality, deduction, induction, cause and effect and reduction ad absurdum.   Thus competency d: "Use cognitive and mathematical skills employed by scientists" will be met as well as:

Skill:  Critical Thinking Skills and Dispositions

Competency b: Analyze relationships among statements, questions, concepts, descriptions, or other forms of representation intended to express beliefs, judgments, experience, reasons, information, or opinions.

II.
Textbook and Required Readings  (This may vary depending on the instructor)

Conceptual Physical Science  3rd Edition, Paul Hewitt, John Suchocki, Leslie Hewitt
III.   Course Outline      (Example – may vary by instructor)
This course will include coverage of the basic knowledge that has been developed as well as the underlying processes and laws that govern the nature of matter and its interactions.  These include a study of the chemical nature of the elements, the forces that govern matter, subatomic particles and atoms, the nature of light and the uncertainty principle and quantum mechanics.  A detailed course outline is shown below:

Assigned Readings



    




  (Sequence may vary; content basically 








maintained)
I.
Electrical Forces



A.
Early theories of electrostatics




Fluid theories: Charge and  Induced charge



B.
Coulomb’s Law



C.
Faraday Cages-shielding



D.
Lightning




Stepped leaders, return strokes

II.
Magnetic Forces



A.
Magnetic materials




Ferromagnetism

III.
Force Fields



A.
Magnetic fields



B.
Electrical fields

IV.
Electrical currents

V.
Electromagnetism



A.
Ampere’s Law




Electromagnets, electric motors, TV tubes



B.
Induced currents




1.Faraday’s Law




2.Transformers, microphones-speakers



C.
Earth’s magnetic field




1.Van Allen radiation belts




2.Aurora

VI.
History of Our Understanding of Matter



A.
Classical Greek views




1.
Water as the sole element






-Van Helmot’s experiment




2.
Four Earthly Elements






-Aristotle: Continuous matter






-Plato: Atomism, Regular solids




3.
Alchemy: Transmutation of the elements




4.
Chemical elements






-Boyle’s modern definition

VII.
Development of the atomic concept



A.
Lavoiisier and the Conservation of Matter







B.
Proust and the Law of Constant Proportions 



C.
Dalton and the Law of Multiple Proportions




1.
Atoms and molecules




2.
Atomic weights



D.
Avagadro’s number





Size of atoms



E.
Mendeleev and the Periodic Table




1.
Atomic number




2.
Prediction of new elements

VIII.
Electrical nature of matter



A.
Cathode ray tube experiments




1.
Discovery of the electron: Ratio of charge/mass




2.
Electron is a building block of atoms



B.
Thomson model of the atom (Plum Pudding Model)



C.
Millikan-Fletcher Oil Drop Experiment





Mass of the electron



D.
Rutherford’s experiment




1.
Nucleus of the atom




2.
Solar system model of the atom

IX.
Electromagnetic waves




A.
Wave characteristics





Wavelength, period, frequency, amplitude, etc.



B.
Generation of electromagnetic waves





Instability of the nuclear atom



C.
Interference phenomena





1.Sound-beats





2.Light-wave properties: Laser-coherence, Holography

X.
Quantum Mechanics



A.
Bohr model of the atom



B.
Photoelectric Effect





Light-particle properties: Photons, Duality of light



C.
Wave-particle duality





Electron interference: Superconductivity



D.
Uncertainty Principle





Atomic clocks, tunneling, alpha radiation

XI.
Elementary particles



A.
History 



B.
Particle properties



C.
Quarks


IV.
Pedagogy

This course has mainly a lecture format with a modified Socratic method. Physical demonstrations, computer and internet, and extensive blackboard usage is typically employed, but frequency will vary with the instructor.  The activities described below are examples of those used throughout the course.

The course has a distinct historical focus in that it develops two parallel developments in physical science, one in electricity and magnetism and the 2nd in chemistry.  Both tracks are brought together in effect at 1900 to support the idea that matter is both atomic and electrical in nature. The electrical development begins with the early days of fluid theories of  electricity and continues through the development of magnetism and electromagnetism, including coverage of the many technological developments in this area.  The chemical track begins with Aristotle and Plato, develops the field of chemistry from alchemy to the early ideas of the atom through the construction of the periodic table.  These two tracks then converge to allow discussion of the nuclear atom and quark structure of nucleus.  Some significant figures covered include Franklin, Faraday, Maxwell, JJ Thomson, Rutherford, Dalton, and Mendeleev.

Students will have the opportunity throughout the semester to use both critical thinking and quantitative skills during class, on assignments and via quizzes and exams.  These include the use of scientific notation, reasoning based on orders of magnitude, scaling, proportionality, deduction, induction, cause and effect and reduction ad absurdum.   Examples of mathematical applications used throughout the course to characterize various physical phenomena include:

· Orders of magnitude calculations and comparisons  

Comparison of electrical forces; field nature of forces; determination of the size of the atom; determination of the size of the nucleus; masses and sizes of elementary particles

· Geometry 

Structure of stepped leaders in lightning bolts; geometry of field structures; electronic shell structure

· Graphical Analyses
Periodic table; quark composition of elementary particles; electroscopes and induced charge

Example Learning Activities:  (May vary depending on instructor)

Class Demonstration/Cooperative Investigation #1:  Van de Graff Demonstrations

Students observe a series of demonstrations using the Van de Graff generator and then work in groups to propose explanations for how charge is transported and collected on a metal surface. The magnitude of the charge is estimated and predictions made as to the size of different effects such as transmitting charge to nearby objects, induced charge, electrical discharge sizes, illumination of fluorescent tubes, discharge pathways following the path of least resistance.

Class Demonstration/Cooperative Investigation #2:  Cathode Ray Tubes and Television Tubes

Cathode ray tubes are developed historically and technologically to show how the electron nature of matter can be made apparent.   Using concepts developed in class students are challenged to explain how pictures are formed on the screen. The importance of this tube in understanding the solar system model of the atom is also presented.

V.   Assessment   (Example; May vary depending on instructor, but basic components 
will be present)

Percentage of Final Grade 
Exam #1         


20%
Exam #2         


25%
Quizzes       



15%
Final Exam        


40%
         




          100%
Each exam may include a combination of fill-ins, and short essay problems involving processes, applications and associated calculations.  The details of the assessment strategy may vary with instructor, but include the same general components.  Assessment includes approximately ten quizzes, two hour exams plus a comprehensive final.  Tests typically consist of fill-ins (~35%), descriptive statements (~25%) and processes and applications (~40%).  The last two require short essay answers.  Test and quiz questions are constructed to assess the various competencies addressed in this course.  Examples are shown below:

 VI.   Exam Dates
Exam #1:

Exam #2:
Final Exam:

VII.
Make-up of Exams and Quizzes (Example - May vary)
Make-up of exams and quizzes will be permitted if an adequate explanation of the absence is presented before or within 3 days after the scheduled exam or quiz.   A grade of zero will be given for an unexcused missed exam or quiz.  
VIII.  Special Academic Needs  (Example - May vary)
Students requiring special accommodations due to a diagnosed learning disability should speak to me regarding these arrangements during the first week of the semester.  

IX.   Academic Dishonesty  (Example - May vary)
Academic dishonesty during a quiz or exam will result in a grade of zero for that quiz or exam.   In addition I am required to report any instances of academic dishonesty to the Chairperson of the NTSC Department and the Dean of the College of Arts and Sciences.  Please read carefully the University's policy on academic integrity and plagiarism, to which I will adhere.










