The University of Connecticut is one of about 100 major research universities in the United States. Its missions include not only undergraduate instruction, but also scientific and scholarly research. It offers baccalaureate (B.A and B.S.) degrees, as well as M.S. and Ph.D. degrees in Physics.

Physics

Physics, a fundamental and quantitative science, involves the study of matter and energy, and interactions between them. The subject is generally divided into mechanics, electricity and magnetism, statistical and thermal physics, and quantum physics. These form the foundation for present-day research areas, which include astrophysics, atomic, molecular and optical physics, condensed matter physics, nuclear physics, and the physics of particles and fields.  In addition to a knowledge of physics, students gain a rigorous training in logical thinking and quantitative problem solving. An education in physics can also provide an entry into many other fields such as biophysics, geophysics, medical physics, and engineering, as well as into less technical fields such as secondary education, technical sales, and science writing. Many students have also found that physics is an excellent preparation for the study of medicine, dentistry, or law.

The preferred introductory sequence for a major in physics, common to all physics degree programs, consists of PHYS 1600Q, 1601Q, and 1602Q. There are two options for the Bachelor of Science degree in physics: (1) the general option for students seeking to further their physics studies in graduate school and/or a career in research, and (2) the applied option, for students seeking graduate study in another field, medicine or dentistry, or a technical career in industry.  The Bachelor of Arts degree in physics is ideal for pre-medical, pre-dental, or pre-veterinary students, students seeking double majors, or students seeking a middle or high school teaching career. There is also a Bachelor of Science in Engineering Physics offered jointly with the School of Engineering with possible emphases on Electrical Engineering, Mechanical Engineering, or Materials Science and Engineering.

Students satisfy the information literacy competency exit requirements in the Physics Major, by passing PHYS 2300 and 2501W, both required courses for the Physics major. The University’s computer technology and writing competency requirements are achieved by passing PHYS 2501W. These requirements apply to both the Physics B.S. and the B.A. degrees. Courses that further enhance competencies are PHYS 2200 for computer technology, and PHYS 4096W for writing skills. 

Bachelor of Science, General Option: 

A total of 48 credits from 2000-level or above courses in physics, other sciences, mathematics, or engineering are required.  Among these, 36 credits must be physics courses. The 36 credits of physics must include PHYS 2300, 2501W, 3101, 3201, 3202, 3300, and 3401, and at least three credits of an advanced laboratory (PHYS 2502, 3150, or 4900). It is strongly recommended that students going on to graduate school in physics take PHYS 3402. All students are strongly encouraged to participate in an undergraduate research project.  An experimental research project (PHYS 4099) may count towards the advanced laboratory requirement.  No more than two credits from PHYS 4094, and no more than six credits from PHYS 4099 may be counted towards this degree option.  The general option for the Bachelor of Science degree requires a minimum of 12 credits from 2000-level or above related courses in mathematics, other sciences, or engineering.

Bachelor of Science, Applied Option: 

A total of 48 credits from 2000-level or above courses in physics, other sciences, mathematics, or engineering are required.  Among these, 30 credits must be physics courses.  The 30 credits must include PHYS 2300, 2501W, 3101, 3201, and 3300, plus a minimum of nine credits from the following eight courses: PHYS 2502, 3150, 4140, 4150, 4210, 4350, 4900, and 5621, with at least three of the nine credits being from an advanced laboratory (PHYS 2502, 3150, or 4900).  These eight courses involve the application of knowledge from multiple basic subjects, i.e., from mechanics, electricity and magnetism, statistical and thermal physics, and quantum mechanics. (PHYS 3101 and 3201 together may replace PHYS 3103.) All students are strongly encouraged to participate in an undergraduate research project. An experimental research project (PHYS 4099) may count towards the advanced laboratory requirement.  The applied option for the Bachelor of Science degree requires a minimum of 12 credits from 2000-level or above related courses in mathematics, other sciences, or engineering. To complete the 48 total required credits for the applied option, the remaining six credits may come from 2000-level or above courses in physics, other sciences, mathematics, or engineering.  No more than two credits from PHYS 4094, and no more than six credits from PHYS 4099, may be counted towards this degree option.

Bachelor of Arts: 

A total of 36 credits from 2000-level or above courses in physics, other sciences, mathematics, or engineering are required. Among these, 24 credits must be physics courses which must include PHYS 2300, 2501W, 3103 or both 3101 and 3201, 3104 or 3300 along with 12 credits of elective physics courses. No more than two credits from PHYS 4094, and no more than six credits from PHYS 4099, may be counted towards this degree. The Bachelor of Arts degree requires a minimum of 12 credits from 2000-level or above related courses in mathematics, other sciences, or engineering. 

*PHYS 3103 and 3104 will be offered only in the Summer starting in 2010.

Engineering Physics

Bachelor of Science in Engineering Physics:

Offered jointly by the  School of Engineering and the Department of Physics in the College of Liberal Arts and Sciences, Engineering Physics majors can concentrate in either (1) Electrical, (2) Materials Science and Engineering or (3) Mechanical. To complete the degree, students must satisfy the course requirements of the College or School granting the degree. 

The major requires 128 credits of course work. 

Engineering Physics majors are required to complete the following: 

CHEM 1128Q or 1148Q

PHYS 2300, 2501W, 3101, 3201, 3202, and 3401

MATH 2110Q, 2410Q, and 3410

Electrical Engineering - ECE 2001W, 3101, 3111, 3201, 4111, 4211, 4901, and 4902; CSE 2300W; MATH 2210Q; PHYS 3300; STAT 3345Q, Elective courses (4 credits). 

Mechanical Engineering - ME 2233, 2234, 3220, 3227, 3242, 3250, 3253, 4972 and 4973W; CE 2110, 3110; STAT 3345Q; ME Elective Courses (6 credits); PHYS Elective courses (6 credits). 

Materials Science and Engineering - MSE 2001, 2002, 2053, 3001, 3002, 3003, 3004, 3055 and 3056, 4003W, 4901 and 4902W; CHEG 3156; PHYS 4150 and 4210; MSE Elective Courses (6 credits); Physics Elective Courses (3 credits). 

Students in the Bachelor of Science in Engineering Physics are required to pass ENGR 1000 in addition to PHYS 2300 in order to satisfy the information literacy competency requirement; they are required to pass CSE 1100 or the equivalent, in addition to PHYS 2501W, in order to satisfy the computer technology competency requirement; and PHYS 2501W will suffice to satisfy the writing in the major requirement.

The options for the electives courses are specified in the Engineering Physics Guide to Course Selection. 

A minor in Physics is described in the Minors section. 
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Undergraduate Marks: Relation of marks, points, course credits and fulfillment of skill requirements.

Department of Physics - 2152 Hillside Road, U-3046 Storrs, CT 06269-3046

Phone: (860) 486 4915,   Fax: (860) 486 3346
------------------------------------------------------

PHYS - Physics 

PHYS - Physics  Undergraduate modules (BSc)

Course Nbr: Course Title: Typically Offered: 

1010Q  Elements Of Physics  Fall Spring  

1020Q  Introductory Astronomy  Not regularly offered  

1025Q  Introductory Astronomy with Laboratory  Fall Spring  

1030Q  Physics of the Environment  Fall Spring  

1035Q  Physics of the Environment with Laboratory  Fall Spring  

1075Q  Physics of Music  Fall  

1201Q  General Physics  Fall Spring  

1202Q  General Physics  Fall Spring  

1230  General Physics Problems  Fall Spring  

1300  Physics for the Pharmacy Profession  Spring  

1401Q  General Physics with Calculus  Fall Spring  

1402Q  General Physics with Calculus  Fall Spring 

1501Q  Physics for Engineers I  Fall Spring  

1502Q  Physics for Engineers II  Fall Spring  

1530  General Physics Problems for Engineers  Fall Spring  

1600Q  Introduction to Modern Physics  Fall  

1601Q  Fundamentals of Physics I  Spring  

1602Q  Fundamentals of Physics II  Fall

2200  Computational Physics  Fall alternate years, even  

2300  The Development of Quantum Physics  Spring  

2400  Mathematical Methods for the Physical Sciences  Spring  

2501W  Laboratory in Electricity, Magnetism, and Mechanics  Fall  

2502  Laboratory in Electricity, Magnetism, and Mechanics  Spring alternate years, odd 

3101  Mechanics I  Fall  

3102  Mechanics II  Spring alternate years, even  

3103  Intermediate Physics I  Not regularly offered  

3104  Intermediate Physics II  Not regularly offered  

3150  Electronics  Spring alternate years, even  

3201  Electricity and Magnetism I  Fall  

3202  Electricity and Magnetism II  Spring  

3300  Statistical and Thermal Physics  Spring  

3401  Introductory Quantum Mechanics  Fall  

3402  Introductory Quantum Mechanics  Spring  

3989  Undergraduate Research  Fall Spring

4093  Foreign Study  Fall Spring  

4095  Special Topics  Fall Spring  

4096W  Research Thesis in Physics  Fall Spring  

4098  Variable Topics  Fall Spring  

4099  Independent Study  Fall Spring  

4100  Physics of the Earth's Interior  Spring alternate years, odd  

4130  Fundamentals of Planetary Science  Fall alternate years, even  

4140  Principles of Lasers  Spring alternate years, odd  

4150  Optics  Fall alternate years, even  

4210  Introduction to Solid State Physics  Fall alternate years, even  

4300  Astrophysics & Modern Cosmology  Spring  

4350  Nuclei and Particles  Fall alternate years, odd  

4900  Experimental Physics Design Laboratory  Not regularly offered 

Graduate level (MSc and post-grad) modules:

5010  Independent Study     

5020  Research in Physics     

5050  Modern Physics for Teachers     

5094  Physics Seminar     

5101  Methods of Theoretical Physics I     

5102  Methods of Theoretical Physics II     

5105  Methods of Experimental Physics     

5201  Theoretical Mechanics I     

5202  Theoretical Mechanics II     

5301  Electrodynamics I     

5302  Electrodynamics II     

5350  Computerized Modeling in Science     

5401  Quantum Mechanics I     

5402  Quantum Mechanics II     

5403  Quantum Mechanics III     

5500  Statistical Mechanics     

5600  Modern Physics     

5621  Advanced Topics in Physics I     

5622  Advanced Topics in Physics II 

6110  Atomic Physics     

6120  Molecular Physics     

6130  Quantum Optics     

6140  Principles of Lasers     

6150  Semiconductor Optical Devices     

6201  Fundamentals of Solid State Physics I     

6202  Fundamentals of Solid State Physics II     

6211  Condensed Matter Physics I     

6212  Condensed Matter Physics II     

6220  Advanced Solid State Physics     

6234  Non-Equilibrium Properties of Solids     

6236  Microwave Physics I     

6244  The Electrical Properties of Polymers     

6246  Nuclear Magnetic Resonance I     

6247  Nuclear Magnetic Resonance II     

6254  Low Temperature Physics I     

6256  X-Ray Physics I     

6264  Semiconductor Physics     

6300  Astrophysics and Modern Cosmology     

6310  Relativity     

6320  Nuclei and Particles     

6331  Nuclear Physics I     

6332  Nuclear Physics II     

6341  Quantum Theory of Fields I     

6342  Quantum Theory of Fields II     

---------------------------------------------------------

Physics (PHYS) 2011-2012

Physics BSc Courses

For major requirements, see the College of Liberal Arts and Sciences section of this Catalog. 

1010Q. Elements of Physics 

(101Q) Four credits. Three class periods and one 2-hour laboratory period. Recommended preparation: MATH 1010 or the equivalent. Not open for credit to students who have passed PHYS 1201, 1401, 1501 or 1601.  

Basic concepts and applications of physics for the non-science major.  Scientific principles and quantitative relationships involving mechanics, energy, heat and temperature, waves, electricity and magnetism, and the theory of the atom are covered.  A laboratory provides hands-on experience with the principles of physics. CA 3-LAB. 

1020Q. Introductory Astronomy 

(154Q) Three credits. Recommended preparation: MATH 1010 or equivalent. Not open to students who have passed PHYS 1025Q. 

A basic introductory astronomy course without laboratories, including principles of celestial coordinate systems and telescope design; applications of fundamental physical laws to the sun, planets, stars and galaxies; evolution of stars, galaxies and the universe; recent space probe results, modern cosmology, astrobiology. Night observing sessions are an integral part of the course. CA 3. 

1025Q. Introductory Astronomy with Laboratory 

(155Q) Four credits. Three class periods and one 2-hour laboratory period. Recommended preparation: MATH 1010 or equivalent. Not open to students who have passed PHYS 1020Q. 

A basic introductory astronomy course including principles of celestial coordinate systems and telescope design; applications of fundamental physical laws to the sun, planets, stars and galaxies; evolution of stars, galaxies and the universe; recent space probe results, modern cosmology, astrobiology. Basic quantitative laboratory techniques relevant to astronomy. Night observing sessions are an integral part of the course.  CA 3-LAB. 

1030Q. Physics of the Environment 

(103Q) Three credits. Recommended preparation: MATH 1010 or the equivalent. Not applicable to any requirement that specifies a course in "general physics."  

Concepts of physics applied to current problems of the physical environment: energy, transportation, pollution. No previous knowledge of physics is assumed. CA 3. 

1035Q. Physics of the Environment with Laboratory 

(104Q) Four credits. Three class periods and one 2-hour laboratory period. Recommended preparation: MATH 1010 or the equivalent. No previous knowledge of physics is assumed. Not open for credit to students who have passed PHYS 1030Q.  

Concepts of physics applied to the physical environment, particularly to current problems related to energy, transportation, and pollution. These relationships will be further explored in the laboratory section. CA 3-LAB. 

1050. Inquiry-Based Physics 

(105) Four credits. One class period and three 2-hour laboratory periods. 

 Selected topics from physics, with an emphasis on a depth of understanding. Provides background for teaching physical science as a process of inquiry, and develops scientific literacy. Particularly for pre-service elementary school teachers. 

1075Q. Physics of Music 

(107Q) Four credits. Three class periods and one 2-hour laboratory period. Recommended preparation: MATH 1010 or equivalent. 

Basic principles of physics and scientific reasoning will be taught in the context of the production and perception of music, emphasizing the historic and scientific interplay between physics and music. Basic quantitative laboratories pertaining to sound, music, and waves. No previous knowledge of physics or music is assumed. CA 3-LAB. 

1201Q-1202Q. General Physics 

(121Q-122Q) Four credits each semester. Three class periods and one 3-hour laboratory period. Prerequisite: MATH 1060 or 1110 or 1120 or equivalent. PHYS 1201 not open for credit to students who have passed PHYS 1401, 1501 or 1601. PHYS 1202 not open for credit to students who have passed PHYS 1402, 1502 or 1602. PHYS 1201 required for PHYS 1202.  

Basic facts and principles of physics. The laboratory offers fundamental training in precise measurements. CA 3-LAB. 

1230. General Physics Problems 

(123) Three credits. Prerequisite: PHYS 1202 and MATH 1122 or 1132, both of which may be taken concurrently. Not open for credit to students who have passed PHYS 1501 or 1601.  

Problems, emphasizing applications of calculus, dealing with topics in general physics.  Intended for those students who have taken or are taking PHYS 1202 and who desire to have a calculus-based physics sequence equivalent to PHYS 1401-1402. 

1300. Physics for the Pharmacy Profession 

(127) Three credits. Prerequisite: MATH 1121Q or 1126Q which may be taken concurrently, or MATH 1131Q, or MATH 1151Q. Not open for credit to students who have passed PHYS 1230, 1401Q, 1402Q, 1501Q, 1502Q, 1601Q, or 1602Q.

Survey of the principles of physics and their application to the pharmaceutical sciences. Basic concepts of calculus are used. Examples from mechanics, electricity and magnetism, thermodynamics, fluids, waves, and atomic and nuclear physics. 

1401Q-1402Q. General Physics with Calculus 

(131Q-132Q) Four credits each semester. Three class periods and one 3-hour laboratory period. Recommended preparation for PHYS 1401: MATH 1121 or 1131. Prerequisite for PHYS 1402: PHYS 1401. Recommended preparation for PHYS 1402: MATH 1122 or 1132.  PHYS 1401 is not open for credit to students who have passed PHYS 1501 or 1601. PHYS 1402 not open for credit to students who have passed 1502 or 1602. PHYS 1401 may be taken for not more than 2 credits, with the permission of the instructor, by students who have received credits for PHYS 1201. PHYS 1402 may be taken for not more than 2 credits, with the permission of the instructor, by students who have received credit for PHYS 1202.  

Quantitative study of the basic facts and principles of physics. The laboratory offers fundamental training in physical measurements. Recommended for students planning to apply for admission to medical, dental or veterinary schools and also recommended for science majors for whom a one year introductory physics course is adequate. CA 3-LAB. 

1501Q. Physics for Engineers I 

(151Q) Four credits. Three class periods and one 3-hour laboratory period. Recommended preparation: PHYS 1010 or secondary school physics; and CE 2110, as well as either MATH 2110 or 2130, which may be taken concurrently. Not open for credit to students who have passed PHYS 1401 or 1601. PHYS 1501 may be taken for not more than 2 credits, with the permission of the instructor, by students who have received credit for PHYS 1201.  

Basic facts and principles of physics. Elementary concepts of calculus are used. Classical dynamics, rigid-body motion, harmonic motion, wave motion, acoustics, relativistic dynamics, thermodynamics. CA 3-LAB. 

1502Q. Physics for Engineers II 

(152Q) Four credits. Three class periods and one 3-hour laboratory period. Prerequisite: PHYS 1501. Not open for credit to students who have passed PHYS 1402 or 1602. PHYS 1502 may be taken for not more than 2 credits, with the permission of the instructor, by students who have received credit for PHYS 1202.  

Electric and magnetic fields, electromagnetic waves, quantum effects, introduction to atomic physics. CA 3-LAB. 

1530. General Physics Problems for Engineers 

(125) Four credits. Three class periods and one 1-hour recitation period. Prerequisite: PHYS 1202 and MATH 1122 or 1132, both of which may be taken concurrently. Not open for credit to students who have passed PHYS 1230, 1501 or 1601.  

Problems, emphasizing applications of calculus, dealing with topics in general physics. Intended for those students who have taken or are taking PHYS 1202 and who desire to have a calculus-based physics sequence equivalent to PHYS 1501-1502 or 1601-1602. 

1600Q. Introduction to Modern Physics 

(140Q) Four credits. Three class periods, one recitation period and one 3-hour laboratory period. Recommended preparation: MATH 1010 or the equivalent and MATH 1060, which may be taken concurrently, or passed the Calculus Placement Survey. 

Quantitative exploration of the structure of matter, including gas laws, electric and magnetic forces, the electron, x-rays, waves and light, relativity, radioactivity, and spectra. Recommended for prospective Physics majors. CA 3-LAB. 

1601Q. Fundamentals of Physics I 

(141Q) Four credits. Three class periods and one 3-hour laboratory period. Recommended preparation:  MATH 1121 or 1131 or 1151, any of which may be taken concurrently. MATH 1151 is preferred for Physics majors. Not open for credit to students who have passed PHYS 1401 or 1501. May be taken for not more than three credits, with the permission of the instructor, by students who have received credit for PHYS 1201.  

Fundamental principles of mechanics, statistical physics, and thermal physics. Basic concepts of calculus are used. This course is recommended for prospective Physics majors. CA 3-LAB. 

1602Q. Fundamentals of Physics II 

(142Q) Four credits. Three class periods and one 3-hour laboratory period. Recommended preparation: PHYS 1601, and MATH 1122 or 1132 or 1152, any of which may be taken concurrently. MATH 1152 is preferred for Physics majors. Not open for credit to students who have passed PHYS 1402 or 1502. May be taken for not more than three credits, with the permission of the instructor, by students who have received credit for PHYS 1202.  

Fundamental principles of electromagnetism, optics and wave propagation.  Basic concepts of calculus are used. Recommended for prospective Physics majors. CA 3-LAB. 

2200. Computational Physics  

(220C) Three credits. Two class periods and one 2-hour laboratory period. Prerequisite: PHYS 1230 or 1402 or 1502 or 1530 or 1602 and MATH 2410, any of which may be taken concurrently; or instructor consent. 

A basic introduction to numerical and mathematical methods required for the solution of physics problems using currently available scientific software for computation and graphics. 

2300. The Development of Quantum Physics 

(230) Three credits. Prerequisite: PHYS 1230 or 1402 or 1502 or 1530 or 1602, which may be taken concurrently; or PHYS 1202 with consent of instructor. 

The inadequacies of classical physical concepts in the submicroscopic domain. The revision of physical principles that led to special relativity and modern quantum theory. Application to topics chosen from atomic and molecular physics, solid state physics, nuclear physics and elementary particle physics.     

2400. Mathematical Methods for the Physical Sciences    

Three credits. Prerequisite: PHYS 1230 or 1402 or 1502 or 1530 or 1602; and MATH 2110Q; either or both may be taken concurrently; or consent of the instructor. 

Theoretical mathematical methods required for physical science courses.        

2501W-2502. Laboratory in Electricity, Magnetism, and Mechanics

(258WC-259C) Three credits each semester. One class period, one 3-hour laboratory period, and additional assignments on the theoretical interpretation of experiments. One hour lecture per week. Time by arrangement. A written presentation of methods and results is required for each experiment. Prerequisites: First semester, PHYS 1201 or 1401 or 1501 or 1601; Second semester, PHYS 1202 or 1402 or 1502 or 1602. Both semesters, prerequisite: ENGL 1010 or 1011 or 3800.  

Experiments with mechanical phenomena. Experiments with electric and magnetic phenomena, including their interaction with matter. The handling of experimental data. The use of computers in experimental physics. 

3101. Mechanics I 

(242) Three credits. Prerequisite: PHYS 1230 or 1402 or 1502 or 1530 or 1602; MATH 2110 or 2130, which may be taken concurrently. 

Newton's Laws of motion applied to mass points, systems of particles, and rigid bodies. 

3102. Mechanics II 

(246) Three credits. Prerequisite: MATH 2410 or 2420 and PHYS 3101 or CE 2120. 

Further applications of Newton's Laws; continuous media; Lagrange's and Hamilton's formulation of dynamics. 

3103. Intermediate Physics I 

(209) Three credits. Prerequisite: PHYS 1402 or 1502 or 1602 or, with consent of instructor, PHYS 1202.  

Classical mechanics, electricity, and magnetism. 

3104. Intermediate Physics II 

(210) Three credits. Prerequisite: PHYS 1402 or 1502 or 1602 or, with consent of instructor, PHYS 1202.  

Kinetic theory, introduction to quantum mechanics. 

3150. Electronics 

(256) Three credits. Two class periods and one 3-hour laboratory period. Prerequisite: PHYS 1230, or 1402, or 1502 or 1530 or 1602 or instructor consent.  

The principles of devices and their applications to instrumentation in science and engineering. Rectification, filtering, regulation, input and output impedance, basic transistor circuits, operational amplifiers, preamplifiers for photodiodes and other transducers, logic gates, and digital circuits. 

3201. Electricity and Magnetism I 

(255) Three credits. Prerequisite: PHYS 1230 or 1402 or 1502 or 1530 or 1602 or instuctor consent; MATH 2110 and 2410, or 2130 and 2420.  

Properties of electric and magnetic fields; direct and alternating current circuits. 

3202. Electricity and Magnetism II 

(257) Three credits. Prerequisite: PHYS 3201.  

Mathematical theory of the electromagnetic field; electric and magnetic properties of matter. 

3300. Statistical and Thermal Physics 

(271) Three credits. Prerequisite: PHYS 1230 or 1402 or 1502 or 1530 or 1602; PHYS 2300; MATH 2110 and 2410, or 2130 and 2420. Recommended preparation: PHYS 3201 and 3401.

The laws of thermodynamics and their microscopic statistical basis; entropy, temperature, Boltzmann factor, chemical potential, Gibbs factor, and the distribution functions. 

3401-3402. Introductory Quantum Mechanics 

(261-262) Three credits each semester. Prerequisite: PHYS 2300; MATH 2110 and 2410, or 2130 and 2420.  

Elementary principles of quantum mechanics; applications to electrons, atoms, molecules, nuclei, elementary particles, and solids. 

3989. Undergraduate Research 

(290) Credits, not to exceed three each semester, and hours by arrangement. Prerequisite: Open only with consent of instructor. May be repeated for credit. 

Introduction to original investigation performed by the student under the guidance of a faculty member. The student is required to submit a brief report at the end of each semester. 

4093. Foreign Study 

(293) Credits and hours by arrangement. Prerequisite: Consent of Department Head required, normally to be granted prior to the student's departure. May count toward the major with consent of the advisor.  May be repeated for credit.

Special topics taken in a foreign study program. 

4094. Seminar in Current Topics 

(291) One credit. One class period. To be taken concurrently with any of the following: PHYS 3101, 3102, 3201, 3202, 3401, 3402, 3300 or 4150. Prerequisite: Open only with consent of instructor. With a change in content, this course may be repeated for credit only once.  

Lectures on topics relevant to current research. 

4095. Special Topics 

(298) Credits and hours by arrangement. Prerequisites and recommended preparation vary. With a change in content, may be repeated for credit.

4096W. Research Thesis in Physics 

(292W) Three credits. Hours by arrangement. Prerequisite: ENGL 1010 or 1011 or 3800; open only with instructor consent. 

Research investigation for the advanced undergraduate. Research and writing of a Thesis are required. Final public presentation is recommended.

4098. Variable Topics

(295) Three credits. Prerequisites and recommended preparation vary. With a change in topic, may be repeated for credit. 

4099. Independent Study 

(299) Credits by arrangement, not to exceed 3 each semester. Prerequisite: Open only with consent of instructor. With a change of topic, this course may be repeated for credit. 

4100. Physics of the Earth's Interior 

(277) (Also offered as GSCI 4550.) Three credits. Prerequisite: PHYS 1230 or 1402 or 1502 or 1530 or 1602, which may be taken concurrently; MATH 1122 or 1126 or 1131, which may be taken concurrently. Recommended preparation: MATH 1132. Not open to students who have taken GEOL 264Q. Cormier 

The composition, structure, and dynamics of the Earth's core, mantle, and crust inferred from observations of seismology, geomagnetism, and heat flow. 

4130. Fundamentals of Planetary Science 

(278) (Also offered as GSCI 4560.) Three credits. Prerequisite: PHYS 1230 or 1402 or 1502 or 1530 or 1602, which may be taken concurrently; MATH 1122  or 1126 or 1131, which may be taken concurrently. Not open to students who have taken GEOL 266Q. Cormier 

Evolution of the solar system, celestial mechanics, tidal friction, internal composition of planets, black-body radiation, planetary atmospheres. 

4140. Principles of Lasers

(275) Three credits. Prerequisite: PHYS 3202 and 3401 or consent of instructor. Recommended preparation: PHYS 4150. 

The physics of lasers, including optical pumping and stimulated emission, laser rate equations, optical resonators, Gaussian beam propagation, Q-switching, mode-locking and nonlinear optics. Applications to gas, solid-state and tunable laser systems. 

4150. Optics 

(281) Four credits. Three class periods and one 3-hour laboratory period. Prerequisite: PHYS 1230 or 1402 or 1502 or 1530 or 1602  or instructor consent. Recommended preparation: PHYS 3103 or 3201.

An introduction to geometrical and physical optics. Thick lenses, stops, aberrations, interference, diffraction, polarization. 

4210. Introduction to Solid State Physics 

(273) Three credits. Prerequisite: PHYS 1230 or 1402 or 1502 or 1530 or 1602. 

Crystal lattices, lattice waves, thermal and electronic properties, imperfections in solids. 

4300. Astrophysics and Modern Cosmology 

(276) (Also offered as PHYS 6300.) Three credits. Prerequisite: PHYS 3101 or 3103, PHYS 3104 or 3201, and PHYS 2300; or instructor consent. 

Basic principles of contemporary astrophysics; applications to stars, galaxies, and modern cosmology. 

4350. Nuclei and Particles 

(274) Three credits. Prerequisite: PHYS 3401 or equivalent.  

Properties of nuclei and particles, conserved quantities, isospin, quark model, Fermi gas model, electroweak interaction, high energy scattering. 

4900. Experimental Physics Design Laboratory  

(285C) Three credits. Two 3-hour laboratory periods and additional reading assignments. A written description of the proposed method must be submitted and approved before each experiment, and a subsequent written critical evaluation of each experiment is required. Prerequisite: PHYS 2300, 3101 or 3102, and 3202; PHYS 3401, which may be taken concurrently; and PHYS 2501 or 2502 or ECE 3608 or MSE 4003. 

Experiments in modern and classical physics are independently designed, performed, and evaluated. Experiments are chosen from the areas of atomic, solid state and thermal physics, as well as from acoustics and optics. Computers are utilized for control of the experimental process, data acquisition and analysis. 

--------------------------------------------------------

Physics - MSc Courses:

For admission to either the M.S. or Ph.D. program, completion of a bachelor's degree normally is required. It is expected that the applicant will have majored in physics or in a related subject. 

The Master of Science Degree

Each student in the Master's program follows an individual plan of study arranged jointly by the student and an advisory committee, based on the student's career goals as well as prior preparation. Candidates for the Plan B Master's degree are required to complete 24 credits of courses. Under Plan A, a thesis is required, as well as completion of 9 credits of Thesis Research courses as stipulated in the Standards and Degree Requirements section of this catalog.

PHYS 5010 (1 - 6 Credits) Instructor Consent Required

Independent Study

A special reading course for graduate students. This course may be taken, with change of topic, up to three times for a maximum of nine total credits. Students taking this course will be assigned a final grade of S (satisfactory) or U (unsatistactory.) Components: Independent Study

________________________________________________________________________________

PHYS 5020 (1 - 6 Credits) Instructor Consent Required

Research in Physics

Experimental and theoretical research in selected topics in physics. This course may be taken up to three times for a maximum of nine credits.

Components: Laboratory

________________________________________________________________________________

PHYS 5050 (3 Credits) 

Modern Physics for Teachers

New teaching materials and techniques as developed by the Physical Science Study Committee for secondary school teachers of physics.

Components: Lecture

________________________________________________________________________________

PHYS 5094 (1 Credits) Instructor Consent Required

Physics Seminar

The treatment of special topics, primarily by individual readings and reports.

Students taking this course

will be assigned a final grade of S (satisfactory) or U (unsatistactory.)

Components: Seminar

________________________________________________________________________________

PHYS 5101 (3 Credits) 

Methods of Theoretical Physics I

Vector and tensor analysis, curvilinear coordinates, linear algebra, functions of complex variables,

differential equations, special functions, elements of Green's functions.

Components: Lecture

________________________________________________________________________________

PHYS 5102(3 Credits)

Methods of Theoretical Physics II

Abstract vector spaces, Hilbert space, group theory. Fourier series and integral representations, Theory of

Green's functions and integral equations. Complex function theory.

Components: Lecture

Requirement Group: Prerequisite: PHYS 5311 (RG 482).

________________________________________________________________________________

PHYS 5105(1 - 6 Credits) 

Methods of Experimental Physics

Experimental methods used in modern research are applied to experiments from various fields of physics,

including: low temperature conductivity of metals, x-ray diffraction, acoustic attenuation, optical constants

of metals, color centers in alkali halides, nuclear beta decay, Zeeman effects and others.

Components: Laboratory

________________________________________________________________________________

PHYS 5201(3 Credits) 

Theoretical Mechanics I

Classical mechanics: Lagrange equations, central force motion, rigid body motions, small oscillations, Hamilton equations, canonical transformation.

Components: Lecture

________________________________________________________________________________

PHYS 5202 (3 Credits) 

Theoretical Mechanics II

Dynamics of continuous media, hydromechanics, elasticity, wave motion, wave interactions and scattering, non-linear processes.

Components: Lecture  Requirement Group: Prerequisite: PHYS 5318 (RG481).

________________________________________________________________________________

PHYS 5301 (3 Credits)

Electrodynamics I

Differential formulations of electrostatics and magnetostatics, electromagnetic induction. Maxwell equations, electromagnetic waves, application to wave guides, cavities, and dispersive media. Foundations of special relativity.

Components: Lecture

Requirement Group: Prerequisite: PHYS 5101 (311) (RG4040)

________________________________________________________________________________

PHYS 5302 (3 Credits) 

Electrodynamics II

Maxwell's equations with time dependent sources; radiation from relativistic charged particles; dynamical laws for charged particles; diffraction of electromagnetic waves.

Components: Lecture

________________________________________________________________________________

PHYS 5350 (4 Credits) Instructor Consent Required

Computerized Modeling in Science

Development and computer-assisted analysis of mathematical models in chemistry, physics, and engineering.  Typical topics include chemical equilibrium, reaction rates, particle scattering, vibrating systems, least square analysis and quantum chemistry.

Components: Lecture

Course Equivalents: MATH 5540

________________________________________________________________________________

PHYS 5401 (3 Credits) 

Quantum Mechanics I

Mathematical formulation and interpretation of quantum mechanics. Illustrative examples. Hydrogen atom. Dirac ket and bra vectors, matrix methods. Scattering theory.

Components: Lecture

Requirement Group: Prerequisite: PHYS 5101 (311) and PHYS 5201 (318) (RG 4041).

________________________________________________________________________________

PHYS 5402 (3 Credits) 

Quantum Mechanics II

Symmetry and angular momentum. Approximation methods for stationary and time-dependent problems, with applications. Relativistic theory of the electron.

Components: Lecture

Requirement Group: Prerequisite: PHYS 5401 (RG487).

________________________________________________________________________________

PHYS 5403 (3 Credits) 

Quantum Mechanics III

Occupation number representation, electron gas, Hartree-Fock approximation, correlation energy,

superconductivity, perturbation theory, Green's functions, Feynman diagrams.

Components: Lecture

Requirement Group: Prerequisite: PHYS 5402 (RG490).

________________________________________________________________________________

PHYS 5500 (3 Credits) 

Statistical Mechanics

Ensembles, distribution function, partition function. Bose-Einstein and Fermi-Dirac distributions,

fluctuations, applications to the properties of solids and liquids and to the kinetic theory of gases.

Components: Lecture

Requirement Group: Prerequisite: PHYS 5401 (RG488).

________________________________________________________________________________

PHYS 5600 (3 Credits)

Modern Physics

Experimental and theoretical milestones in the development of contemporary physics. Atomic, molecular, and optical physics including quantum optics; condensed matter physics; nuclear and particle physics; and cosmology and astrophysics.

Components: Lecture

Requirement Group: Prerequisite: PHYS 5401 (RG487).

________________________________________________________________________________

PHYS 5621 (1 - 6 Credits) Instructor Consent Required

Advanced Topics in Physics I

Selected topics in theoretical and experimental physics.

Components: Lecture

________________________________________________________________________________

PHYS 5622 (1 - 3 Credits) Instructor Consent Required

Advanced Topics in Physics II

Selected topics in theoretical and experimental physics.

Components: Lecture

Requirement Group: Prerequisite: PHYS 5621 (RG489)

________________________________________________________________________________

PHYS 6110 (3 Credits)

Atomic Physics

Coupling of angular momenta. Hartree-Fock theory of many electron atoms, fine structure and hyperfine structure. Introduction to group theory.

Components: Lecture

Requirement Group: Prerequisite: PHYS 5402 (RG490).

________________________________________________________________________________

PHYS 6120 (3 Credits) 

Molecular Physics

Heitler-London and molecular orbital theories for diatomic molecules, semi-empirical methods of poly-atomic molecules.

Components: Lecture

Requirement Group: Prerequisite: PHYS 6110 (RG 495).

________________________________________________________________________________

PHYS 6130 (3 Credits) 

Quantum Optics

Semiclassical theory of light-matter interactions. Quantum states of light. Generation, detection and

interactions of nonclassical radiation.

Components: Lecture

Requirement Group: Prerequisite: PHYS 5401 (RG487).

________________________________________________________________________________

PHYS 6140 (3 Credits) 

Principles of Lasers

The physics of lasers, including optical pumping and stimulated emission, laser rate equations, optical resonators, non-linear optics, the Kerr effect and Faraday rotation. Applications to gas, crystal, glass, liquid, dye, semiconductor, chemical and ultraviolet lasers, Q-switching, mode-locking, and parametric devices.

Components: Lecture

________________________________________________________________________________

PHYS 6150 (3 Credits) 

Semiconductor Optical Devices

Semiconductor based optical devices such as lasers, amplifiers, modulators, and photodetectors, and their application to optical fiber transmission systems.

Components: Lecture

Requirement Group: Prerequisite: PHYS 6201 (RG1114).

________________________________________________________________________________

PHYS 6201 (3 Credits) 

Fundamentals of Solid State Physics I

Crystal structure, phonons, electronic band structure, metals, insulators and semiconductors.

Components: Lecture

________________________________________________________________________________

PHYS 6202 (3 Credits)

Fundamentals of Solid State Physics II

Optical, magnetic and transport properties. Lattice defects. Non-crystalling solids.

Components: Lecture

Requirement Group: Prerequisite: PHYS 6201 (RG506).

________________________________________________________________________________

PHYS 6211 (3 Credits) 

Condensed Matter Physics I

Crystal structure; lattice vibrations; electronic band structure of solids; transport theory; basic

properties of metals, semi-conductors and insulators; magnetism; super-conductivity.

Components: Lecture

Requirement Group: Prerequisite: PHYS 5402 (RG490).

________________________________________________________________________________

PHYS 6212 (3 Credits) 

Condensed Matter Physics II

Crystal structure; lattice vibrations; electronic band structure of solids; transport theory; basic

properties of metals, semi-conductors and insulators; magnetism; super-conductivity.

Components: Lecture

Requirement Group: Prerequisite: PHYS 6211 (RG491).

________________________________________________________________________________

PHYS 6220 (3 Credits)

Advanced Solid State Physics

The many-body problem in solid state physics. The electron gas, normal metals, electron-phonon interactions, superconductivity, ferro- and antiferro-magnetism and spin waves, polaron theory.

Components: Lecture

Requirement Group: Prerequisite: PHYS 6212 or PHYS 6342 (RG496).

________________________________________________________________________________

PHYS 6234 (3 Credits) 

Non-Equilibrium Properties of Solids

Electrical and thermal conduction, thermoelec-tricity. Electrons and phonons. Perturbation techniques to estimate interaction rates; electron-phonon, phonon-phonon and imperfection scattering processes. Ultrasonic generation and attenuation, spin-lattice interactions.

Components: Lecture

Requirement Group: Prerequisite: PHYS 6211 (RG501).

________________________________________________________________________________

PHYS 6236 (3 Credits)

Microwave Physics I

The principles of microwave and radio frequency techniques applied to investigation of the properties of matter.

Components: Lecture

Requirement Group: Prerequisite: PHYS 5301 (RG493).

________________________________________________________________________________

PHYS 6244 (3 Credits) 

The Electrical Properties of Polymers

Experimental and theoretical aspects of electrical phenomena in polymers: DC and AC conductivity, dielectric constant, electrical breakdown, photoconductivity, etc. Extended and localized electron wavefunctions; band and hopping conduction.

Components: Lecture

________________________________________________________________________________

PHYS 6246 (3 Credits) 

Nuclear Magnetic Resonance I

Basic theory and experimental methods of NMR with emphasis on resonance and relaxation in metals. Brief discussion of interpretation of NMR in non-metallic solids, liquids, and gases.

Components: Lecture

Requirement Group: Prerequisite: PHYS 5401 (RG487).

________________________________________________________________________________

PHYS 6247 (3 Credits) 

Nuclear Magnetic Resonance II

Basic theory and experimental methods of NMR with emphasis on resonance and relaxation in metals. Brief discussion of interpretation of NMR in non-metallic solids, liquids, and gases.

Components: Lecture

Requirement Group: Prerequisite: PHYS 6246 (RG502).

________________________________________________________________________________

PHYS 6254 (3 Credits) Instructor Consent Required

Low Temperature Physics I

Lectures and seminars on selected topics in low temperature physics; superfluidity and super-conductivity, solid state, nuclear alignment and polarization, transport properties in solids.

Components: Lecture

________________________________________________________________________________

PHYS 6256 (3 Credits)

X-Ray Physics I

Symmetry of crystals. Production and properties of x-rays. Application of x-rays in the study of crystalline and amporphous solids by diffraction and spectroscopic techniques, including synchrotron radiation for studying atomic and electronic structures in materials.

Components: Lecture

________________________________________________________________________________

PHYS 6264 (3 Credits) 

Semiconductor Physics

Semiconductors and semiconductor devices. Band structure, phonon scattering, velocity-field relations, effects of doping and magnetic fields, optical and transport properties.

Components: Lecture

Requirement Group: Prerequisite: PHYS 6201 and PHYS 5402, which may be taken concurrently (RG1115).

________________________________________________________________________________

PHYS 6300 (3 Credits) Instructor Consent Required

Astrophysics and Modern Cosmology

Basic principles of contemporary astrophysics; applications to stars, galaxies, and modern cosmology. 

Instructor consent required. Preparation equivalent to PHYS 257 and PHYS 261 is expected.

Components: Lecture

________________________________________________________________________________

PHYS 6310 (3 Credits) 

Relativity

Special relativity, tensor analysis, foundations of general relativity, Petrov classification of curved

spacetimes, Schwarzchild and Kerr solutions, experimental tests and recent developments.

Components: Lecture

________________________________________________________________________________

PHYS 6320 (3 Credits) 

Nuclei and Particles

Properties of nuclei and particles, conserved quantities, isospin, quark model, Fermi gas model, electroweak interaction, high energy scattering.

Components: Lecture

________________________________________________________________________________

PHYS 6331 (3 Credits) 

Nuclear Physics I

A quantum mechanical treatment of nuclear forces and nuclear structure, including the shell and collective models, and of reaction and radiation phenomena. The second semester is reserved for a discussion of selected topics on an advanced level.

Components: Lecture

Requirement Group: Prerequisite: PHYS 5402 (RG490).

________________________________________________________________________________

PHYS 6332 (3 Credits)

Nuclear Physics II

A quantum mechanical treatment of nuclear forces and nuclear structure, including the shell and collective models, and of reaction and radiation phenomena. The second semester is reserved for a discussion of selected topics on an advanced level.

Components: Lecture

Requirement Group: Prerequisite: PHYS 6331 (RG497).

________________________________________________________________________________

PHYS 6341 (3 Credits)

Quantum Theory of Fields I

Local gauge invariance, Lagranian formulation, Noether currents, spontaneous breakdown of symmetry, Higgs mechanism and superconductivity, canonical quantization, Feynman diagrams, Green's functions.

Components: Lecture

Requirement Group: Prerequisite: PHYS 5403 (RG498).

________________________________________________________________________________

PHYS 6342 (3 Credits)

Quantum Theory of Fields II

Topics chosen from the following: Path integral formalism, generating functionals, renormalization, abelian and non-abelian gauge theories (QED and QCD), electroweak theory, solitons, instantons.

Components: Lecture

Requirement Group: Prerequisite: PHYS 6341 (RG499).

------------------------------------------------------

Standards and Degree Requirements 

These represent general academic standards and requirements of the Graduate School as they apply to graduate students in degree programs. Some programs have special regulations more detailed or stringent. Students should acquaint themselves with their own program’s requirements as set forth in this Catalog and subsequent ones, as appropriate. Undergraduate and non-degree students taking a graduate course should consult the appropriate bulletin for regulations which apply to them.

Course Grades

Instructors are required to file with the University Registrar grades for all courses that a student takes for credit. While instructors are free to set the standard of performance they expect in their courses, a uniform scale is published to encourage general agreement on the meaning of grades.

The letter A signifies work of distinction. The letter B represents work of good quality, such as is expected of any successful graduate student. The letter C represents work below the standard expected of graduate students in their area of study. It is recognized that work of C quality in a supporting area may be of benefit to students and that they should not be discouraged by the grading system from including some supporting work in their programs. Such work shall be identified on the plan of study. Plus and minus values may be assigned to all but failing grades, are entered on the permanent record, and are computed into the student’s grade point average.

A grade of D+, D, or D- signifies work of unsatisfactory quality. If a graduate student receives any form of a D grade, the course may not remain on the plan of study and the student’s eligibility to continue in the degree program is reviewed by the student’s advisory committee.

The grade of F or U signifies failure in the course and necessitates a recommendation by the advisory committee to the Graduate School as to whether or not the student shall be permitted to continue graduate study.

Final grades of S (Satisfactory) or U (Unsatisfactory) are associated only with certain courses designated as such by the Executive Committee of the Graduate Faculty Council. Certain foreign language courses designed under method (2) for fulfillment of a doctoral language requirement also may carry the S/U grading option, if chosen by the student. (See “Foreign Language; Related or Supporting Area of Study.”) All but the foreign language courses are identified in this bulletin by the symbol † preceding the course number. This type of grading is designed for courses or sections of courses in which student performance cannot readily be evaluated due to the nature of the course as conducted at the time.   An S is not computed into the student’s grade point average, while a U is viewed as an F (except that no computation is made for 1000’s level courses).

Graduate students are not permitted to take any regular course, undergraduate or graduate, on a Pass/Fail basis.

A mark of I (Incomplete) is assigned if a student has been doing work of acceptable quality but, for some reason satisfactory to the instructor, has not completed all of the work required to earn credit for a course by the end of the semester or session.

The letter W signifies withdrawal from a course after either the tenth day of a semester course or the first week of a summer-session course. Except in extraordinary cases where academic factors or extreme or unusual circumstances warrant it, this mark is not deleted from the permanent academic record.
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