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1. 
Introduction

TRIPOD is a programme developed for the United Nations Office for Outer Space Affairs (OOSA) in an effort to assist in the education of astronomy and astrophysics in developing countries. The TRIPOD programme’s goal is to use three different tools in combination with each other to facilitate educational programmes in places where one would otherwise find little or no current emphasis on astronomy and astrophysics in the established curriculum. The elements of TRIPOD are as follows: (i) observation of programmes and educational materials concerning variable stars developed by the American Association of Variable Star Observers (AAVSO), called “Hands-On Astrophysics” (HOA); (ii) lesson plans entitled “Astrophysics for University Physics Courses”, developed by Dr. Donat Wentzel of the University of Maryland at College Park, United States of America; and (iii) telescope facilities (a GOTO 45cm Schmidt-Cassagrain telescope) donated by the Government of Japan.  These three elements of the TRIPOD programme work together to create a comprehensive curriculum designed to give the students of such a programme a very broad and clear understanding of the universe, galaxies, stars and the physics that governs their structure and evolution.

TRIPOD is used in developing countries all over the world, but the programme has not been tested in an industrialized country that has developed advanced programmes for astronomy and astrophysics. To find out how TRIPOD could work in a university in an industrialized country, one must compare how the TRIPOD programme is organized versus how the astrophysics curricula are organized. The university that will serve as an example for comparison is Vanderbilt University in Nashville, Tennessee, United States of America.

2. 
Vanderbilt’s physics curriculum

Vanderbilt University’s programme for the education of astronomy and astrophysics is part of the Department of Physics and Astronomy.  An astrophysics track of the standard physics curriculum is well incorporated into the curriculum’s framework.  The astrophysics track is designed to give students a strong background in physics, while educating them in topics of astronomy and astrophysics that would prepare them for a career in astrophysical research;  however, for the purposes of this report, we will examine the basic physics track for work with TRIPOD.

The standard physics track for undergraduates at Vanderbilt includes an introductory course in physics, a core curriculum consisting of five courses and two seminars and two elective courses of the student’s choice.  The courses of the various parts of the curriculum are (numbers in brackets refer to credit hours): 

Introductory Physics (one of the following): [8-10] 

PHYS 116a-b: General Physics [4+4]

PHYS 117a-b: General Physics [4+4]

PHYS 121a-b: Principles of Physics [5+5]
Core Curriculum: [19] (classes are listed in the usual sequence in which they are taken)

PHYS 225a: Introduction to Atomic, Molecular and Optical Physics [4]

PHYS 225b: Introduction to Condensed Matter, Nuclear and Particle Physics [4]

PHYS 223: Thermal and Statistical Physics [3]

PHYS 227a: Intermediate Classical Mechanics (first semester) [3]

PHYS 229a: Electricity, Magnetism and Electrodynamics (first semester) [3]

PHYS 250a or 250b: Undergraduate Physics Colloquium [1]

ASTR 250a or 250b: Undergraduate Astronomy Seminar [1]

Elective courses: [6]

The elective courses may consist of any physics (or astronomy) courses that are at the 200 level or above with the exception of the aforementioned PHYS 250a, b and ASTR 250a and b, as the completion of one semester of each of those courses is required under the “core requirements”. Many physics students at Vanderbilt elect to take the second semester of Intermediate Classical Mechanics (PHYS 227b) and the second semester of Electricity, Magnetism and Electrodynamics (PHYS 229b). Of course, two physics electives are the minimum number of extra courses a student may take; they are free to choose (and many do) any of the following courses they are interested in:

PHYS 221: Classical and Modern Optics [3]

PHYS 227b: Intermediate Classical Mechanics (second semester) [3]

PHYS 229b: Electricity, Magnetism and Electrodynamics (second semester) [3]

PHYS 245: Computational Physics [3]

PHYS 251a-b: Introductory Quantum Mechanics [3+3]

PHYS 254: Physics of Condensed Matter [3]

PHYS 255: Introduction to Particle Physics [3]

An elaborate description of the courses is provided below:

PHYS 116a-b: General Physics. Designed primarily for engineering students with engineering examples. The topics include mechanics, heat, sound, electricity and magnetism, optics and modern physics. One three-hour laboratory session per week accompanies the course. Co-requisite: introductory calculus.

PHYS 117a-b: General Physics. Introduction to general physics and its applications. Mechanics, heat, sound, electricity and magnetism, optics and modern physics are also included. It is accompanied by one three-hour laboratory session per week. Co-requisite: introductory calculus.
PHYS121a-b: Principles of Physics. Designed for first-year students who plan to major in the department or in related disciplines. Dynamics, thermodynamics, electromagnetism, wave motion, optics, atomic and nuclear physics are included in this course. Co-requisite: Mathematics 150a-150b or higher numbered calculus course. Also included are three lectures and a one-hour discussion period on modern topics of interest, and a three-hour laboratory session per week.

PHYS 221: Classical and Modern Optics. Geometrical optics: reflection, refraction, ray tracing, aberrations and interference. Physical optics: wave theory, absorption, dispersion, diffraction and polarization. Properties of light from lasers and synchrotron sources; photodetectors; optical technology.

PHYS 223: Thermal and Statistical Physics. Temperature, work, heat and the first law of thermodynamics. Entropy and the second law of thermodynamics. Kinetic theory of gases with applications to ideal gases and electromagnetic radiation.

PHYS 225a-b: Introduction to Quantum Physics and Applications. A survey of modern physics and applications based on elementary quantum mechanics. 225a: Atomic and molecular structure, interaction of light with atoms and molecules, spectroscopy. 225b: Condensed-matter physics, biophysics, special theory of relativity, nuclear and particle physics. One three-hour laboratory session per week. Recommended: Mathematics 198.
PHYS 227a-b: Intermediate Classical Mechanics. Vector algebra and coordinate transformations; orbital and rotational angular momentum; gravitational and Coulomb central-force problems; free, forced, damped and nonlinear harmonic oscillations; chaos in simple mechanical systems, normal modes; rigid-body motion; special relativity. Prerequisite: Mathematics 170a-b or 175.

PHYS 229a-b: Electricity, Magnetism, and Electrodynamics. 229a: Electrostatic fields and potentials; Gauss's law; electrical properties of insulators, semiconductors and metals; the Lorenz force; magnetic fields and forces; electro-magnetic induction, Maxwell's equations and electromagnetic waves. 229b: Electromagnetic waves in dielectrics and conductors; electromagnetic radiation in wave-guide structures; relativistic electrodynamics; magnetism as a relativistic phenomenon. Prerequisite for 229a: three semesters of calculus; co-requisite for 229b: differential equations.
PHYS 245: Computational Physics. Programming techniques in physics suitable for personal computers: classical scattering, one-dimensional barrier tunneling, Laplace's equation, static and time-dependent Schrödinger's equation, hydrodynamics, and diffusion. Recommended: Computer Science 120.

PHYS 250a,b: Undergraduate Colloquium. Seminar presentations and discussion with attention to research topics of current interest.

PHYS 251a-b. Introductory Quantum Mechanics. 251a: Wave-particle duality, indeterminacy, superposition, the Schrödinger equation, angular momentum, the hydrogen atom and time-independent perturbation theory. 251b: Spin and indistinguishability, time-dependent perturbation theory, matrix theory, scattering, applications to atomic physics, condensed matter physics and astrophysics. Prerequisite: Physics 225a and 227a. Recommended: differential equations.

PHYS 254. Physics of Condensed Matter. Crystal structure and diffraction; phonons and lattice vibrations; free-electron theory of metals; elementary band theory of solids; semiconductors; optical properties of insulators; and applications to solid-state devices, magnetism and superconductivity. Prerequisite: Physics 223, 225a, and 227.

PHYS 255. Introduction to Particle Physics. Weak, strong and electromagnetic forces as evidenced by the interactions of elementary particles. Classification of particles and experimental techniques. Prerequisite: Physics 251.
A complete list of the physics courses offered at Vanderbilt University and their descriptions is available at http://www.vanderbilt.edu/catalogs/undergrad/physics.html. 

A background in mathematics is also expected for those who major in physics at Vanderbilt University. There are a few courses from the Mathematics department that are strongly recommended for physics majors. They are:

Introductory Calculus: (two possible tracks)

Standard Track [12]:

MATH 150a-b: First-year Calculus [3+3]

MATH 170a-b: Second-year Calculus [3+3]; or

Accelerated Track [11]:

MATH 155a-b: First-year Accelerated Calculus [4+4]

MATH 175: Second-year Accelerated Calculus [3]

Other Mathematics:
MATH 194: Methods of Linear Algebra [3]

MATH 198: Methods of Differential Equations [3]
The descriptions of the above listed courses are as follows:

MATH 150a-b. First-year Calculus. 150a: functions, limits, differentiation of algebraic functions, applications of differentiation, integration. 150b: differentiation and integration of transcendental functions, methods of integration.

MATH 155a-b. First-year Accelerated Calculus. 155a: functions, limits, differentiation of algebraic functions, integration, applications including extreme problems, areas, volumes, centroids and work. 155b: differentiation and integration of transcendental functions, applications, methods of integration, coordinate geometry, polar coordinates and infinite series.

MATH 170a-b. Second-year Calculus. Analytic geometry, polar coordinates, infinite series, vectors, parametric equations, vector analysis, partial differentiation and multiple integrals. Prerequisite for 170a: Mathematics 150b.

MATH 175. Second-year Accelerated Calculus. Indeterminate forms, solid analytic geometry, vectors in three spaces, partial derivatives, multiple integrals. Prerequisite: Mathematics 155b or equivalent.

MATH 194. Methods of Linear Algebra. Vectors and matrix operations. Linear transformations and fundamental properties of finite dimensional vector spaces. Numerical solutions of systems of linear equations. Eigenvalues and eigenvectors. Some basic elements of linear programming. Co-requisite: Mathematics 170b or 175.

MATH 198. Methods of Ordinary Differential Equations. Linear first-order differential equations, applications, higher order linear differential equations, complementary and particular solutions, applications, Laplace transformation methods, series solutions, numerical techniques. Prerequisite: Mathematics 170b or 175 or consent of department.

A complete list of the mathematics courses offered at Vanderbilt University and their descriptions is available at http://www.vanderbilt.edu/catalogs/undergrad/math.html.

3. 
Compatibility of TRIPOD with Vanderbilt’s physics curriculum
A.
Wentzel Lesson Plans
The lesson plans developed by Dr.Wentzel is the aspect of TRIPOD that has the highest likelihood of compatibility with Vanderbilt University’s physics curriculum.  Dr. Wentzel’s lesson plans called “Astrophysics for University Physics Courses” are a collection of astrophysics problems that vary in difficulty from relatively basic mechanics to high-energy astrophysics.  Most of the subjects covered in Dr. Wentzel’s lesson plans can be easily integrated into physics courses.  This is so because Dr. Wentzel uses physics in his lessons with astronomy-related examples, thus highlighting the relationship between physics subjects and astrophysical topics.  There are a few courses in which the Wentzel curriculum is well represented and some that have a small correlation with the curriculum; however, almost all of the lessons in the Wentzel curriculum have their places in the undergraduate physics curriculum at Vanderbilt University.

PHYS 121a: Since the main topics covered in this class are an introduction to classical mechanics and a brief introduction to relativity, the Wentzel lesson plans that can be incorporated are those that are of a lower level of difficulty and do not require much calculus.  Unit 1 (Wentzel, p. 9) of Wentzel’s lesson plans focuses on Keplar’s Third Law and the related mechanics. Keplar’s Third Law is not a topic that is covered extensively in PHYS 121a, but other topics in PHYS 121a could be adapted to work in concert with the theme of Keplar’s Third Law. Topics such as conservation of energy, conservation of angular momentum and studies of physical systems involving a centre of gravity and another body orbiting it.

Lessons 1.1, 1.3, and 1.7 deal specifically with Keplarian motion and movement of celestial bodies. These lessons could easily be example problems or practice problems for students when discussing Keplar’s Third Law. Lesson 1.2 is a perfect example for use while introducing students to conservation of energy and the resulting conservation equations. Lessons 1.5 and 1.6 are lessons that concern themselves with the role of gravity in the universe and how it shapes the objects in outer space. Lesson 1.5 also ties in nicely with Keplar’s Third Law to show how gravity is related to orbits and lesson 1.6 illustrates how knowledge of gravitational laws can lead to better knowledge of size of things in the universe.

PHYS 121b: The main topics covered in this class are electromagnetism and optics. There is a small number of the Wentzel lesson plans that deal with such topics. The topic of Unit 6 (Wentzel, p.79) is magnetic fields. Some of the lessons in this unit are too advanced for an introduction to electromagnetism, such as the one taught in PHYS 121b. The first couple of lessons are at an introductory level; the rest are covered in PHYS 229 a and b.  The problem in lesson 6.2 is based on solenoids and the Zeeman effect. The lesson compares a solenoid to sunspots and how they are quite similar in magnetic properties. Lesson 6.3 utilizes the physics concepts of conservation of magnetic and kinetic energies to illustrate how fast gas is expelled from the Sun in the form of solar flares or “coronal mass ejections (CME)”.

PHYS 223: Thermal and Statistical Physics covers a wide array of subject matter. There are many lessons in the Wentzel programme that could be placed into this subject area. This subject area could draw in lessons from Units 3, 4, and 5. Regarding Unit 3 (Wentzel, p. 43), the subject of statistical methods is addressed in lesson 3.2, which could help with an introduction to statistical physics. Concepts concerning the theories behind energy from an accretion disk are briefly discussed in lesson 3.3.

The topic of Unit 4 (Wentzel, p. 53) is "Thermal Radiation". Many of the lessons contained within Unit 4 would be appropriate for use in PHYS 223.  In lesson 4.1, the basic energy flux equation is introduced and the Stafan-Boltzman Law is mentioned.  Lesson 4.2 is more of a conceptual exercise: it uses thermal ideas like the Stafan-Boltzman law to interpret data from the Hertzsprung-Russell diagram.  Lesson 4.3 concerns luminosity from and the thermalization of a neutron star’s surface and uses Wien’s law as a means of finding the solution. Lesson 4.4 is another problem concerning Wien’s law.  Again, this problem is perfect for thermal physics because it also deals with the thermal interactions occurring in effects such as Bremsstrahlung.
Unit 5 (Wentzel, p. 61) is slightly different from the other units because the lessons in this unit are designed to be taught in sequence. Some of the topics in Unit 5 are covered in PHYS 225b, but, at Vanderbilt, 225b is usually taken prior to taking 223. Therefore, if the instructor prefers to teach all the Unit 5 lessons in sequence, it would probably present little difficulty. Lesson 5.2 starts off the unit with a problem about hydrostatic equilibrium and the isothermal atmosphere of a star. The problem compares our Sun to Betelgeuse and puts vast differences into perspective. Lesson 5.3 deals with the topic of  energy conservation in young stars (proto stars). This lesson is a very good example of how gravitational energy starts the stellar evolution process and how energy is released before nuclear fusion takes over. Lesson 5.5 has another example regarding hydrostatic equilibrium; however, this time referring to “one-step integration” in the problem solving process. In Wentzel’s “Astrophysics for University Physics Courses” it is stated that lesson 5.5 must be completed before lesson 5.7, which is a problem concerning radiation diffusion. In lesson 5.7, the student is asked to estimate the life of a star when given a steady rate of radiation using another one-step integration. Lesson 5.8 is next in the recommended sequence after 5.5 and 5.7.  In 5.8, one has to use the equation in 5.7 to derive the luminosity of a star in relation to its mass, with the problem utilizing the Thompson scattering cross- section to evaluate the luminosity.

PHYS 225a: Many of the topics covered in PHYS 223 could also be introduced in PHYS 225a.  The degree of overlap is subjective.  For instance, there is a brief mention of Bremsstrahlung in chapter 8 of the textbook used for 225 a and b: Kenneth Krane’s Modern Physics. It is a very short section, but it introduces the student to the general concept. Also, there is an introduction to statistical physics in chapter 10 of Modern Physics and blackbody radiation and the Compton effect are introduced in chapter 3. It would depend on the Professor to decide whether or not to lecture on astrophysical topics in a class such as 225a when the main focus is broken up into an introduction of many kinds of modern physics. The lessons that could be introduced would be 4.1, 4.2, 4.3, 4.4, in essence, all of Unit 4 (Wentzel, p. 53), but only on a very introductory basis.

PHYS 225b: The topics in 225b that work well with the Wentzel plans are nuclear fusion and the physics of how White Dwarf stars live their doomed lives. Lesson 5.4 is an application of the different fusion processes observed in our Sun. The proton-proton chain illustrates how fusion converts an enormous amount of matter into energy. Lesson 5.6 uses White Dwarf stars as a venue to introduce the Fermi Gas and show that the mass of a White Dwarf cannot pass the Chandrasekhar Limit.

PHYS 227a: Since 227a is the first semester of a course purely focused on classical mechanics, it would make sense that the slightly more advanced concepts of motion and gravitation would be covered here. Lesson 2.1 is effective at relating gravity and escape velocity, since it refers to the asteroid Icarus and what the escape velocity of a similar asteroid would be. Lesson 2.2 is about a question on reference frames and prediction of new orbits from other perspectives. Lesson 3.5 attempts to give a better notion to students of the “dark matter” problem by having them calculate the mass of a cluster of galaxies based on the kinetic energy assumed for, by comparing it to what it should be. This lesson 3.5 addresses a problem that many astrophysicists face today.

PHYS 227b: All of the lessons that would fit well into this course deal with concepts of collisions and kinetic energy and one lesson concerning moment of inertia. The subject matter in this course goes deep into these subjects. The topic in lesson 2.3 is that of satellites and whether or not they could withstand the impact of a grain of dust. This is a very appropriate question for astrophysicists because satellites cost a great deal of money and it would not be very cost-effective if the passing dust would disable them. Lesson 2.4 is a conceptual discussion on the amount of energy that would be released from an asteroid impact on Earth, it thus raises a very pertinent question. Lesson 2.5 takes on kinetic theory. This lesson discusses collision cross-sections and the mean free path to understand the likelihood of an Earth-orbit crossing asteroid colliding with the Earth. Lesson 3.4 uses the pulsar at the centre of the Crab Nebula to show how pulsars eventually slow down, and the rotational energy depletion.
PHYS 229a: This course picks up where 121b leaves off and goes into more detail about magnetism, with a much greater emphasis on higher level calculus. Lesson 6.4 presents a problem concerning how the Earth’s magnetosphere protects all the living creatures on the Earth from harmful solar radiation.  The question that the problem wants the student to solve is exactly how far out the magnetosphere extends to protect us. Lesson 6.5 asks the student to find the density of H particles inside a sunspot using principles of magnetic pressure. 

PHYS 229b: There is only one lesson plan that fits into the framework of this course from Unit 6. It is a lesson that has its focus on Faraday’s law of induction. Lesson 6.6 focuses on what would happen when the Sun shrinks to the size of a White Dwarf and how that would affect its magnetic field.

Unit 7 (Wentzel, p. 91) is filled with lessons that have to deal with electromagnetic radiation so naturally, that they would be placed in the sections of PHYS 229b having to do with the same subject matter.  Lesson 7.2 is a problem that combines special relativity with electromagnetic radiation.  The student is asked to find the energy of the x-rays emitting from the Crab Nebula; Lorentz transformations are used in this problem. Lesson 7.3 is merely an extension of the material covered in lesson 7.2, but this time the student is computing the time scale and verifying whether certain electrons seen emitting from the Crab Nebula could have been there since the supernova that created the nebula. Lesson 7.5 concerns low-frequency magnetic “dipole” radiation. Again, the problem involves the pulsar in the Crab Nebula.

PHYS 251a: Lesson 7.4 in PHYS 229b is not included since the material seems to be a little more related to quantum mechanics, but it could be included in either course. Lesson 7.4 introduces the concept of Inverse Compton Radiation. In the problem, electrons are IC-boosted and then the student is asked to find the energy of the gamma rays emitted from the quasar 3C279.

As one could see, every lesson from Astrophysics for University Physics Courses can be placed easily into an established physics curriculum such as the one at Vanderbilt University. Dr. Wentzel created a very thoughtful outset of lesson plans that uses every major field of physics to discuss astrophysical topics. 

B.
Hands-On Astrophysics
Another part of the TRIPOD is the educational materials and observational programme developed by the American Association of Variable Star Observers (AAVSO) called Hands-On Astrophysics (HOA).  The lesson plans from the AAVSO take the form of a comprehensive course in basic astronomy knowledge coupled with material to familiarize the students with the properties of variable stars and methods to observe them and analyze the data obtained from the observations. The information contained in the HOA packet is very comprehensive and addresses many areas of astronomy.  One area that the HOA programme addresses very well is the need to correct common misconceptions in astronomy that may have developed throughout a person’s life and primary education.  

Although, given the nature of the HOA programme, it appears as if the material is structured in a way that would require the creation of a new course solely dedicated to the material contained in HOA and the creation of an observational lab section to facilitate the actual observing that is part of the HOA;  however, there are a few sections of HOA that could be placed in a physics curriculum such as the one at Vanderbilt. Following are a few examples:
PHYS 121a: In Chapter 8 (HOA, p. 123), there is a brief introduction to Keplar's Laws. Also, throughout the HOA material, there are brief lessons on significant figures and how to take precise measurements.

PHYS 121b: Also in Chapter 8, some very basic concepts and properties of light are introduced.  The equations for frequency and energy of light are well stated and clearly explained.  There are also explanations for how a prism breaks light into its constituent parts. The inverse square law is introduced with explanations of how it applies to light in space.

PHYS 225a/PHYS 223: In Chapter 9 (HOA, p. 142), there is a section on Planck’s Law and the Stefan-Boltzmann Law and how each Law is of tremendous use to astronomers and astrophysicists.

As one could see, the topics are few and give more conceptual knowledge rather than knowledge by calculation. Thus, brief introductions rather than complicated subjects are preferred in introductory physics courses.

4. 
Conclusion

Dr. Wentzel’s lesson plans from Astrophysics for University Physics Courses fit well into the physics curriculum at Vanderbilt University.  Every single one of the lesson plans developed by Dr. Wentzel could be placed into a physics course of some sort, without any need for special demonstrations and without forcing other important material out of the curriculum. The Hands-On Astrophysics programme is a useful educational tool; however, it does not have many parts in it that could be taken out individually and placed into a physics curriculum. Everything in HOA is oriented toward variable stars and analysis of the data from observations of the variable stars; nevertheless, the few parts that could be extracted and placed into the curriculum represent very important subjects in physics.

The introduction of educational programmes into a physics curriculum could open the door to endless possibilities for students. It allows students to experience a whole new side of physics that they never knew existed. This new exposure may convince students to pursue a career in astrophysics and in turn spread knowledge of astronomy and astrophysics to the next generation of physics students and so on down the line.
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