Study Guide for the Final Exam Physics 681
Solar Physics and Instrumentation

The examination will be based on four selected chapters of Michael Stix “The Sun” (Springer Verlag). It is more important to gain an overall understanding of Solar Physics and Instrumentation rather than focusing on narrowly defined problems. However, your answer to a comprehensive question has to be based on a thorough understanding of the underlying theory (I am expecting you to use mathematical formulae whenever appropriate). In the following, I provide some typical questions and themes that should help you in the preparation for the final exam on December 8, 2005. If you have any further questions, please contact me by e-mail (cdenker@adm.njit.edu).
1. Chapter 2: Internal Structure

a. Explain the temporal evolution of the Sun from the pre-main-sequence stage to today’s Sun and beyond (ZAMS, Hayashi line, Jeans criterion, Kelvin-Helmholtz time, virial theorem).

b. Describe the Hertzsprung-Russel Diagram (HRD) in terms of observational and theoretical quantities. You have to know the order of magnitude ranges for all physical parameters in the HRD.
c. How do we obtain the standard model of the Sun? (conservations laws, energy transport, chemical composition, equation of state, entropy, energy sources, pp-chain, CNO cycle, opacity, Saha equation, Boltzmann distribution, Planck’s law)
2. Chapter 3: Tools for Solar Observations

a. What is seeing? How does it affect observations? How can we obtain diffraction-limited observations?

b. What do you have to consider in the design of a solar telescope? (optical aberrations, refractive vs. reflective optics, focal length, scattered light, instrument seeing, site selection, active and adaptive optics, post-focus instruments, scientific objectives (e.g., corona vs. high-spatial resolution))
c. Propose a scientific instrument to measure solar magnetic fields in (a) the photosphere, (b) the chromosphere, and (c) the corona. This includes a discussion of the theory of polarized light (Stokes vector, Unno’s equations, and transfer of polarized polarization).
3. Chapter 6: Convection
a. Describe the different scales of convection including their physical parameters such as velocity, size scale and life time.

b. List the different energy transport mechanism on the Sun. Where on the Sun do they play a role (Schwarzschild criterion, convective overshoot)?
c. What are the basic ingredients of a model of solar granulation (equation of continuity and motion)?

d. Explain the process of line formation (convective blueshift, limb effect, line asymmetry).

4. Chapter 9: Chromosphere, Corona, and Solar Wind
a. The Sun in Ca II K including line formation and emission reversal.
b. How can we determine the temperature in the transition region?
c. What are the sources of the solar wind? Provide observational evidence for the solar wind.
d. Describe the scenario of a two-ribbon flare with a filament eruption and a subsequent coronal mass ejection. 
