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As a student at New Jersey Institute of Technology, I will conduct myself in a professional manner and will comply with the provisions of the NJIT Academic Honor Code. On my honor, I pledge that I have not violated the provisions of the NJIT Academic Honor Code.
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Closed book exam! Calculators are allowed but not required. The exam consist of two parts (I) Solar Physics Theory and (II) Solar Instrumentation. Both parts contribute equally to the final grade of the exam. The total number of points is 100 and the grading of the PHYS 681 syllabus applies for the conversion to letter grades. You can choose one and only one topic (A or B) from the Theory Section (I)! The Instrumentation Section (II) is mandatory! Please make sure that you explain the underlying theory whenever possible and use the appropriate equations to describe the physics. Keywords have been added to each topic to guide your answers.
Good Luck!

I. Solar Physics Theory (50%)

A. Hertzsprung-Russel Diagram (HRD)
a. Describe the HRD in terms of observational and theoretical quantities. Provide a one-page sketch, which includes all quantities including their range in orders of magnitude relative to the Sun. 
b. Discuss the evolutionary track of the Sun (“from birth to death”).
c. What is the energy source of main-sequence stars? Is it the same mechanism across the entire main-sequence?
d. How did the Sun loose most of its angular momentum?
Keywords: luminosity, temperature, radius, mass, age, ZAMS, Hayashi line, Jeans criterion, Kelvin-Helmholtz time, virial theorem, pp-chain, CNO cycle, magnetic breaking
B. Solar Convection

a. Describe the different scales of convection.  Are these scale associated with other solar phenomena?
b. List the different energy transport mechanism on the Sun. Where on the Sun do they play a role? Why and where does convection occur? Compare today’s Sun with the Sun when it just arrived on the main-sequence.
c. Spectral lines are formed in the solar atmosphere. What information about convection can we extract from a spectral line profile? 

d. What are the sources of the solar wind and how are they related to solar convection? Provide observational evidence for the solar wind.
Keywords: horizontal and line-of-sight velocities, size, life time, Schwarzschild criterion, convective overshoot, line formation, convective blue-shift, limb effect, line asymmetry

II. Solar Instrumentation (50%)

In recent years Solar Physics has seen major efforts to go beyond today’s 1-meter-class optical telescopes. These efforts include the German 1.5-meter GREGOR, the 1.6-meter New Solar Telescope at Big Bear Solar Observatory, and the Advanced Technology Solar Telescope (ATST) under the stewardship of the National Solar Observatory. The following assignment focuses on the ATST and a tri-fold booklet has been enclosed as a reference.

a. What is the scientific motivation to build large-aperture solar telescope?

b. What do you have to consider in the design of a solar telescope?

c. Discuss the technological breakthroughs that make these projects feasible.
d. What is seeing? How does it affect observations? How can we obtain diffraction-limited observations?

Keywords: optical aberrations, refractive vs. reflective optics, focal length, modulation transfer function, scattered light, instrument seeing, site selection, active and adaptive optics, post-focus instruments, polarimetry
