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Elements of a Graduate Education
l course work = foundations
l research = exploration è new knowledge
l teaching experience & mentoring opportunities
l thesis definition and planning
l oral and written presentation 
l skills development,  e.g.

l analysis methods and techniques
l programming  / instrumentation / observing
l project proposing / organization / management

l thesis completion



Curriculum



l Ay 121. Radiative Processes. 9 units (3-0-6); first term. Prerequisite: Ph106bc, Ph 125 or equivalent (undergraduates). The 
interaction of radiation with matter: radiative transfer, emission, and absorption. Compton processes, coherent emission processes, 
synchrotron radiation, collisional excitation, spectroscopy of atoms and molecules

l Ay 122 abc. Astronomical Measurements and Instrumentation. 9 units (3-0-6); first term (a), second term (b). Prerequisites: Ph
106bc or equivalent. Measurement and signal analysis techniques througout the electromagnetic spectrum. Courses may include lab 
work and field trips to Caltech observatories. Ay 122a concentrates on infrared, optical, and ultraviolet techniques: telescopes, optics, 
detectors, photometry, spectroscopy, active/adaptive optics, coronography. Imaging devices and image processing. Ay 122b 
concentrates on radio through submillimeter techniques: antennae, receivers, mixers, and amplifiers. Interferometers and aperture 
synthesis arrays. Signal analysis techniques and probability and statistics, as relevant to astronomical measurement. Ay 122c (not 
offered) concentrates on X-ray through gamma-ray techniques. 

l Ay 123. Structure and Evolution of Stars. 9 units (3-0-6); second term. Prerequisites: Ay 101; Ph 125 or equivalent 
(undergraduates). Thermodynamics, equation of state, convection, opacity, radiative transfer, stellar atmospheres, nuclear reactions, 
and stellar models. Evolution of low- and high-mass stars, supernovae, and binary stars.

l Ay 124. Structure and Dynamics of Galaxies. 9 units (3-0-6); second term. Prerequisites: Ay 21; Ph 106 or equivalent 
(undergraduates). Stellar dynamics and properties of galaxies; kinematics and dynamics of our galaxy; spiral structure; stellar 
composition, masses, and rotation of external galaxies; star clusters; galactic evolution; binaries, groups, and clusters of galaxies. 

l Ay 125. High-Energy Astrophysics. 9 units (3-0-6); third term. Prerequisites: Ph 106 and Ph 125 or equivalent 
(undergraduates). High-energy astrophysics, the final stages of stellar evolution; supernovae, binary stars, accretion disks, pulsars; 
extragalactic radio sources; active galactic nuclei; black holes. 

l Ay 126. Interstellar and Intergalactic Medium. 9 units (3-0-6); third term. Prerequisite: Ay 102 (undergraduates). Physical processes 
in the interstellar medium. Ionization, thermal and dynamic balance of interstellar medium, molecular clouds, hydrodynamics, magnetic 
fields, H II regions, supernova remnants, star formation, global structure of interstellar medium. 

l Ay 127. Cosmology and Galaxy Formation. 9 units (3-0-6); first term. Prerequisites: Ay 21; Ph 106 or equivalent 
(undergraduates). Cosmology; extragalactic distance determinations; relativistic cosmological models; galaxy formation and clustering; 
thermal history of the universe, microwave background; nucleosynthesis; cosmological tests.

Astrophysics Core Program



Curriculum



Electives Program 



l Ay 141 abc. Research Conference in Astronomy. 2 units (1-0-1); first, second, third terms. Oral 
reports on current research in astronomy, providing students an opportunity for practice in the 
organization and presentation of technical material. A minimum of two presentations will be expected 
from each student each year. In addition, students are encouraged to participate in a public-level 
representation of the same material for posting to an outreach website. This course fulfills the option 
communication requirement and is required of all astronomy graduate students who have passed their 
preliminary exams. It is also recommended for astronomy seniors. Graded pass/fail. 

l Ay 142. Research in Astronomy and Astrophysics. Units in accordance with work 
accomplished. The student should consult a member of the department and have a definite program 
of research outlined. Approval by the student’s adviser must be obtained before registering. 36 units 
of Ay 142 or Ay 143 required for candidacy for graduate students. Graded pass/fail.

l Ay 143. Reading and Independent Study. Units in accordance with work accomplished. The student 
should consult a member of the department and have a definite program of reading and independent 
study outlined. Approval by the student’s adviser must be obtained before registering. 36 units of Ay 
142 or Ay 143 required for candidacy for graduate students. Graded pass/fail.

Reading / Speaking / Researching









Ay 111 ab. Introduction to Current Astrophysics Research. 3 units; first 
and second terms. This course is intended primarily for first-year Ay 
graduate students, although participation is open and encouraged. Students 
are required to attend seminar-style lectures given by astrophysics faculty 
members, describing their research, to attend the weekly astronomy 
colloquia, and to follow these with additional readings on the subject. At the 
end of each term, students are required to summarize in oral or written form 
(at the discretion of the instructor), one of the covered subjects that is of 
most interest to them.



Checkpoint #1: Qualifying Exam



Checkpoint #2: Candidacy Exam



Checkpoint #3: Thesis Defense



Teaching



Undergrad Courses you may TA



Typical Timeline
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