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Preface

Astronomical science advances use the following research cycle: measure parts
of the universe, develop theories to explain the observations, use these new
theories to forecast or predict observations, build new telescopes and instruments,
measure again, refine the theories if needed, and repeat the process. Critical to
the success of this cycle are new observations, which often require new, more
sensitive, efficient astronomical telescopes and instruments.

Currently, the field of astronomy is undergoing a revolution. Several new
important optical/infrared windows into the universe are opening as a result of
advances in optics technology, including systems using high angular resolution,
very high dynamic range, and highly precise velocity and position measurements.
High-angular-resolution systems, which incorporate adaptive optics and
interferometry, promise gains of more than 10* in angular resolution on the sky
above our current capabilities. Advanced coronagraphs enable very high-
dynamic-range systems that enable astronomers to image an exoplanet in the
presence of the blinding glare from its parent star that is more than 10" times
brighter.

Optical science is the study of the generation, propagation, control, and
measurement of optical radiation. The optical region of the spectrum is
considered to range across the wavelength region of ~0.3 to ~50 um, or from the
UV through the visual and into the far infrared. Different sensors or detectors are
used for covering sections of this broad spectral region. However, the analysis
tools required to design, build, align, test, and characterize these optical systems
are common: geometrical raytracing, wavefront aberration theory, diffraction
theory, polarization, partial coherence theory, radiometry, and digital image
restoration. Advances in allied disciplines such as material science, thermal
engineering, structures, dynamics, control theory, and modeling within the
framework of the tolerances imposed by optics are essential for the next
generation of telescopes.

This text provides the background in optics to give the reader insight into the
way in which these new optical systems are designed, engineered, and built. The
book is intended for astronomy and engineering students who want a basic
understanding of optical system engineering as it is applied to telescopes and
instruments for astronomical research in the areas of astrophysics, astrometry,
exoplanet characterization, and planetary science. Giant ground-based optical
telescopes such as the Giant Segmented Mirror Telescope, the Thirty Meter
Telescope, and the Extremely Large Telescope are currently under development.

Xvii



xviii Preface

The James Webb Space Telescope is under construction, and the Space
Interferometer Mission has successfully completed its technology program. The
astronomical sciences are, indeed, at the threshold of many new discoveries.

Chapter 1 provides an historical perspective on the development of
telescopes and their impact on our understanding of the universe. Chapter 2
reviews the optical measurements astronomers record and identifies the attributes
for ground and space observatories. Chapter 3 provides the tools used for
obtaining image location, size, and orientation and presents the geometrical
constraints that need to be followed to maximize the amount of radiation passed
by the system. Chapter 4 presents geometrical aberration theory and introduces
the subject of image quality. Chapter 5 provides methods to maximize the
amount of radiation passing through the optical system: transmittance,
throughput, scattered light, and vignetting. Chapter 6 provides a basic
introduction to radiative transfer through an optical system and identifies several
factors needed to maximize the signal-to-noise ratio. Chapter 7 provides an
introduction to the optics of the atmosphere necessary for ground-based
astronomers. Chapter 8 introduces the scalar and vector wave theories of light
and identifies sources of instrumental polarization that will affect the quality of
astronomical data.

Using the Fourier transform, Chapter 9 provides an in-depth analysis of the
propagation of scalar waves through an optical system as the basis of a
discussion on the effects of astronomical telescopes and instruments on image
quality. Chapter 10 provides a discussion of interferometry within the framework
of partial coherence theory. The Fourier transform spectrometer, the Michelson
stellar interferometer, and the rotational shear interferometer are used as
examples and are analyzed in detail. Chapter 11, coauthored with Siddarayappa
Bikkannavar, discusses the important new role that optical metrology and
wavefront sensing and control play in the design and construction of very large
ground- and space-based telescopes.

These 11 chapters have formed the basis of the Optical System Engineering
class given by the author at CALTECH. Chapter 12 provides an analysis that is
fundamental to the understanding of segmented-aperture telescopes and how they
enable the next-generation, very large ground- and space-based telescopes.
Chapter 13 presents an analysis of sparse-aperture telescopes, describes how they
are used for extremely high angular resolution, and identifies their limitations.
Chapter 14 discusses astrometric and imaging interferometry within the
framework of basic optics. Chapter 15 develops basic concepts for extreme-
contrast systems such as coronagraphs for the characterization of exoplanet
systems.

James B. Breckinridge
Pasadena, California
May 2012
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