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ASTROPHYSICAL JETSAND BEAMS

Astrophysical jets are spectacular displays of gas or dust ejected from a range of cosmic

bodies; they are seemingly ubiquitous on scales from comets to black holes. This vol-

ume reviews our understanding of jet processes and provides a modern guide to their

observations and the role they play in many long-standing problems in astrophysics. It

covers the major discoveries in gamma-ray bursts, solar and stellar jets and cometary

jets. Specific physical processes for all classes of jet are illustrated and discussed in

depth, as a backdrop to explaining spectacular jet images. Current jet models raise as

many issues as they solve, so the final chapter looks at the new questions to be answered.

Written at an entry level for postgraduate students, this volume incorporates intro-

ductions to all the governing physics, providing a comprehensive and insightful guide

to the study of jets for researchers across all branches of astrophysics.

Michael D. Smith was awarded his Ph.D. in astrophysics by the University of

Oxford in 1979. He is now the Director of the Centre for Astrophysics and Planetary

Science, Director of the Kent Space School, Director of Research for SEPnet (South-

East Physics Network), and holds the posts of Director of Graduate Studies and Sub-

Dean in the Faculty of Sciences at the University of Kent. He is a member of the

International Astronomical Union and a Fellow of the Royal Astronomical Society.
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Preface

Jets are amongst the most mysterious phenomena to be discovered in modern astronomy.

They are able to form and propagate under almost all conditions associated with a vast

range of astrophysical objects. This book is concerned with all the diverse jets which have

so far been found beyond our own planet. It will be seen that our universe is replete with jets

because they act as essential outlets or valves for regulating the birth and early development

of discrete objects and their extended environments.

The purpose here is to assimilate all we know from the different disciplines in which

they are encountered. I cannot try to review radio galaxies, star formation, comets or

planetary nebula, but only the parts in which jets are essential to their understanding. We

thus learn about the driving mechanisms involved and their consequent impact, and so learn

to appreciate the diversity. The idea is to accumulate, perhaps possible for the last time, all

the material which relates to the phenomenom referred to as jets. Hence this is not a series

of reviews but a gathering of essential knowledge. And, consequently, by establishing their

common properties, this book hopes to represent a turning point in what we have come to

understood as jets and what we will go on to discover.

It will be attempted to make this book self-contained with a modicum of required knowl-

edge. It should serve as a timely introduction for astronomy students who seek to develop

a broad approach to understand the ‘bigger picture’. On the other hand, the theoretician

may relish the range of phenomena which depend upon supersonic flow and shock waves

for their explanation. In my early career, my research focused on the extragalactic variety

before veering towards the emanations from young stars and protostars. In this time, the

astrophysical jet has seen only rare complete reviews. It has been twenty years since the

last comprehensive jet book and the subject has moved on. Even in the last five years, since

this book was started, tremendous progress has been witnessed with wide-field astronomy,

serendipitous discovery and space rendevous providing new types of jet with data that often

contradict our preconceptions and challenge our conceptual skills.

What knowledge is essential to understand jets? It would be inexcusably naive to suggest

that just a few physical processes lie at the heart of the matter. We will have to become

familiar with a number of launching configurations, radiation mechanisms and observing

techniques. Yet, there are common threads to bind the book’s material: above all, gas

dynamics – especially the behaviour of gas accelerated from low speed to high speed. A

second strand is the cause of the containment or collimation of this flow. Thirdly, the impact

as the high-speed jet is disrupted or abruptly terminated. These flows invariably involve

shock waves, the sudden transitions within a jet driven up to supersonic speeds. Hence,

xi
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xii Preface

some general insight into fluid flow or magnetohydrodynamics is an advantage, while some

understanding of the underlying equations must be developed as our intuitive understanding

of flow patterns becomes insufficient.

I have taken pains to ensure that this book contains a useful guide to the literature by

including a sensible proportion of citations to research papers. However, it is not a reference

book and many authors in the field will be disappointed to find that their names and their

pet jets are not directly linked. My apologies. My hope is that the papers which are cited

can be consulted not as the authority, but as apt starting points for forward and backward

panning through the archives. Without this strategy, the task of presenting a concept such

as the astrophysical jet within one medium-sized book would be unwieldy.

The Astronomical Journal, Astronomy & Astrophysics, the Astrophysical Journal and

Monthly Notices are the four time capsules supporting the cornerstones of this work. It

would, in addition, take a separate volume to thank the individuals who have contributed

to the knowledge within. I will therefore limit myself to thanking all my colleagues in the

School of Physical Sciences and all my collaborators in the jet set. The work of several

communities of jet setters is embodied here; all I have done is to take their treasures and,

hopefully, reveal them. However, there remains one treasure more mysterious and alluring –

still as true as in 1979, for inspiration I thank Daniela Rohr.
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