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Introduction To Space Dynamics Solutions
This book offers a unified presentation that does not discriminate between
atmospheric and space flight. It demonstrates that the two disciplines have
evolved from the same set of physical principles and introduces a broad range of
critical concepts in an accessible, yet mathematically rigorous presentation. The
book presents many MATLAB and Simulink-based numerical examples and realworld simulations. Replete with illustrations, end-of-chapter exercises, and
selected solutions, the work is primarily useful as a textbook for advanced
undergraduate and beginning graduate-level students.
This book is an up-to-date compendium on spacecraft attitude and orbit control
(AOC) that offers a systematic and complete treatment of the subject with the aim
of imparting the theoretical and practical knowledge that is required by designers,
engineers, and researchers. After an introduction on the kinematics of the flexible
and agile space vehicles, the modern architecture and functions of an AOC
system are described and the main AOC modes reviewed with possible design
solutions and examples. The dynamics of the flexible body in space are then
considered using an original Lagrangian approach suitable for the control
applications of large space flexible structures. Subsequent chapters address
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optimal control theory, attitude control methods, and orbit control applications,
including the optimal orbital transfer with finite and infinite thrust. The theory is
integrated with a description of current propulsion systems, with the focus
especially on the new electric propulsion systems and state of the art sensors
and actuators.
Foundations of Space Dynamics offers an authoritative text that combines a
comprehensive review of both orbital mechanics and dynamics. The author—a
noted expert on the topic—covers up-to-date topics including: orbital
perturbations, Lambert's transfer, formation flying, and gravity-gradient
stabilization. The text provides an introduction to space dynamics in its entirety,
including important analytical derivations and practical space flight examples.
Written in an accessible and concise style, Foundations of Space Dynamics
highlights analytical development and rigor, rather than numerical solutions via
ready-made computer codes. To enhance learning, the book is filled with helpful
tables, figures, exercises, and solved examples. This important book: Covers
space dynamics with a systematic and comprehensive approach Designed to be
a practical text filled with real-world examples Contains information on the most
current applications Includes up-to-date topics from orbital perturbations to
gravity-gradient stabilization Offers a deep understanding of space dynamics
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often lacking in other textbooks Written for undergraduate and graduate students
and professionals in aerospace engineering, Foundations of Space Dynamics
offers an introduction to the most current information on orbital mechanics and
dynamics.
Orbital mechanics is a cornerstone subject for aerospace engineering students.
Maintaining the focus of the first edition, the author provides the foundation
needed to understand the subject and proceed to advanced topics. Starting with
the solution of the two-body problem and formulas for the different kinds of orbits,
the text moves on to Kepler's equations, orbits in three dimensions, orbital
elements from observations, orbital maneuvers, orbital rendezvous and
interplanetary missions. This is followed by an introduction to spacecraft
dynamics and a final chapter on basic rocket dynamics. The author's teach-byexample approach emphasizes the analytical procedures and computerimplemented algorithms required by today's students. There are a large number
of worked examples, illustrations, end of chapter exercises (with answers) as well
as many MATLAB® programs for use in homework and projects. The text can be
used for one and two semester courses in space mechanics. * A new section on
numerical integration methods applicable to space mechanics problems * A more
centralized and improved discussion of coordinate systems and Euler angle
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sequences * An expanded development of relative motion in orbit * A new section
on quaternions * New worked-out examples, illustrations and homework
problems * New algorithms, MATLAB® scripts and simulations * Instructor's
manual and lecture slides available online * Included online testing and
assessment component helps students assess their knowledge of the topics
This is an essential book for students and academicians alike. In addition to
discussing theory, topics include the connection between stresses and strains in
an isotropic elastic body, the geometry of strain, and much more. Deductions are
explained in the simplest, most intuitive manner for wide accessibility. 1953
edition.
Computational Fluid Dynamics: An Introduction grew out of a von Karman
Institute (VKI) Lecture Series by the same title ?rst presented in 1985 and
repeated with modi?cations every year since that time. The objective, then and
now, was to present the subject of computational ?uid dynamics (CFD) to an
audience unfamiliar with all but the most basic numerical techniques and to do so
in such a way that the practical application of CFD would become clear to
everyone. A second edition appeared in 1995 with updates to all the chapters
and when that printing came to an end, the publisher requested that the editor
and authors consider the preparation of a third edition. Happily, the authors
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received the request with enthusiasm. The third edition has the goal of presenting
additional updates and clari?cations while preserving the introductory nature of
the material. The book is divided into three parts. John Anderson lays out the
subject in Part I by ?rst describing the governing equations of ?uid dynamics,
concentrating on their mathematical properties which contain the keys to the
choice of the numerical approach. Methods of discretizing the equations are
discussed and transformation techniques and grids are presented. Two examples
of numerical methods close out this part of the book: source and vortex panel
methods and the explicit method. Part II is devoted to four self-contained
chapters on more advanced material. Roger Grundmann treats the boundary
layer equations and methods of solution.
Introduction to Space DynamicsCourier Corporation
Elementary, yet authoritative and scholarly, this book offers an excellent brief
introduction to the classical theory of differential geometry. It is aimed at advanced
undergraduate and graduate students who will find it not only highly readable but
replete with illustrations carefully selected to help stimulate the student's visual
understanding of geometry. The text features an abundance of problems, most of which
are simple enough for class use, and often convey an interesting geometrical fact. A
selection of more difficult problems has been included to challenge the ambitious
Page 5/19

Online Library Introduction To Space Dynamics Solutions
student. Written by a noted mathematician and historian of mathematics, this volume
presents the fundamental conceptions of the theory of curves and surfaces and applies
them to a number of examples. Dr. Struik has enhanced the treatment with copious
historical, biographical, and bibliographical references that place the theory in context
and encourage the student to consult original sources and discover additional important
ideas there. For this second edition, Professor Struik made some corrections and
added an appendix with a sketch of the application of Cartan's method of Pfaffians to
curve and surface theory. The result was to further increase the merit of this
stimulating, thought-provoking text — ideal for classroom use, but also perfectly suited
for self-study. In this attractive, inexpensive paperback edition, it belongs in the library
of any mathematician or student of mathematics interested in differential geometry.
This volume presents the proceedings of the seventh annual Robotics: Science and
Systems conference, held in 2011 at the University of Southern California. spans a
wide spectrum of robotics, bringing together researchers working on the algorithmic or
mathematical foundations of robotics, ED by Durrant-Whyte CEO of ICT Australia.
This four-volume set (CCIS 643, 644, 645, 646) constitutes the refereed proceedings of
the 16th Asia Simulation Conference and the First Autumn Simulation MultiConference, AsiaSim / SCS AutumnSim 2016, held in Beijing, China, in October 2016.
The 265 revised full papers presented were carefully reviewed and selected from 651
submissions. The papers in this first volume of the set are organized in topical sections
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on modeling and simulation theory and methodology; model engineering for system of
systems; high performance computing and simulation; modeling and simulation for
smart city.
Introduction to state-space methods covers feedback control; state-space
representation of dynamic systems and dynamics of linear systems; frequency-domain
analysis; controllability and observability; shaping the dynamic response; more. 1986
edition.
Hamilton-Jacobi Equation: A Global Approach
The basic and characteristic properties of linear differential operators are explored in
this graduate-level text. No specific knowledge beyond the usual introductory courses is
necessary. Includes 350 problems and solution.
Proceedings of the International Workshop, Delhi, India, November 14-16, 1985
Roger D. Werking Head, Attitude Determination and Control Section National Aeronautics and
Space Administration/ Goddard Space Flight Center Extensiye work has been done for many
years in the areas of attitude determination, attitude prediction, and attitude control. During this
time, it has been difficult to obtain reference material that provided a comprehensive overview
of attitude support activities. This lack of reference material has made it difficult for those not
intimately involved in attitude functions to become acquainted with the ideas and activities
which are essential to understanding the various aspects of spacecraft attitude support. As a
result, I felt the need for a document which could be used by a variety of persons to obtain an
understanding of the work which has been done in support of spacecraft attitude objectives. It
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is believed that this book, prepared by the Computer Sciences Corporation under the able
direction of Dr. James Wertz, provides this type of reference. This book can serve as a
reference for individuals involved in mission planning, attitude determination, and attitude
dynamics; an introductory textbook for stu dents and professionals starting in this field; an
information source for experimen ters or others involved in spacecraft-related work who need
information on spacecraft orientation and how it is determined, but who have neither the time
nor the resources to pursue the varied literature on this subject; and a tool for encouraging
those who could expand this discipline to do so, because much remains to be done to satisfy
future needs.
Aeroelastic and structural dynamic phenomena play an important role in many facets of
engineering. In particular, an understanding of these disciplines is essential to the design of
aircraft and space vehicles. This text provides an introduction to structural dynamics and
aeroelasticity, with an emphasis on conventional aircraft. The primary areas considered are
structural dynamics, static aeroelasticity, and dynamic aeroelasticity. The structural dynamics
material emphasizes vibration, the modal representation, and dynamic response. Aeroelastic
phenomena discussed include divergence, aileron reversal, airload redistribution, unsteady
aerodynamics, flutter, and elastic tailoring. Both exact and approximate solution methodologies
are stressed. More than one hundred illustrations and tables help clarify the text, while
upwards of fifty problems enhance student learning.
Papers from a flagship conference reflect the latest developments in the field, including work in
such rapidly advancing areas as human-robot interaction and formal methods. Robotics:
Science and Systems VIII spans a wide spectrum of robotics, bringing together contributions
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from researchers working on the mathematical foundations of robotics, robotics applications,
and analysis of robotics systems. This volume presents the proceedings of the eighth annual
Robotics: Science and Systems (RSS) conference, held in July 2012 at the University of
Sydney. The contributions reflect the exciting diversity of the field, presenting the best, the
newest, and the most challenging work on such topics as mechanisms, kinematics, dynamics
and control, human-robot interaction and human-centered systems, distributed systems,
mobile systems and mobility, manipulation, field robotics, medical robotics, biological robotics,
robot perception, and estimation and learning in robotic systems. The conference and its
proceedings reflect not only the tremendous growth of robotics as a discipline but also the
desire in the robotics community for a flagship event at which the best of the research in the
field can be presented.
From theory and fundamentals to the latest advances in computational and experimental
modal analysis, this is the definitive, updated reference on structural dynamics. This edition
updates Professor Craig's classic introduction to structural dynamics, which has been an
invaluable resource for practicing engineers and a textbook for undergraduate and graduate
courses in vibrations and/or structural dynamics. Along with comprehensive coverage of
structural dynamics fundamentals, finite-element-based computational methods, and dynamic
testing methods, this Second Edition includes new and expanded coverage of computational
methods, as well as introductions to more advanced topics, including experimental modal
analysis and "active structures." With a systematic approach, it presents solution techniques
that apply to various engineering disciplines. It discusses single degree-of-freedom (SDOF)
systems, multiple degrees-of-freedom (MDOF) systems, and continuous systems in depth; and
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includes numeric evaluation of modes and frequency of MDOF systems; direct integration
methods for dynamic response of SDOF systems and MDOF systems; and component mode
synthesis. Numerous illustrative examples help engineers apply the techniques and methods
to challenges they face in the real world. MATLAB(r) is extensively used throughout the book,
and many of the .m-files are made available on the book's Web site. Fundamentals of
Structural Dynamics, Second Edition is an indispensable reference and "refresher course" for
engineering professionals; and a textbook for seniors or graduate students in mechanical
engineering, civil engineering, engineering mechanics, or aerospace engineering.
Astronomy and Astrophysics Abstracts aims to present a comprehensive documen tation of the
literature concerning all aspects of astronomy, astrophysics, and their border fields. It is
devoted to the recording, summarizing, and indexing of the relevant publications throughout
the world. Astronomy and Astrophysics Abstracts is prepared by a special department of the
Astronomisches Rechen-Institut under the auspices of the International Astronomical Union.
Volume 43 records literature published in 1987 and received before August 15, 1987. Some
older documents which we received late and which are not surveyed in earlier volumes are
included too. We acknowledge with thanks contributions of our colleagues all over the world.
We also express our gratitude to all organiza tions, observatories, and publishers which
provide us with complimentary copies of their publications. Starting with Volume 33, all the
recording, correction, and data processing work was done by means of computers. The
recording was done by our technical staff members Ms. Helga Ballmann, Ms. Beate Gobel, Ms.
Monika Kohl, Ms. Sylvia Matyssek, Ms. Doris Schmitz-Braunstein, Ms. Utta-Barbara
Stegemann. Mr. Jochen Heidt and Mr. Kristopher Polzine supported our task by careful proof
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reading. It is a pleasure to thank them all for their encouragement. Heidelberg, October 1987
The Editors Contents Introduction . . . . . . . . . . . 1 Concordance Relation: PHYS-AAA 3
Abbreviations 5 Periodicals, Proceedings, Books, Activities 001 Periodicals . . . . . . . . . . . 10
002 Bibliographical Publications, Documentation, Catalogues, Data Bases 50 003 Books ...... .
Advanced Control of Aircraft, Spacecraft and Rockets introduces the reader to the concepts of
modern control theory applied to the design and analysis of general flight control systems in a
concise and mathematically rigorous style. It presents a comprehensive treatment of both
atmospheric and space flight control systems including aircraft, rockets (missiles and launch
vehicles), entry vehicles and spacecraft (both orbital and attitude control). The broad coverage
of topics emphasizes the synergies among the various flight control systems and attempts to
show their evolution from the same set of physical principles as well as their design and
analysis by similar mathematical tools. In addition, this book presents state-of-art control
system design methods - including multivariable, optimal, robust, digital and nonlinear
strategies - as applied to modern flight control systems. Advanced Control of Aircraft,
Spacecraft and Rockets features worked examples and problems at the end of each chapter
as well as a number of MATLAB / Simulink examples housed on an accompanying website at
http://home.iitk.ac.in/~ashtew that are realistic and representative of the state-of-the-art in flight
control.
This 1997 book explains basic theory of spacecraft dynamics and control and the practical
aspects of controlling a satellite.
"An important feature of this book is that fundamentals of classical control are presented and
developed in the context of spacecraft attitude control"-Page 11/19

Online Library Introduction To Space Dynamics Solutions
;Contents: Fundamentals of rocket and space dynamics; Terrestrial flights; Flights to the moon;
Interplanetary flights; Space flights.
"Space Vehicle Dynamics and Control provides a solid foundation in dynamic modeling,
analysis, and control of space vehicles. More than 200 figures, photographs, and tables are
featured in detailed sections covering the fundamentals of controlling orbital, attitude, and
structural motions of space vehicles. The textbook highlights a range of orbital maneuvering
and control problems: orbital transfer, rendezvous, and halo orbit determination and control.
Rotational maneuvering and attitude control problems of space vehicles under the influence of
reaction jet firings, internal energy dissipation, or momentum transfer via reaction wheels and
control moment gyros are treated in detail. The textbook also highlights the analysis and
design of attitude control systems in the presence of structural flexibility and/or propellant
sloshing. At the end of each chapter, Dr. Wie includes a helpful list of references for graduate
students and working professionals studying spacecraft dynamics and control. A bibliography
of more than 350 additional references in the field of spacecraft guidance, control, and
dynamics is also provided at the end of the book. This text requires a thorough knowledge of
vector and matrix algebra, calculus, ordinary differential equations, engineering mechanics,
and linear system dynamics and control. The first two chapters provide a summary of such
necessary background material. Since some problems may require the use of software for the
analysis, control design, and numerical simulation, readers should have access to
computational software (i.e., MATLAB) on a personal computer.
Numerical methods are a mainstay of researchers and professionals across the many
mathematics, scientific, and engineering disciplines. The importance of these methods
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combined with the power and availability of today's computers virtually demand that students in
these fields be well versed not only in the numerical techniques, but also in the use of a
modern computational software package. Updated to reflect the latest version of MATLAB, the
second edition of An Introduction to Numerical Methods continues to fulfill both these needs. It
introduces the theory and applications of the most commonly used techniques for solving
numerical problems on a computer. It covers a wide range of useful algorithms, each
presented with full details so that readers can visualize and interpret each step. Highlights of
the second edition: A new chapter on numerical optimization New sections on finite elements
More exercises and applied problems in each chapter MATLAB incorporated as an integral
part of the text Emphasis on understanding how the methods work, a simple, direct style, and
thorough coverage make this book an outstanding initiation that allows students to see almost
immediate results. It will boost their confidence in their ability to master the subject and give
them valuable experience in the use of MATLAB.
Provides the basics of spacecraft orbital dynamics plusattitude dynamics and control, using
vectrix notation Spacecraft Dynamics and Control: An Introductionpresents the fundamentals
of classical control in the context ofspacecraft attitude control. This approach is
particularlybeneficial for the training of students in both of the subjects ofclassical control as
well as its application to spacecraft attitudecontrol. By using a physical system (a spacecraft)
that the readercan visualize (rather than arbitrary transfer functions), it iseasier to grasp the
motivation for why topics in control theory areimportant, as well as the theory behind them. The
entiretreatment of both orbital and attitude dynamics makes use ofvectrix notation, which is a
tool that allows the user to writedown any vector equation of motion without consideration of
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areference frame. This is particularly suited to the treatment ofmultiple reference frames.
Vectrix notation also makes a very cleardistinction between a physical vector and its
coordinaterepresentation in a reference frame. This is very important inspacecraft dynamics
and control problems, where often multiplecoordinate representations are used (in different
reference frames)for the same physical vector. Provides an accessible, practical aid for
teaching andself-study with a layout enabling a fundamental understanding ofthe subject Fills a
gap in the existing literature by providing ananalytical toolbox offering the reader a lasting,
rigorousmethodology for approaching vector mechanics, a key element vitalto new graduates
and practicing engineers alike Delivers an outstanding resource for aerospace
engineeringstudents, and all those involved in the technical aspects of designand engineering
in the space sector Contains numerous illustrations to accompany the written text.Problems
are included to apply and extend the material in eachchapter Essential reading for graduate
level aerospace engineeringstudents, aerospace professionals, researchers and engineers.
This book provides an introduction to representative nonrelativistic quantum control problems
and their theoretical analysis and solution via modern computational techniques. The quantum
theory framework is based on the SchrÓdinger picture, and the optimization theory, which
focuses on functional spaces, is based on the Lagrange formalism. The computational
techniques represent recent developments that have resulted from combining modern
numerical techniques for quantum evolutionary equations with sophisticated optimization
schemes. Both finite and infinite-dimensional models are discussed, including the three-level
Lambda system arising in quantum optics, multispin systems in NMR, a charged particle in a
well potential, Bose?Einstein condensates, multiparticle spin systems, and multiparticle models
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in the time-dependent density functional framework. This self-contained book covers the
formulation, analysis, and numerical solution of quantum control problems and bridges
scientific computing, optimal control and exact controllability, optimization with differential
models, and the sciences and engineering that require quantum control methods.
Comprehensive, classic introduction to space-flight engineering for advanced undergraduate
and graduate students provides basic tools for quantitative analysis of the motions of satellites
and other vehicles in space.

to Soil Dynamics Arnold Verruijt Delft University of Technology, Delft, The Netherlands
Arnold Verruijt Delft University of Technology 2628 CN Delft Netherlands
a.verruijt@verruijt.net A CD-ROM accompanies this book containing programs for
waves in piles, propagation of earthquakes in soils, waves in a half space generated by
a line load, a point load, a strip load, or a moving load, and the propagation of a shock
wave in a saturated elastic porous material. Computer programs are also available from
the website http://geo.verruijt.net ISBN 978-90-481-3440-3 e-ISBN 978-90-481-3441-0
DOI 10.1007/978-90-481-3441-0 Springer Dordrecht Heidelberg London New York
Library of Congress Control Number: 2009940507 © Springer Science+Business Media
B.V. 2010 No part of this work may be reproduced, stored in a retrieval system, or
transmitted in any form or by any means, electronic, mechanical, photocopying,
micro?lming, recording or otherwise, without written permission from the Publisher, with
the exception of any material supplied speci?cally for the purpose of being entered and
executed on a computer system, for exclusive use by the purchaser of the work. Printed
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on acid-free paper Springer is part of Springer Science+Business Media
(www.springer.com) Preface This book gives the material for an introductory course on
Soil Dynamics, as given for about 10 years at the Delft University of Technology for
students of civil en- neering, and updated continuously since 1994.
Although realistic soil and rock foundations reveal noticeable deviations in their
properties from homogeneity and isotropy, the model of the homogeneous isotropie
elastic half-space is widely used when studying static and dynamie interactions
between a defonnable foundation and structures. This is explained by significant
mathematieal difficulties inherent in problems conceming mechanies of anisotropie and
heterogeneous elastic bodies. Solving the basic static and dynamie problems for
heterogeneous and anisotropic half-spaces, such as different contact problems and
problems of constructing Green's functions, has become possible in the last few
decades due to the development of computer engineering techniques and numerical
methods. This book contains the results of investigations in the area of statics and
dynamies of heterogeneous and anisotropic foundations, carried out by the author in
the last five years while working in the Faculty of Civil Engineering at Technion - Israel
Institute of Technology. The book is directed at engineers and scientists in the areas of
soil mechanics, soil-structures interaction, seismology and geophysics. Some
characteristic features of the book are: i) Constructing (Chap.l) solutions in a general
fonn for the heterogeneous (in the depth direction) transversely isotropic elastic halfPage 16/19
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space subjected to different loadings, hannonic in time. Characteristics of the given halfspace have an influence on functions (of depth z and parameter k of Hankel's
transfonns), which are detennined from a system of ordinary differential equations.
For introductory course in space flight dynamics. A self-contained, integrated
introduction to the performance aspects of flight how to get into space, how to get
around in space, and how to return to Earth or land on another planet (as opposed to
specialized areas of life support, guidance and control, or communications).
First published in 1987, this text offers concise but clear explanations and derivations to
give readers a confident grasp of the chain of argument that leads from Newton’s laws
through Lagrange’s equations and Hamilton’s principle, to Hamilton’s equations and
canonical transformations. This new edition has been extensively revised and updated
to include: A chapter on symplectic geometry and the geometric interpretation of some
of the coordinate calculations. A more systematic treatment of the conections with the
phase-plane analysis of ODEs; and an improved treatment of Euler angles. A greater
emphasis on the links to special relativity and quantum theory showing how ideas from
this classical subject link into contemporary areas of mathematics and theoretical
physics. A wealth of examples show the subject in action and a range of exercises –
with solutions – are provided to help test understanding.
Scientists are continuously improving the accelerator and light source technologies to
observe the secret of matter as well as the origin of nature which create new
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opportunities for accelerator physics research. This book provides a glance view on
phase space dynamics of electron beam, motion of relativistic electrons in threedimensional ideal undulator magnetic field, numerical simulation of electron multi-beam
linear accelerator EVT, nuclear safety design of high energy accelerator facilities, and
radiation safety aspects of operation of electron linear accelerators. The determination
of the structure of biomolecules is presently among the best examples of the application
of synchrotron radiation. This book also covers synchrotron-based X-ray diffraction
study of mammalian connective tissues and related disease. Furthermore, an overview
of the versatile applications of ion beam and synchrotron radiation techniques in hair
elemental profiling in biomedical studies is also incorporated in this book.
This book starts with a discussion of nonlinear ordinary differential equations,
bifurcation theory and Hamiltonian dynamics. It then embarks on a systematic
discussion of the traditional topics of modern nonlinear dynamics -- integrable systems,
Poincaré maps, chaos, fractals and strange attractors. The Baker’s transformation, the
logistic map and Lorenz system are discussed in detail in view of their central place in
the subject. There is a detailed discussion of solitons centered around the KortewegdeVries equation in view of its central place in integrable systems. Then, there is a
discussion of the Painlevé property of nonlinear differential equations which seems to
provide a test of integrability. Finally, there is a detailed discussion of the application of
fractals and multi-fractals to fully-developed turbulence -- a problem whose
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understanding has been considerably enriched by the application of the concepts and
methods of modern nonlinear dynamics. On the application side, there is a special
emphasis on some aspects of fluid dynamics and plasma physics reflecting the
author’s involvement in these areas of physics. A few exercises have been provided
that range from simple applications to occasional considerable extension of the theory.
Finally, the list of references given at the end of the book contains primarily books and
papers used in developing the lecture material this volume is based on. This book has
grown out of the author’s lecture notes for an interdisciplinary graduate-level course on
nonlinear dynamics. The basic concepts, language and results of nonlinear dynamical
systems are described in a clear and coherent way. In order to allow for an
interdisciplinary readership, an informal style has been adopted and the mathematical
formalism has been kept to a minimum. This book is addressed to first-year graduate
students in applied mathematics, physics, and engineering, and is useful also to any
theoretically inclined researcher in the physical sciences and engineering. This second
edition constitutes an extensive rewrite of the text involving refinement and
enhancement of the clarity and precision, updating and amplification of several
sections, addition of new material like theory of nonlinear differential equations,
solitons, Lagrangian chaos in fluids, and critical phenomena perspectives on the fluid
turbulence problem and many new exercises.
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