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Fundamental Constants

Quantity Symbol  Value(s)
Elementary charge e 1.6022 X 107 C
Speed of light in vacuum ¢ 2.9979 X 108 m/s
Permeability of vacuum (magnetic constant) Mo 47 X 107" N-A~?
Permittivity of vacuum (electric constant) € 8.8542 X 1072 F+-m™!
Gravitation constant G 6.6738 X 10" N - m? - kg2
Planck constant h 6.6261 X 107 ] -5

41357 X 107 eV - s
Avogadro constant Na 6.0221 X 10% mol~!
Boltzmann constant k 1.3807 X 1072 ] - K!
Stefan-Boltzmann constant o 5.6704 X 10°8W-m™2-K™*
Atomic mass unit u 1.66053886 X 10?7 kg

Particle Masses

931.494061 MeV/ ¢?

Mass in units of

Particle kg MeV /c? u
Electron 9.1094 X 103! 0.51100 5.4858 X 10~*
Muon 1.8835 X 10-28 105.66 0.11343
Proton 1.6726 X 10727 938.27 1.00728
Neutron 1.6749 X 10727 939.57 1.00866
Deuteron 3.3436 X 10727 1875.61 2.01355
« particle 6.6447 X 1027 3727.38 4.00151
Conversion Factors
1y=3.156 X107 s 1T=10*G

1 lightyear = 9.461 X 105 m

1 cal = 4.186 ]

1 MeV/c=5.344 X 10722 kg - m/s
1 eV =1.6022X10719]

1Ci=3.7 X 10" Bq
1 barn = 1072 m?

1u=1.66054 X 10~%" kg



Useful Combinations of Constants

fi=h/2m = 1.0546 X 107%* ] - s = 6.5821 X 10 16V -
he=1.9864 X 1072 J - m = 1239.8 eV - nm
fic=3.1615 X 10°* ] - m = 197.33 eV - nm

=8.9876 X10° N-m?- G2

41€,
h .

Compton wavelength A, e 2.4263 X102 m

2 e

=2.3071 X 107 J-m = 1.4400 X 107 eV+-m
4e,
Fine struct tant C 00072974 ~ )
mn 1 n nta = = U. =
€ structure consta 47T€0h6 137

_eh —94 _ -5
Bohr magneton up = om. 9.2740 X 10 =*J/T = 5.7884 X 10> eV/T
m,

e

h

Nuclear magneton uy = ;; = 5.0508 X 102" ]/T
m
b

= 3.1525 X 10" % eV/T

. 4mreh? u
Bohr radius «, = 5 = 52918 X 107" m
m,e

G

2

Hydrogen ground state Fy, = =13.606 eV = 2.1799 X 10~ '¥]

)
am,c o o
Rydberg constant R, = on 1.09737 X 10" m
I

Hydrogen Rydberg Ry = R, = 1.09678 X 10"m™!
Gas constant R = Nk = 8.3145] -mol ™! - K™!

2 h -15 2
Magnetic flux quantum @, =9, " 2.0678 X10™ T-m
Classical electron radius 7, = a®ay = 2.8179 X 107® m

. 1
kT = 2.5249 X 10 %2eV = 0 eVat T =293 K

Note: The latest values of the fundamental constants can be found at the National Institute
of Standards and Technology website at http://physics.nist.gov/cuu/Constants
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Preface

Our objective in writing this book was to produce a textbook for a modern physics
course of either one or two semesters for physics and engineering students. Such a course
normally follows a full-year, introductory, calculus-based physics course for freshmen or
sophomores. Before each edition we have the publisher send a questionnaire to users of
modern physics books to see what needed to be changed or added. Most users like our
textbook as is, especially the complete coverage of topics including the early quantum
theory, subfields of physics, general relativity, and cosmology/astrophysics. Our book
continues to be useful for either a one- or two-semester modern physics course. We have
made no major changes in the order of subjects in the fourth edition.

Coverage

The first edition of our text established a trend for a contemporary approach to the excit-
ing, thriving, and changing field of modern science. After briefly visiting the status of phys-
ics at the turn of the last century, we cover relativity and quantum theory, the basis of any
study of modern physics. Almost all areas of science depend on quantum theory and the
methods of experimental physics. We have included the name Quantum Mechanics in two
of our chapter titles (Chapters 5 and 6) to emphasize the quantum connection. The latter
part of the book is devoted to the subfields of physics (atomic, condensed matter, nuclear,
and particle) and the exciting fields of cosmology and astrophysics. Our experience is that
science and engineering majors particularly enjoy the study of modern physics after the
sometimes-laborious study of classical mechanics, thermodynamics, electricity, magnetism,
and optics. The level of mathematics is not difficult for the most part, and students feel they
are finally getting to the frontiers of physics. We have brought the study of modern physics
alive by presenting many current applications and challenges in physics, for example, nano-
science, high-temperature superconductors, quantum teleportation, neutrino mass and
oscillations, missing dark mass and energy in the universe, gamma-ray bursts, holography,
quantum dots, and nuclear fusion. Modern physics texts need to be updated periodically to
include recent advances. Although we have emphasized modern applications, we also pro-
vide the sound theoretical basis for quantum theory that will be needed by physics majors
in their upper division and graduate courses.

Changes for the Fourth Edition

Our book continues to be the most complete and up-to-date textbook in the modern
physics market for sophomores/juniors. We have made several changes for the fourth
edition to aid the student in learning modern physics. We have added additional end-of-
chapter questions and problems and have modified many problems from earlier editions,



with an emphasis on including more real-world problems with current research applica-
tions whenever possible. We continue to have a larger number of questions and problems
than competing textbooks, and for users of the robust Thornton/Rex Modern Physics for
Scientists and Engineers, third edition course in WebAssign, we have a correlation guide of
the fourth edition problems to that third edition course.

We have added additional examples to the already large number in the text. The peda-
gogical changes made for the third edition were highly successful. To encourage and sup-
port conceptual thinking by students, we continue to use conceptual examples and strategy
discussion in the numerical examples. Examples with numerical solutions include a discus-
sion of what needs to be accomplished in the example, the procedure to go through to find
the answer, and relevant equations that will be needed. We present the example solutions
in some detail, showing enough steps so that students can follow the solution to the end.

We continue to provide a significant number of photos and biographies of scientists
who have made contributions to modern physics. We have done this to give students a
perspective of the background, education, trials, and efforts of these scientists. We have
also updated many of the Special Topic boxes, which we believe provide accurate and
useful descriptions of the excitement of scientific discoveries, both past and current.

Chapter-by-Chapter Changes We have rewritten some sections in order to make the
explanations clearer to the student. Some material has been deleted, and new material
has been added. In particular we added new results that have been reported since the
third edition. This is especially true for the chapters on the subfields of physics, Chapters
8-16. We have covered the most important subjects of modern physics, but we realize that
in order to cover everything, the book would have to be much longer, which is not what
our users want. Our intention is to keep the level of the textbook at the sophomore/
junior undergraduate level. We think it is important for instructors to be able to
supplement the book whenever they choose—especially to cover those topics in which
they themselves are expert. Particular changes by chapter include the following:

¢ Chapter 2: we have updated the search for violations of Lorentz symmetry and added
some discussion about four vectors.

* Chapter 3: we have rewritten the discussion of the Rayleigh-Jeans formula and
Planck’s discovery.

¢ Chapter 9: we improved the discussion about the symmetry of boson wave functions
and its application to the Fermi exclusion principle and Bose-Einstein condensates.

e  Chapter 10: we added a discussion of classes of superconductors and have updated
our discussion concerning applications of superconductivity. The latter includes how
superconductors are now being used to determine several fundamental constants.

¢  Chapter 11: we added more discussion about solar energy, Blu-ray DVD devices, in-
creasing the number of transistors on a microchip using new semiconductor materials,
graphene, and quantum dots. Our section on nanotechnology is especially complete.

e  Chapter 12: we updated our discussion on neutrino detection and neutrino mass,
added a description of nuclear magnetic resonance, and upgraded our discussion on
using radioactive decay to study the oldest terrestrial materials.

¢  Chapter 13: we updated our discussion about nuclear power plants operating in the
United States and the world and presented a discussion of possible new, improved
reactors. We discussed the tsunami-induced tragedy at the Fukushima Daiichi nu-
clear power plant in Japan and added to our discussion of searches for new elements
and their discoveries.

¢  Chapter 14: we upgraded our description of particle physics, improved and ex-
panded the discussion on Feynman diagrams, updated the search for the Higgs bo-
son, discussed new experiments on neutrino oscillations, and added discussion on
matter-antimatter, supersymmetry, string theory, and M-theory. We mention that the
LHC has begun operation as the Fermilab Tevatron accelerator is shutting down.

*  Chapter 15: we improved our discussion on gravitational wave detection, added to
our discussion on black holes, and included the final results of the Gravity Probe B
satellite.

Preface

Xi



Xii

Preface

¢  Chapter 16: we changed the chapter name from Cosmology to Cosmology and Mod-
ern Astrophysics, because of the continued importance of the subject in modern
physics. Our third edition of the textbook already had an excellent discussion and
correct information about the age of the universe, dark matter, and dark energy, but
Chapter 16 still has the most changes of any chapter, due to the current pace of re-
search in the field. We have upgraded information and added discussion about Ol-
bers’ paradox, discovery of the cosmic microwave background, gamma ray astrophys-
ics, standard model of cosmology, the future of space telescopes, and the future of
the universe (Big Freeze, Big Crunch, Big Rip, Big Bounce, etc).

Teaching Suggestions

The text has been used extensively in its first three editions in courses at our home institu-
tions. These include a one-semester course for physics and engineering students at the
University of Virginia and a two-semester course for physics and pre-engineering students
at the University of Puget Sound. These are representative of the one- and two-semester
modern physics courses taught elsewhere. Both one- and two-semester courses should
cover the material through the establishment of the periodic table in Chapter 8 with few
exceptions. We have eliminated the denoting of optional sections, because we believe that
depends on the wishes of the instructor, but we feel Sections 2.4, 4.2, 6.4, 6.6, 7.2, 7.6, 8.2,
and 8.3 from the first nine chapters might be optional. Our suggestions for the one- and
two-semester courses (3 or 4 credit hours per semester) are then

One-semester: Chapters 1-9 and selected other material as chosen by the
instructor

Two-semester: Chapters 1-16 with supplementary material as desired, with possible
student projects

An Internet-based, distance-learning version of the course is offered by one of the authors
every summer (Physics 2620, 4 credit hours) at the University of Virginia that covers all
chapters of the textbook, with emphasis on Chapters 1-8. Homework problems and exams
are given on WebAssign. The course can be taken by a student located anywhere there is an
Internet connection. See http://modern.physics.virginia.edu/course/ for details.

Features

End-of-Chapter Problems

The 1166 questions and problems (258 questions and 908 problems) are more than in
competing textbooks. Such a large number of questions and problems allows the instruc-
tor to make different homework assignments year after year without having to repeat
problems. A correlation guide to the Thornton/Rex Modern Physics for Scientists and Engi-
neers, third edition course in WebAssign is available via the Instructor’s companion website
(www.cengage.com/physics/thornton4e). We have tried to provide thought-provoking
questions that have actual answers. In this edition we have focused on adding problems
that have real-world or current research applications. The end-of-chapter problems have
been separated by section, and general problems are included at the end to allow assimila-
tion of the material. The easier problems are generally listed first within a section, and the
more difficult ones are noted by a shaded blue square behind the problem number. A few
computer-based problems are given in the text, but no computer disk supplement is pro-
vided, because many computer software programs are commercially available.

Solutions Manuals

PDF files of the Instructor’s Solutions Manual are available to the instructor on the Instructor’s
Resource CD-ROM (by contacting your local Brooks/Cole—Cengage sales representative).
This manual contains the solution to every end-of-chapter problem and has been checked by at
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least two physics professors. The answers to selected odd-numbered problems are given at
the end of the textbook itself. A Student Solutions Manual that contains the solutions to about
25% of the end-of-chapter problems is also available for sale to the students.

Instructor’s Resource CD-ROM for Thornton/Rex’s Modern Physics
for Scientists and Engineers, Fourth Edition

Available to adopters is the Modern Physics for Scientists and Engineers Instructor’s Resource
CD-ROM. This CD-ROM includes PowerPoint® lecture outlines and also contains 200
pieces of line art from the text. It also features PDF files of the Instructor’s Solutions Man-
ual. Please guard this CD and do not let anyone have access to it. When end-of-chapter
problem solutions find their way to the internet for sale, learning by students deteriorates
because of the temptation to look up the solution.

Text Format

The two-color format helps to present clear illustrations and to highlight material in the
text; for example, important and useful equations are highlighted in blue, and the most
important part of each illustration is rendered in thick blue lines. Blue margin notes help
guide the student to the important points, and the margins allow students to make their
own notes. The first time key words or topics are introduced they are set in boldface, and
italics are used for emphasis.

Examples

Although we had a large number of worked examples in the third edition, we have added
new ones in this edition. The examples are written and presented in the manner in which
students are expected to work the end-of-chapter problems: that is, to develop a concep-
tual understanding and strategy before attempting a numerical solution. Problem solving
does not come easily for most students, especially the problems requiring several steps
(that is, not simply plugging numbers into one equation). We expect that the many text
examples with varying degrees of difficulty will help students.

Special Topic Boxes

Users have encouraged us to keep the Special Topic boxes. We believe both students and
professors find them interesting, because they add some insight and detail into the excite-
ment of physics. We have updated the material to keep them current.

History

We include historical aspects of modern physics that some students will find interesting
and that others can simply ignore. We continue to include photos and biographies of
scientists who have made significant contributions to modern physics. We believe this
helps to enliven and humanize the material.

Website

Students can access the book’s companion website at www.cengagebrain.com/shop/
ISBN/9781133103721. This site features student study aids such as outlines, summaries,
and conceptual questions for each chapter. Instructors will also find downloadable Pow-
erPoint lectures and images for use in classroom lecture presentation. Students may also
access the authors’ websites at http://www.modern.physics.virginia.edu/ and http://www.
pugetsound.edu/faculty-pages/rex where the authors will post errata, present new excit-
ing results, and give links to sites that have particularly interesting features like simula-
tions and photos, among other things.
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The Birth of
Modern Physics

The more important fundamental laws and facts of physical science
have all been discovered, and these are now so firmly established that
the possibility of their ever being supplanted in consequence of new dis-
coveries is exceedingly remaote. . . . Our future discoveries must be
looked for in the sixth place of decimals.

Albert A. Michelson, 1894

There is nothing new to be discovered in physics now. All that remains
is more and more precise measurement.

Wiilliam Thomson (Lord Kelvin), 1900

Although the Greek scholars Aristotle and Eratosthenes performed measure-
ments and calculations that today we would call physics, the discipline of physics
has its roots in the work of Galileo and Newton and others in the scientific revo-
lution of the sixteenth and seventeenth centuries. The knowledge and practice
of physics grew steadily for 200 to 300 years until another revolution in physics
took place, which is the subject of this book. Physicists distinguish classical physics,
which was mostly developed before 1895, from modern physics, which is based on
discoveries made after 1895. The precise year is unimportant, but monumental
changes occurred in physics around 1900.

The long reign of Queen Victoria of England, from 1837 to 1901, saw
considerable changes in social, political, and intellectual realms, but perhaps
none so important as the remarkable achievements that occurred in physics. For
example, the description and predictions of electromagnetism by Maxwell are
partly responsible for the rapid telecommunications of today. It was also during
this period that thermodynamics rose to become an exact science. None of these
achievements, however, have had the ramifications of the discoveries and appli-
cations of modern physics that would occur in the twentieth century. The world
would never be the same.

In this chapter we briefly review the status of physics around 1895, including
Newton’s laws, Maxwell’s equations, and the laws of thermodynamics. These re-
sults are just as important today as they were over a hundred years ago. Argu-
ments by scientists concerning the interpretation of experimental data using
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Early successes of science

Classical conservation laws

wave and particle descriptions that seemed to have been resolved 200 years ago
were reopened in the twentieth century. Today we look back on the evidence of
the late nineteenth century and wonder how anyone could have doubted the
validity of the atomic view of matter. The fundamental interactions of gravity,
electricity, and magnetism were thought to be well understood in 1895. Physi-
cists continued to be driven by the goal of understanding fundamental laws
throughout the twentieth century. This is demonstrated by the fact that other
fundamental forces (specifically the nuclear and weak interactions) have been
added, and in some cases—curious as it may seem—various forces have even
been combined. The search for the holy grail of fundamental interactions con-
tinues unabated today.

We finish this chapter with a status report on physics just before 1900. The
few problems not then understood would be the basis for decades of fruitful
investigations and discoveries continuing into the twenty-first century. We hope
you find this chapter interesting both for the physics presented and for the his-
torical account of some of the most exciting scientific discoveries of the modern
era.

1.1 Classical Physics of the 1890s

Scientists and engineers of the late nineteenth century were indeed rather
smug. They thought they had just about everything under control (see the
quotes from Michelson and Kelvin on page 1). The best scientists of the day
were highly recognized and rewarded. Public lectures were frequent. Some sci-
entists had easy access to their political leaders, partly because science and en-
gineering had benefited their war machines, but also because of the many useful
technical advances. Basic research was recognized as important because of the
commercial and military applications of scientific discoveries. Although there
were only primitive automobiles and no airplanes in 1895, advances in these
modes of transportation were soon to follow. A few people already had tele-
phones, and plans for widespread distribution of electricity were under way.

Based on their success with what we now call macroscopic classical results,
scientists felt that given enough time and resources, they could explain just
about anything. They did recognize some difficult questions they still couldn’t
answer; for example, they didn’t clearly understand the structure of matter—
that was under intensive investigation. Nevertheless, on a macroscopic scale, they
knew how to build efficient engines. Ships plied the lakes, seas, and oceans of
the world. Travel between the countries of Europe was frequent and easy by
train. Many scientists were born in one country, educated in one or two others,
and eventually worked in still other countries. The most recent ideas traveled
relatively quickly among the centers of research. Except for some isolated scien-
tists, of whom Einstein is the most notable example, discoveries were quickly and
easily shared. Scientific journals were becoming accessible.

The ideas of classical physics are just as important and useful today as they
were at the end of the nineteenth century. For example, they allow us to build
automobiles and produce electricity. The conservation laws of energy, linear
momentum, angular momentum, and charge can be stated as follows:

Conservation of energy: The total sum of energy (in all its forms) is con-
served in all interactions.

Conservation of linear momentum: In the absence of external forces, linear
momentum is conserved in all interactions (vector relation).
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Conservation of angular momentum: In the absence of external torque,
angular momentum is conserved in all interactions (vector relation).

Conservation of charge: Electric charge is conserved in all interactions.

A nineteenth-century scientist might have added the conservation of mass to
this list, but we know it not to be valid today (you will find out why in Chapter
2). These conservation laws are reflected in the laws of mechanics, electromag-
netism, and thermodynamics. Electricity and magnetism, separate subjects for
hundreds of years, were combined by James Clerk Maxwell (1831-1879) in his
four equations. Maxwell showed optics to be a special case of electromagne-
tism. Waves, which permeated mechanics and optics, were known to be an
important component of nature. Many natural phenomena could be explained
by wave motion using the laws of physics.

Mechanics

The laws of mechanics were developed over hundreds of years by many re-
searchers. Important contributions were made by astronomers because of the
great interest in the heavenly bodies. Galileo (1564-1642) may rightfully be
called the first great experimenter. His experiments and observations laid the
groundwork for the important discoveries to follow during the next 200 years.

Isaac Newton (1642-1727) was certainly the greatest scientist of his time
and one of the best the world has ever seen. His discoveries were in the fields of
mathematics, astronomy, and physics and include gravitation, optics, motion,
and forces.

We owe to Newton our present understanding of motion. He understood
clearly the relationships among position, displacement, velocity, and accelera-
tion. He understood how motion was possible and that a body at rest was just a
special case of a body having constant velocity. It may not be so apparent to us
today, but we should not forget the tremendous unification that Newton made
when he pointed out that the motions of the planets about our sun can be un-
derstood by the same laws that explain motion on Earth, like apples falling from
trees or a soccer ball being shot toward a goal. Newton was able to elucidate
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Galileo, the first great
experimenter

Newton, the greatest
scientist of his time

Galileo Galilei (1564-1642) was
born, educated, and worked in
Italy. Often said to be the “father
of physics” because of his careful
experimentation, he is shown
here performing experiments by
rolling balls on an inclined plane.
He is perhaps best known for his
experiments on motion, the
development of the telescope,
and his many astronomical dis-
coveries. He came into disfavor
with the Catholic Church for his
belief in the Copernican theory.
He was finally cleared of heresy
by Pope John Paul Il in 1992,
350 years after his death.
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Newton’s laws

~—

Isaac Newton (1642-1727), the
great English physicist and math-
ematician, did most of his work
at Cambridge where he was edu-
cated and became the Lucasian
Professor of Mathematics. He
was known not only for his work
on the laws of motion but also as
a founder of optics. His useful
works are too numerous to list
here, but it should be mentioned
that he spent a considerable
amount of his time on alchemy,
theology, and the spiritual uni-
verse. His writings on these sub-
jects, which were dear to him,
were quite unorthodox. This
painting shows him performing
experiments with light.

Maxwell’s equations

carefully the relationship between net force and acceleration, and his concepts
were stated in three laws that bear his name today:

Newton’s first law: An object in motion with a constant velocity will continue in motion
unless acted upon by some net external force. A body at rest is just a special case of
Newton’s first law with zero velocity. Newton’s first law is often called the law of
inertia and is also used to describe inertial reference frames.

Newton’s second law: The acceleration @ of a body is proportional to the net external
force F and inversely proportional to the mass m of the body. It is stated mathemati-
cally as

—

F= ma (1.1a)

A more general statement* relates force to the time rate of change of the
linear momentum f.

L dp
F= 4 (1.1b)

di
Newton’s third law: e force exerted by body I on body 2 is equal in magnitude and
opposite in direction to the force that body 2 exerts on body 1. If the force on body

2 by body 1 is denoted by Fyy, then Newton’s third law is written as
Fy = ~Fy (1.2)
It is often called the law of action and reaction.

These three laws develop the concept of force. Using that concept together
with the concepts of velocity ¥, acceleration @, linear momentum f_’)’ rotation
(angular velocity @ and angular acceleration @), and angular momentum L, we

can describe the complex motion of bodies.

Electromagnetism

Electromagnetism developed over a long period of time. Important contributions
were made by Charles Coulomb (1736-1806), Hans Christian Oersted (1777-
1851), Thomas Young (1773-1829), André Ampére (1775-1836), Michael Faraday
(1791-1867), Joseph Henry (1797-1878), James Clerk Maxwell (1831-1879), and
Heinrich Hertz (1857-1894). Maxwell showed that electricity and magnetism were
intimately connected and were related by a change in the inertial frame of refer-
ence. His work also led to the understanding of electromagnetic radiation, of
which light and optics are special cases. Maxwell’s four equations, together with
the Lorentz force law, explain much of electromagnetism.

q

Gauss’s law for electricity jgﬁ dA = - (1.3)
0

Gauss’s law for magnetism jEE dA=0 (1.4)

Faraday’s law E-ds= — 7 (1.5)

*#Tt is a remarkable fact that Newton wrote his second law not as F = md, but as F= d(md) /dt, thus
taking into account mass flow and change in velocity. This has applications in both fluid mechanics
and rocket propulsion.
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> dd,
Generalized Ampere’s law ng- ds = MOGOTtL + wol (1.6)
Lorentz force law F=gE+ qi X B (1.7)

Maxwell’s equations indicate that charges and currents create fields, and in turn,
these fields can create other fields, both electric and magnetic.

Thermodynamics

Thermodynamics deals with temperature 7, heat Q, work W, and the internal en-
ergy of systems U. The understanding of the concepts used in thermodynamics—
such as pressure P, volume V, temperature, thermal equilibrium, heat, entropy,
and especially energy—was slow in coming. We can understand the concepts of
pressure and volume as mechanical properties, but the concept of temperature
must be carefully considered. We have learned that the internal energy of a system
of noninteracting point masses depends only on the temperature.

Important contributions to thermodynamics were made by Benjamin
Thompson (Count Rumford, 1753-1814), Sadi Carnot (1796-1832), James
Joule (1818-1889), Rudolf Clausius (1822-1888), and William Thomson (Lord
Kelvin, 1824-1907). The primary results of thermodynamics can be described in
two laws:

First law of thermodynamics: The change in the internal energy AU of a system is equal
to the heat Q added to the system plus the work W done on the system.

AU=Q+ W (1.8)

The first law of thermodynamics generalizes the conservation of energy by
including heat.

Second law of thermodynamics: 1t is not possible to convert heat completely into
work without some other change taking place. Various forms of the second law
state similar, but slightly different, results. For example, it is not possible to
build a perfect engine or a perfect refrigerator. It is not possible to build a
perpetual motion machine. Heat does not spontaneously flow from a colder
body to a hotter body without som