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a reissue of professor coxeter s classic text on non euclidean geometry

this is the definitive presentation of the history development and philosophical significance of

non euclidean geometry as well  as of  the rigorous foundations for it  and for elementary

euclidean  geometry  essentially  according  to  hilbert  appropriate  for  liberal  arts  students

prospective high school teachers math majors and even bright high school students the first

eight chapters are mostly accessible to any educated reader the last two chapters and the two

appendices contain more advanced material such as the classification of motions hyperbolic

trigonometry hyperbolic constructions classification of hilbert  planes and an introduction to

riemannian geometry

one of the first college level texts for elementary courses in non euclidean geometry this

volumeis  geared  toward  students  familiar  with  calculus  topics  include  the  fifth  postulate

hyperbolicplane  geometry  and  trigonometry  and  elliptic  plane  geometry  and  trigonometry

extensiveappendixes  offer  background  information  on  euclidean  geometry  and  numerous

exercisesappear throughout the text reprint of the holt rinehart winston inc new york 1945
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edition

the russian edition of this book appeared in 1976 on the hundred and fiftieth anniversary of the

historic day of february 23 1826 when lobaeevskii delivered his famous lecture on his discovery

of non euclidean geometry the importance of the discovery of non euclidean geometry goes far

beyond the limits of geometry itself it is safe to say that it was a turning point in the history of

all mathematics the scientific revolution of the seventeenth century marked the transition from

mathematics  of  constant  magnitudes  to  mathematics  of  variable  magnitudes  during  the

seventies  of  the  last  century  there  occurred  another  scientific  revolution  by  that  time

mathematicians  had become familiar  with  the  ideas  of  non euclidean geometry  and the

algebraic ideas of group and field all of which appeared at about the same time and the later

ideas of set theory this gave rise to many geometries in addition to the euclidean geometry

previously regarded as the only conceivable possibility to the arithmetics and algebras of many

groups and fields in addition to the arith metic and algebra of real and complex numbers and

finally to new mathe matical systems i e sets furnished with various structures having no

classical analogues thus in the 1870 s there began a new mathematical era usually called until

the middle of the twentieth century the era of modern mathe matics

this book develops a self contained treatment of classical euclidean geometry through both

axiomatic and analytic methods concise and well organized it prompts readers to prove a

theorem yet  provides  them with  a  framework  for  doing  so  chapter  topics  cover  neutral

geometry euclidean plane geometry geometric transformations euclidean 3 space euclidean n

space perimeter area and volume spherical geometry hyperbolic geometry models for plane

geometries and the hyperbolic metric



Euclidean And Non Euclidean Geometries Greenberg Solutions

4 Euclidean And Non Euclidean Geometries Greenberg Solutions

in this book dr coolidge explains non euclidean geometry which consists of two geometries

based on axioms closely related to those specifying euclidean geometry as euclidean geometry

lies at the intersection of metric geometry and affine geometry non euclidean geometry arises

when either the metric requirement is relaxed or the parallel postulate is replaced with an

alternative one in the latter case one obtains hyperbolic geometry and elliptic geometry the

traditional non euclidean geometries when the metric requirement is relaxed then there are

affine planes associated with the planar algebras which give rise to kinematic geometries that

have also been called non euclidean geometry the essential difference between the metric

geometries is  the nature of  parallel  lines euclid  s fifth  postulate the parallel  postulate is

equivalent to playfair s postulate which states that within a two dimensional plane for any given

line l and a point a which is not on l there is exactly one line through a that does not intersect l

in hyperbolic geometry by contrast there are infinitely many lines through a not intersecting l

while in elliptic geometry any line through a intersects l another way to describe the differences

between these geometries is to consider two straight lines indefinitely extended in a two

dimensional plane that are both perpendicular to a third line in euclidean geometry the lines

remain at a constant distance from each other meaning that a line drawn perpendicular to one

line at any point will intersect the other line and the length of the line segment joining the

points of intersection remains constant and are known as parallels in hyperbolic geometry they

curve away from each other increasing in distance as one moves further from the points of

intersection with the common perpendicular these lines are often called ultraparallels in elliptic

geometry the lines curve toward each other and intersect

examines various attempts to  prove euclid  s  parallel  postulate by the greeks arabs and

renaissance mathematicians it considers forerunners and founders such as saccheri lambert
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legendre w bolyai gauss others includes 181 diagrams

there are many technical and popular accounts both in russian and in other languages of the

non euclidean geometry of lobachevsky and bolyai a few of which are listed in the bibliography

this geometry also called hyperbolic geometry is part of the required subject matter of many

mathematics departments in universities and teachers colleges a reflec tion of the view that

familiarity with the elements of hyperbolic geometry is a useful part of the background of future

high school teachers much attention is paid to hyperbolic geometry by school mathematics

clubs some mathematicians and educators concerned with reform of the high school curriculum

believe that the required part of the curriculum should include elements of hyperbolic geometry

and that  the optional  part  of  the curriculum should include a topic  related to  hyperbolic

geometry i the broad interest in hyperbolic geometry is not surprising this interest has little to

do with mathematical and scientific applications of hyperbolic geometry since the applications

for instance in the theory of automorphic functions are rather specialized and are likely to be

encountered by very few of the many students who conscientiously study and then present to

examiners  the  definition  of  parallels  in  hyperbolic  geometry  and  the  special  features  of

configurations of lines in the hyperbolic plane the principal reason for the interest in hyperbolic

geometry is the important fact  of  non uniqueness of  geometry of  the existence of many

geometric systems

examines various attempts to  prove euclid  s  parallel  postulate by the greeks arabs and

renaissance mathematicians ranging through the 17th 18th and 19th centuries it considers

forerunners  and  founders  such  as  saccheri  lambert  legendre  w bolyai  gauss  schweikart

taurinus j bolyai and lobachewsky includes 181 diagrams
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an introduction to non euclidean geometry covers some introductory topics related to non

euclidian geometry including hyperbolic and elliptic geometries this book is organized into three

parts encompassing eight chapters the first part provides mathematical proofs of euclid s fifth

postulate concerning the extent of a straight line and the theory of parallels the second part

describes some problems in hyperbolic geometry such as cases of parallels with and without a

common perpendicular this part also deals with horocycles and triangle relations the third part

examines single and double elliptic geometries this book will be of great value to mathematics

liberal arts and philosophy major students

renowned for its lucid yet meticulous exposition this classic allows students to follow the

development  of  non  euclidean  geometry  from a  fundamental  analysis  of  the  concept  of

parallelism to more advanced topics 1914 edition includes 133 figures

this book is a text for junior senior or first year graduate courses traditionally titled foundations

of geometry and or non euclidean geometry the first 29 chapters are for a semester or year

course on the foundations of geometry the remaining chap ters may then be used for either a

regular course or independent study courses another possibility which is also especially suited

for in service teachers of high school geometry is to survey the the fundamentals of absolute

geometry chapters 1 20 very quickly and begin earnest study with the theory of parallels and

isometries chapters 21 30 the text is self contained except that the elementary calculus is

assumed for some parts of the material on advanced hyperbolic geometry chapters 31 34 there

are over 650 exercises 30 of which are 10 part true or false questions a rigorous ruler and

protractor  axiomatic  development  of  the  euclidean  and  hyperbolic  planes  including  the

classification of  the isometries of  these planes is  balanced by the discussion about  this

development  models  such as taxicab geometry  are used exten sively  to  illustrate theory
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historical aspects and alternatives to the selected axioms are prominent the classical axiom

systems  of  euclid  and  hilbert  are  discussed  as  are  axiom  systems  for  three  and  four

dimensional absolute geometry and pieri s system based on rigid motions the text is divided

into three parts the introduction chapters 1 4 is to be read as quickly as possible and then

used for ref erence if necessary

non  euclidean  geometry  by  henry  parker  manning  is  a  comprehensive  exploration  of

geometrical systems that deviate from euclidean geometry challenging traditional notions of

space distance and parallel lines manning introduces readers to the fascinating world of non

euclidean geometries providing insights into their development principles and applications key

points manning introduces readers to the groundbreaking works of mathematicians like nikolai

lobachevsky jános bolyai and carl  friedrich gauss who pioneered the development of non

euclidean geometries revolutionizing our understanding of geometric principles and expanding

the boundaries  of  mathematical  thought  the  book delves  into  the  different  types  of  non

euclidean geometries such as hyperbolic and elliptic geometries presenting their distinctive

properties axioms and geometric constructions manning explores the implications of these

alternative geometries on concepts such as angles triangles and the nature of space itself non

euclidean geometry offers readers a captivating journey into the realm of abstract mathematics

challenging preconceived notions of geometric truth and illuminating the beauty and diversity of

mathematical  systems it  is  a  valuable  resource for  mathematicians students  and anyone

fascinated by the profound exploration of the nature of space and geometry

geometry by construction challenges its readers to participate in the creation of mathematics

the  questions  span  the  spectrum  from  easy  to  newly  published  research  and  so  are

appropriate for a variety of students and teachers from differentiation in a high school course
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through college classes and into summer research any interested geometer will find compelling

material back cover

non euclidean geometry is now recognized as an important branch of mathematics those who

teach geometry should have some knowledge of this subject and all who are interested in

mathematics will find much to stimulate them and much for them to enjoy in the novel results

and views that it presents this book is an attempt to give a simple and direct account of the

non euclidean geometry and one which presupposes but little knowledge of mathematics the

first three chapters assume a knowledge of only plane and solid geometry and trigonometry

and the entire book can be read by one who has taken the mathematical courses commonly

given in our colleges no special claim to originality can be made for what is published here the

propositions have long been established and in various ways some of the proofs may be new

but others as already given by writers on this subject could not be improved these have come

to me chiefly through the translations of professor george bruce halsted of the university of

texas i am particularly indebted to my friend arnold b chace sc d of valley falls r i with whom i

have studied and discussed the subject henry p manning contents pangeometry propositions

depending only on the principle of superposition propositions which are true for restricted

figures the three hypotheses the hyperbolic  geometry  parallel  lines boundary curves and

surfaces and equidistant curves and surfaces trigonometrical formulæ the elliptic geometry

analytic non euclidean geometry hyperbolic analytic geometry elliptic analytic geometry elliptic

solid analytic geometry historical notethe axioms of geometry were formerly regarded as laws

of thought which an intelligent mind could neither deny nor investigate not only were the

axioms to which we have been accustomed found to agree with our experience but it was

believed that we could not reason on the supposition that any of them are not true it has been
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shown however that it is possible to take a set of axioms wholly or in part contradicting those

of euclid and build up a geometry as consistent as his we shall give the two most important

non euclidean geometries 1 in these the axioms and definitions are taken as in euclid with the

exception of those relating to parallel lines omitting the axiom on parallels 2 we are led to three

hypotheses one of these establishes the geometry of euclid while each of the other two gives

us a series of propositions both interesting and useful indeed as long as we can examine but a

limited portion of the universe it is not possible to prove that the system of euclid is true rather

than one of the two non euclidean geometries which we are about to describe we shall adopt

an  arrangement  which  enables  us  to  prove  first  the  propositions  common to  the  three

geometries then to produce a series of propositions and the trigonometrical formulæ for each of

the two geometries which differ from that of euclid and by analytical methods to derive some of

their most striking properties we do not propose to investigate directly the foundations of

geometry nor even to point out all of the assumptions which have been made consciously or

unconsciously in this study leaving undisturbed that which these geometries have in common

we are free to fix our attention upon their differences by a concrete exposition it may be

possible to learn more of the nature of geometry than from abstract theory alone

a thorough analysis of the fundamentals of plane geometry the reader is provided with an

abundance of geometrical facts such as the classical results of plane euclidean and non

euclidean geometry congruence theorems concurrence theorems classification of isometries

angle addition trigonometrical formulas etc

this resource is devoted to finite and non euclidean geometric systems for secondary school

teachers and students
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this is a popular book that chronicles the historical attempts to prove the fifth postulate of euclid

on parallel lines that led eventually to the creation of non euclidean geometry to absorb the

mathematical  content  of  the  book  the  reader  should  be  familiar  with  the  foundations  of

euclidean geometry at the high school level but besides the mathematics the book is also

devoted to stories about the people brilliant mathematicians starting from pythagoras and euclid

and terminating with gauss lobachevsky and klein for two thousand years mathematicians tried

to prove the fifth postulate whose formulation seemed to them too complicated to be a real

postulate and not a theorem hence the title in the search for beauty but in the 19th century

they realized that such proof was impossible and this led to a revolution in mathematics and

then in physics the two final chapters are devoted to einstein and his general relativity which

revealed to us that the geometry of the world we live in is not euclidean also included is an

historical essay on omar khayyam who was not only a poet but also a brilliant astronomer and

mathematician

from nothing i have created a new different world wrote jános bolyai to his father wolgang

bolyai on november 3 1823 to let him know his discovery of non euclidean geometry as we call

it today the results of bolyai and the co discoverer the russian lobachevskii changed the course

of mathematics opened the way for modern physical theories of the twentieth century and had

an impact on the history of human culture the papers in this volume which commemorates the

200th  anniversary  of  the  birth  of  jános  bolyai  were  written  by  leading  scientists  of  non

euclidean geometry its history and its applications some of the papers present new discoveries

about the life and works of jános bolyai and the history of non euclidean geometry others deal

with geometrical axiomatics polyhedra fractals hyperbolic riemannian and discrete geometry

tilings visualization and applications in physics
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a versatile introduction to non euclidean geometry is appropriate for both high school and

college classes its first two thirds requires just a familiarity with plane and solid geometry and

trigonometry and calculus is  employed only in the final  part  it  begins with the theorems

common  to  euclidean  and  non  euclidean  geometry  and  then  it  addresses  the  specific

differences that constitute elliptic and hyperbolic geometry major topics include hyperbolic

geometry single elliptic geometry and analytic non euclidean geometry
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