


Algebra with Galois Theory 



Courant Lecture Notes 
in Mathematics 

Executive Editor 
Jalal Shatah 

Managing Editor 
Paul D. Monsour 

Assistant Editor 
Reeva Goldsmith 

Copy Editor 
Marc Nirenberg 



Emil Artin 
Notes by Albert A. Blank 

15 Algebr a with Galois Theory 

Courant Institute of Mathematical Science s 
New York University 
New York, New York 

American Mathematical Societ y 
Providence, Rhode Island 

http://dx.doi.org/10.1090/cln/015



2000 Mathematics  Subject  Classification.  P r i m a r y 12-01 , 12F10 . 

Library o f Congres s Cataloging-in-Publieatio n D a t a 

Artin, Emil , 1898-1962 . 
Algebra wit h Galoi s theor y /  E . Artin , note s b y Alber t A . Blank . 

p. cm . —  (Couran t lectur e note s ;  15 ) 
ISBN 978-0-8218-4129- 7 (alk . paper ) 
1. Galoi s theory . 2 . Algebra . I . Blank , Alber t A . I L Title . 

QA214.A76 200 7 
512—dc22 200706079 9 

Printed i n th e Unite d State s o f America . 

© Th e pape r use d i n thi s boo k i s acid-fre e an d fall s withi n th e guideline s 
established t o ensur e permanenc e an d durability . 

Visit th e AM S hom e pag e a t ht tp: / /www.ams.org / 

10 9  8  7 6 5  4  3 2  1 2 1 1 1 0 



Contents 

Editors' Note 

Chapter 1 . Group s 
1.1. Th e Concept of a Group 
1.2. Subgroup s 

Chapter 2. Ring s and Fields 
2.1. Linea r Equations in a Field 
2.2. Vecto r Spaces 

Chapter 3. Polynomials . Factorization into Primes. Ideals. 
3.1. Polynomial s over a Field 
3.2. Factorizatio n into Primes 
3.3. Ideal s 
3.4. Greates t Common Divisor 

Chapter 4. Solutio n of the General Equation of nth Degre e 
Extension Fields. Isomorphisms. 

4.1. Congruenc e 
4.2. Extensio n Fields 
4.3. Isomorphis m 

Chapter 5. Galoi s Theory 
5.1. Splittin g Fields 
5.2. Automorphism s of the Splitting Field 
5.3. Th e Characteristic of a Field 
5.4. Derivativ e of a Polynomial: Multiple Roots 
5.5. Th e Degree of an Extension Field 
5.6. Grou p Characters 
5.7. Automorphi c Groups of a Field 
5.8. Fundamenta l Theorem of Galois Theory 
5.9. Finit e Fields 

Chapter 6. Polynomial s with Integral Coefficient s 
6.1. Irreducibilit y 
6.2. Primitiv e Roots of Unity 

Chapter 7. Th e Theory of Equations 
7.1. Rule r and Compass Constructions 



VI CONTENTS 

7.2. Solutio n of Equations by Radicals 9 4 
7.3. Steinitz ' Theorem 10 4 
7.4. Tower s ofFields 10 7 
7.5. Permutatio n Groups 11 2 
7.6. Abel' s Theorem 12 1 
7.7. Polynomial s of Prime Degree 12 3 



Editors' Note 

Beeause what was in 1947 "modern" has now become Standard, and what was 
then "higher" has now become foundational, we have retitled this volume Algebra 
with Galois Theory from the original Modern Higher Algebra. Galois Theory. 

Jalal Shatah, Executive Editor 
Paul Monsour, Managing Editor 
August 2007 
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