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MAT 347 Groups, Rings, Fields

@Dror Bar-Natan = _(http://www.math.toronto.edu/~drorbn/) @Classes &
(http://www.math.toronto.edu/~drorbn/classes/) @2025-26 =
(http://www.math.toronto.edu/~drorbn/classes/#2526)

Instructor. Dror Bar-Natan _(http://www.math.toronto.edu/~drorbn/)_, drorbn@math.toronto.edu
(mailto:drorbn@math.toronto.edu)_(email for course administration matters only; math on email is slow
and prone to misunderstandings, so | generally avoid it). Office: Bahen 6178.

Teaching Assistants. Matt Koster (matthew.koster@mail.utoronto.ca
(mailto:matthew.koster@mail.utoronto.ca) ) and Jacob Taylor (jacobw.taylor@mail.utoronto.ca

(mailto:jacobw.taylor@mail.utoronto.ca) ).

Classes. Wednesdays 10-12 at SS1073 (fall) and BA1190 (spring) and Fridays 11-12 at GB248.

Office Hours. Wednesdays at 2-3 at BA6178 and at http://drorbn.net/vchat =
(http://drorbn.net/vchat)..

Tutorials. Fridays 1-2 at WO30 with Jacob and 2-3 at FE213 with Matt, starting September 12.

Text. Abstract Algebra, 3rd Edition by Dummit and Foote. The textbook is not required for the course,
but it is highly recommended. Older editions should be similar enough that they can be used.

Blackboard Shots. See https://drorbn.net/bbs/show.php?prefix=25-347 =
(https://drorbn.net/bbs/show.php?prefix=25-347)_.

Course Calendar

# Week of ...
Tuesday: UofT classes begin.
Wednesday: The Rubik's cube problem and the very basics about groups, partially
September following https://www.math.toronto.edu/~drorbn/Talks/Cambridge-1301 =
1 15p (https://www.math.toronto.edu/~drorbn/Talks/Cambridge-1301)..

Friday: Commutative and non-commutative Gaussian elimination. Blackboard shots
are here & _(https://katlas.math.toronto.edu/drorbn/bbs/show?prefix=25-347#250905-
122039)..

2 |September
8-12

Handout: About This Class (https://q.utoronto.ca/courses/398996/pages/about-this-

class)..
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#

Week of ...

Wednesday: More Non-Commutative Gaussian Elimination. Blackboard shots are
here 5> (https://katlas.math.toronto.edu/drorbn/bbs/show?prefix=25-347#250910-
104537)..

Thursday: HWO01 is on Crowdmark
(https://g.utoronto.ca/courses/398996/modules/1248110)_, with a PDF copy here &
(https://drorbn.net/AcademicPensieve/Classes/25-347-GroupsRingsFields/HWO01.pdf).. It
was due on Friday September 19 at 11:59PM.

Friday: An NCGE animation 5 (https://drorbn.net/AcademicPensieve/Classes/25-347-
GroupsRingsFields/Rubiks_Cube_Simulation_NCGE_wCredit.html) by Yudai Suzuki
using ChatGPT (see their dialog 5>_(https://chatgpt.com/share/68c2e80f-0410-800b-
9512-e06ac51659b4).).

Friday: The "hard theorem" of NCGE, a word on homomorphisms. Blackboard shots
are here 5>_(https://drorbn.net/bbs/show?prefix=25-347#250912-162522)..

September
15-19

Wednesday: Homomorphisms, conjugations, kernels, images, normal subgroups.
Blackboard shots are here 5> (https://drorbn.net/bbs/show?prefix=25-347#250917-
122511)..

Thursday: HWO02 is on Crowdmark
(https://q.utoronto.cal/courses/398996/modules/1248110)_, with a PDF copy here &>
(https://drorbn.net/AcademicPensieve/Classes/25-347-GroupsRingsFields/HW02.pdf).. It
was due on Friday September 26 at 11:59PM.

Friday: The quotient group construction. Blackboard shots are here s
(https://katlas.math.toronto.edu/drorbn/bbs/show?prefix=25-347#250919-131425)._.

September
22-26

Wednesday: The isomorphism theorems. Blackboard shots are here &>
(https://drorbn.net/bbs/show?prefix=25-347#250924-124835)..

Thursday: HWO03 is on Crowdmark
(https://g.utoronto.ca/courses/398996/modules/1248110)_, with a PDF copy here &
(https://drorbn.net/AcademicPensieve/Classes/25-347-GroupsRingsFields/HW03.pdf)._. It
was due on Friday October 3 at 11:59PM.

Friday: The second and third isomorphism theorems. Blackboard shots are here &>
(https://drorbn.net/bbs/show?prefix=25-347#250926-130015)..

September
29 -

Wednesday: Simple groups, signs of permutations, the simplicity of A,,. Handout on
The Simplicity of An: pdf & _(https://drorbn.net/AcademicPensieve/Classes/25-347-
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#

Week of ...

October 3

GroupsRingsFields/SimplicityOfAn.pdf)_, html &
(https://drorbn.net/AcademicPensieve/Classes/25-347 -

GroupsRingsFields/SimplicityOfAn.html) . Blackboard shots are here &>
(https://drorbn.net/bbs/show?prefix=25-347#251001-123324) .

Thursday: HW04 is on Crowdmark
(https://g.utoronto.ca/courses/398996/modules/1248110)_, with a PDF copy here &

(https://drorbn.net/AcademicPensieve/Classes/25-347-GroupsRingsFields/HW04.pdf).. |

was due on Friday October 10 at 11:59PM. Solutions sets (warning
(https://q.utoronto.cal/courses/398996/pages/solution-sets-warning)_): HW04Sol1
(http://drorbn.net/AcademicPensieve/Classes/25-347-
GroupsRingsFields/SS/HW04Sol1.pdf)..

Friday: The simplicity of the alternating groups, Jordan-Holder decompositions.
Handout on The Simplicity of A,,: pdf =
(https://drorbn.net/AcademicPensieve/Classes/25-347 -
GroupsRingsFields/SimplicityOfAn.pdf)_, html 5
(https://drorbn.net/AcademicPensieve/Classes/25-347 -

GroupsRingsFields/SimplicityOfAn.html) . Blackboard shots are here &>
(https://drorbn.net/bbs/show?prefix=25-347#251003-150045)._.

October 6-
10

Wednesday: Proof of Jordan-Holder, group actions. Blackboard shots are here &>
(https://drorbn.net/bbs/show?prefix=25-347#251008-130323)..

Thursday: HWO05 is on Crowdmark
(https://q.utoronto.cal/courses/398996/modules/1248110)_, with a PDF copy here &

(https://drorbn.net/AcademicPensieve/Classes/25-347-GroupsRingsFields/HWO05.pdf).. |

was due on Friday October 17 at 11:59PM.

Friday: More on group actions. Blackboard shots are here &
(https://drorbn.net/bbs/show?prefix=25-347#251010-131513)._.

October
13-17

Monday is Thanksgiving, UofT closed.

Wednesday: The Sylow Theorem, groups of order 15. Blackboard shots are here &>

(https://drorbn.net/bbs/show?prefix=25-347#251015-124816)..

Thursday: HWO06 is on Crowdmark
(https://g.utoronto.ca/courses/398996/modules/1248110)_, with a PDF copy here &

(https://drorbn.net/AcademicPensieve/Classes/25-347-GroupsRingsFields/HWO06.pdf)._. |

was due on Friday October 24 at 11:59PM.
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Week of ...

Friday: Proof of the Sylow Theorem. Blackboard shots are here &>
(https://drorbn.net/bbs/show?prefix=25-347#251017-223644)._.

October
20-24

Wednesday: Groups of order 21, semi-direct products. Blackboard shots are here &>
(https://drorbn.net/bbs/show?prefix=25-347#251023-062239)..

Friday: More semi-direct products. Blackboard shots are here &>
(https://drorbn.net/bbs/show?prefix=25-347#251024-151734)..

Friday: No tutorials.

October
27-31

Reading Week - no classes, no tutorials, no office hours.

November
3-7

Tuesday: Term Test 1 & (https://drorbn.net/AcademicPensieve/Classes/25-347-
GroupsRingsFields/25-347-TT1.pdf) took place at 7-9pm at EX310.

Wednesday: Groups of order 12, free groups, fundamental groups, and braids.
Blackboard shots are here s (https://drorbn.net/bbs/show?prefix=25-347#251105-
133920)..

Thursday: HWO7 is on Crowdmark
(https://g.utoronto.ca/courses/398996/modules/1248110)_, with a PDF copy here &>
(https://drorbn.net/AcademicPensieve/Classes/25-347-GroupsRingsFields/HWO07.pdf)._. It
is due on Friday November 14 at 11:59PM.

Friday: Finitely-generated Abelian groups and integer matrices. Blackboard shots are
here £ (https://drorbn.net/bbs/show?prefix=25-347#251107-162920)_. Notes by a
student (warning_(https://g.utoronto.ca/courses/398996/pages/solution-sets-warning)
): Notes_on_Finitely_Generated_Abelian_Groups
(http://drorbn.net/AcademicPensieve/Classes/25-347-
GroupsRingsFields/StudentNotes/Notes_on_Finitely_Generated_Abelian_Groups.pdf)..

10

November
10-14

Wednesday: Proof of the structure theorem for finitely generated Abelian groups.
Blackboard shots are here > (https://drorbn.net/bbs/show?prefix=25-347#251112-
125611)_. Notes by a student (warning

(https://q.utoronto.ca/courses/398996/pages/solution-sets-warning)

): Notes_on_Finitely_Generated_Abelian_Groups
(http://drorbn.net/AcademicPensieve/Classes/25-347-
GroupsRingsFields/StudentNotes/Notes_on_Finitely Generated Abelian_Groups.pdf)..
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MAT 347 Groups, Rings, Fields: MAT347Y1 Y LEC0101 20259:Groups, Rings and Fields

# |Week of ...
Thursday: HWO08 is on Crowdmark
(https://q.utoronto.cal/courses/398996/modules/1248110)_, with a PDF copy here &
(https://drorbn.net/AcademicPensieve/Classes/25-347-GroupsRingsFields/HW08.pdf)_. It
is due on Friday November 21 at 11:59PM.
Friday: Rings. Blackboard shots are here &> (https://drorbn.net/bbs/show?prefix=25-
347#251114-123913) .
Wednesday: Morphisms of rings, Cayley-Hamilton, ideals, quotients. Blackboard
shots are here & _(https://drorbn.net/bbs/show?prefix=25-347#251119-170131)..
Thursday: HWQ9 is on Crowdmark
11 November |(https://g.utoronto.ca/courses/398996/modules/1248110)_, with a PDF copy here &>
17-21 (https://drorbn.net/AcademicPensieve/Classes/25-347-GroupsRingsFields/HW09.pdf).. It
is due on Friday November 28 at 11:59PM.
Friday: Quotients, iso theorems, fields. Blackboard shots are here &>
(https://drorbn.net/bbs/show?prefix=25-347#251121-134443)._.
Wednesday: Fields and maximal ideals, domains and prime ideals. Blackboard shots
November |@re here 5>_(https://drorbn.net/bbs/show?prefix=25-347#251126-130848) ..
12
24-28 Friday: Primes and irreducibles. Blackboard shots are here &
(https://drorbn.net/bbs/show?prefix=25-347#251128-123904)..
December
1 - Fall Final Assessments (we do not have one) and Winter Holidays.
January 2
Wednesday: Class. Note that in the Winter semester the Wednesday classes meet at
BA1190!
13|Jan 5-9
Thursday: HW10 will likely be assigned.
Friday: Class and Tutorials.
Wednesday: Class.
14|Jan 12-16 |Thursday: HW11 will likely be assigned.
Friday: Class and Tutorials.
15/Jan 19-23 , . . :
Dror will be away this week and classes will be given by somebody else.
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MAT 347 Groups, Rings, Fields: MAT347Y1 Y LEC0101 20259:Groups, Rings and Fields

# |Week of ...

Wednesday: Class.
Thursday: HW12 will likely be assigned.

Friday: Class and Tutorials.

16/Jan 26-30

Wednesday: Class.

Friday: Class, Tutorials, and Dror's birthday.

17 Feb 2-6

Tuesday: Term Test 2 will take place at 7-9pm at EX320.
Wednesday: Class.
Thursday: HW13 will likely be assigned.

Friday: Class and Tutorials.

18|Feb 9-13

Wednesday: Class.
Thursday: HW14 will likely be assigned.

Friday: Class and Tutorials. It's Friday the 13th - you may want to be in Port Dover
&> _(https://www.pd13.com/) .

R |Feb 16-20

Reading Week - no classes, no tutorials, no office hours.

Monday is the last date to drop this course.

19 Feb 23-27

Wednesday: Class.
Thursday: HW15 will likely be assigned.

Friday: Class and Tutorials.

20/Mar 2-6

Wednesday: Class.

Friday: Class and Tutorials.

21/Mar 9-13

Wednesday: Class.
Thursday: HW16 will likely be assigned.

Friday: Class and Tutorials.
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# |Week of ...
Wednesday: Class.
22|Mar 16-20 | Thursday: HW17 will likely be assigned.
Friday: Class and Tutorials.
Wednesday: Class.
23|Mar 23-27 | Thursday: HW18 will likely be assigned.
Friday: Class and Tutorials.
Wednesday: Class.
Mar 30 - ,
24 Apr 3 Thursday is the last day of classes, yet see what happens next week.
Friday: Good Firday, UofT is closed.
Monday is UofT's makeup Friday. We will have class and tutorials as on usual
F |Mare-10 |Fridays.
Thursday: Examination Period begins.
F |Mar 13-17 |UofT Examination Period.
F |Mar 20-24 |UofT Examination Period.
Mar 27 -
F Apr 1 UofT Examination Period ends on Thursday.

Further resources:

+ The University of Toronto Faculty of Arts & Science Calendar
(https://artsci.calendar.utoronto.cal)..

Academic integrity Information for Students (https://www.artsci.utoronto.cal/current/academic-
advising-and-support/student-academic-
integrity#:~:text=Academic%20Integrity%20in%20the%20Faculty,%2C%20respect%2C%20responsibi
lity%20and%20courage.)..

My personal 1982 Algebra B1 £ (https://drorbn.net/AcademicPensieve/Classes/82-AlgebraB1/)
notebook (as a student, in Hebrew).

My personal 1983 Rings and Modules = (http://drorbn.net/AcademicPensieve/Classes/83-
RingsAndModules/index.html)_ notebook (as a student, in Hebrew).
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e My 2014 Core Algebra | &> (https://drorbn.net/?title=14-1100)_, 2011 Core Algebra | &=
(https://drorbn.net/index.php?title=11-1100)_, and 2010 Core Algebra | &=
(https://drorbn.net/index.php?title=10-1100) web pages (similar graduate classes).

e My 2008 MAT 401 = _(https://drorbn.net/index.php?title=08-401) and 2007 MAT 401 =
(https://drorbn.net/index.php?title=07-401) web pages (similar math majors classes).

o My personal 25-347-GroupsRingsFields &> (http://drorbn.net/AcademicPensieve/Classes/25-347-
GroupsRingsFields)_notebook.
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