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24-327 Topology on September 5, Hours 2-3: The Basic Definitions.
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24-327 Topology on September 10, Hour 4: Basis for a Topology. Find BBS volunteers!

Read Along: Munkres sections 12-14, preread 15-16. Update on waiting list.
HW2 on web by midnight!
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24-327 Topology on Thursday September 12, Hours 5-6: The order topology, induced topologies.
Read Along: Munkres sections 15-16, Preread 17.
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24-327 Topology on Tuesday September 17, Hour 7: Induced topologies, closed sets.
Read Along: Munkres sections 17-18, preread 19-20.
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24-327 Topology on Thursday September 19, Hour 8-9: Closed sets, T2 spaces, continuous functions..
Read Along: Munkres sections 17-18, preread 19-20.
Office hours moving to Tuesdays 9:30-10:30.

Clost) ctts D6
2 L AJle ﬂfﬁ/iﬁ/%"ﬂj j Co wit Gl byan
a

ool chosed s
D cont=> Flcleqs ) s cose tﬁpmij’i;;?
= semple WM b 4 g ket Sifs g Dt e enoas
of Choid Intrtlet O =[5, 7). £ vemoe Tt cp
mdle 5 From avery ik~vil )y £,
f:;/mﬂj = iiCﬂ
Execlds, | C hac “%my%” O
2. C i wncomnbsd K e My Clopn Sudsry
3. deert File,/) ke, Pe)w Ay=(,
Nix)so Y=t

Clost ) (1 o~ subspece | Cliged n cla) 15 <ol
Clsun W in e, A= b X /2 = mtA
é@_@ A ofien @7/45?/}MJ’ Ackad ez A=cls
Exercise @)C jm [ 14 WZS,“@)
Propostiy SCEA |FF eviry (Lase) add of “ jntersuk A,
Qﬁ Livt gt X eq <= € /A 2 A Vg /o
of X cofnrs ~ pt oF A ofler ot = dslp

—_—

{Lm A ;AV/}/

—_—_—

Aot g




Cﬁmf/\q Tn o T2 Spnce XK
[ ¢ (/)0:\@7[_8 a Cﬁ?gdd'
2. deAl e LWy nhd of € e mfm%&é
/‘/]f/)’lj /WL—‘» @‘ﬁ /4

2, A CQQL/\Q/WC(, Cont/f/(j@_c 74:» A:]L W)’JL o ,f/)ﬂ/;y

@ ﬂfoo{“(jzﬁ o T2 Wl T, Stfméj/qca_j nya ’7;

AL T

Contiuas Punctons  THAE fo— £ X Y
i £ ls cont
2. RE)<TE)”
3. P Wy c foce iz £UE) 15 chesal
Y, Lor L xeX be pby S of L) Il
U of = ¢4 FlU)cV
e |=2 xed, Tats n a2 U of Fa), Then
Py ) A 7S, so PA)FES  so Ax)ellA)
2=3 Lt A=£B), Tha £&E)=FET8) ==
ce Ach oo A 15 clsd
32| Y<=2) Jenc




24-327 Topology on Tuesday September 24, Hour 10: T2 spaces, continuous functions..
Read Along: Munkres sections 17-18, preread 19-20.
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24-327 Topology on Thursday September 26, Hours 11-12: Continuous functions, infinite products.
Read Along: Munkres sections 18-19, preread 20-21.
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~24-327 Topology on Tuesday October 1, Hour 13: Infinite products, metric spaces
Read Along: Munkres sections 19-20, preread 21.
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24-327 Topology on Thursday October 3, Hours 14-15: Metric spaces. b/m/ 5/u/ bily l/l/
Read Along: Munkres sections 19-22, preread 23-24. —_— -L*/
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24-327 Topology on Tuesday October 8, Hours 16: Metric spaces and products, quotient spaces..
Read Along: Munkres sections 19-22, preread 23-24.

No corridor question after class today - 'l have to run to the dentist.
TT info: A week ahead.

You walk due east starting from Toronto (latitude 43.65) and going on a straight line ("geodesic").
How many km until you'll hit the equator?
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https://drorbn.net/24-327/ap/TTInfo.pdf

Dear All,
Some notes about the upcoming Term Test.

The test will take place on Wednesday October 16 at 7-9pm. If your last name falls within the interval [A,O) using the
dictionary order, go to Bahen room 1180. If it’s in the interval [0,Zz], go to Bahen 1220.

It will be a "closed book" exam: no books and no notes of any kind will be allowed, no cell-phones, no calculators, no
devices of any kind that can display text. So only stationary will be allowed, as well as minimal hydration and snacks, and
stuffed animals for joy and comfort.

The material for the test is everything that was covered in class until and including the class of Thursday October 10,
unless it was clearly indicated as “extra” at the time that it was covered. Here "everything" means every bit of class
material (including every single proof) and anything that was assigned as homework. It does not include material
covered only in tutorials because such material differs between the different tutorial groups.

The style of the test will be "solve the following 6 questions", or maybe 5 or 8. Some of the questions will be about
classroom material, like proving something that was proven in class. Some will be taken from the HW assignments, and
some will be fresh.

The best way to study for the test is to make sure that you understand absolutely everything (same "everything" as
before). Make a long list of definitions and lemmas and theorems, and make sure that you know every single one. Go
over every homework exercise and make sure that you know how to solve it perfectly.

Neatness counts! Language counts! The ideal written solution to a problem looks like a page from a textbook; neat and
clean and consisting of complete and grammatical sentences. Definitely phrases like “there exists” or “for every” cannot
be skipped. Lectures are mostly made of spoken words, and so the blackboard part of proofs given during lectures often
omits or shortens key phrases. The ideal written solution to a problem does not do that.

Also useful, though less, is to go over old exams. You can find a couple at https://drorbn.net/index.php?title=10-
327/Term Test and at https://www.math.toronto.edu/~drorbn/classes/18-327-Topology/TT.html (that one has a
discussion about how | write exams — it remains valid).

You may also want to familiarize yourself with the physical shape of the test. See my template at
https://drorbn.net/AcademicPensieve/Classes/24-327-Topology/24-327-TT-Template.pdf, but not that the number of
guestions may change and that the Crowdmark QR codes are not yet installed. It will be printed double sided to make a
10-16 pages booklet.

The TAs and | will hold some extra office hours before the test, as follows (a separate message with room details will be
sent once the rooms are fixed):

e On Friday October 11 at 2-4pm with Brinda at Bahen 2179.
e On Tuesday October 15 at 9:30-11:30am and at 5-7pm with Dror at TBA.
e On Wednesday October 16 at 2-5pm with Kai at TBA.

Good luck!

Dror.



24-327 Topology on Thursday October 10, Hours 17-18: Quotient spaces, connectedness. ér ~ /(ﬂg /)
Read Along: Munkres sections 22-24, don't preread. TT info online! ,L(yzz
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24-327 Topology on Tuesday October 15, Hour 19: Connectedness. /
TT tomorrow! Make sure to read drorbn.net/24-327/ap/TTInfo.pdf! Study! bo ot
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24-327 Topology on Thursday October 17, Hours 20-21: Connectedness path connectedness, compactness.
Read Along: 23-24. Read ahead: 26-27.
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24-327 Topology on Tuesday October 22, Hour 22: Compactness.
Read Along: 26-27. HW6 on web by midnight! TT results hopefully on Thursday.
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24-327 Topology on Thursday October 24, Hours 23-24: Compactness.
Read Along: 26-27. TT discussion. New volunteer for blackboard shots!
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Term Test results.
Dear Students -

The results of the term test are in and will be distributed within an hour or so. They are similar to what | expected them to be, with a
class average of 79 and a median grade of 87. |n fact, here is the full list of marks obtained in this test: 11 26 27 35 35 37 42 43 46
48 49 51 51515354 54 55 576161626768 7071737577 787879 798081828283 8484 858585858687 87 888989
8990909091 91.592 93 93 93 94 94 94 94 94 94 94 94 94 94 94 94 95 95 95 95 98 99 100 100 100 100 100 100 100 100 100
100100 100 100.

How should you read your grade?

If you got 100 you should pat yourself on your shoulder and feel good.

If you got something like 90, you're doing great. You made a few relatively minor mistakes; find out what they are and try to avoid
them next time.

If you got something like 80, you're doing fine but you did miss something significant, probably more than just a minor thing. Figure
out what it was and make a plan to fix the problem for next time.

If you got something like 60 you should be concerned. You are still in position to improve greatly and get an excellent grade at the
end, but what you missed is quite significant and you are at the risk of finding yourself far behind. You must analyze what
happened - perhaps it was a minor mishap, but more likely you misunderstood something major or something major is missing in
your background. Find out what it is and try to come up with a realistic strategy to overcome the difficulty!

If you got something like 30, most likely you are not gaining much from this class and you should consider dropping it, unless you
are convinced that you fully understand the cause of your difficulty (you were very sick, you really couldn't study at all for the two
weeks before the exam because of some unusual circumstances, something like that) and you feel confident you have a fix for
next time. If you do decide to drop the class, don't feel too bad about it - it's one of the most abstract math classes here at UofT,
and it really is tough.

Note that problems with writing are problems, period. Perhaps you got a low grade but you feel you know the material enough for a
high grade only you didn't write everything you know or you didn't it write well enough or the silly graders simply didn't get what you
wrote (and it isn't a simple misunderstanding - see "appeals" below). If this describes you, don't underestimate your problem. If you
don't process and resolve it, it is likely to recur.

Solution Sets. There will be no "official" solution set, yet students are encouraged to submit the solutions to be placed on the
class's web site, in a manner similar to the solutions for the HW assignments.

Appeals. Remember! We try hard yet grading is a difficult process and mistakes always happen - solutions get misread, parts are
forgotten, etc. You must read your exam and make sure that you understand how it was graded. If you disagree with anything,
don't hesitate to complain! (Though first consider very carefully the possibility that the mistake is actually yours). Your first stop
should be the person who graded the problem in question, and only if you can't agree with him you should appeal to Dror (within a
day or two).

Brinda marked questions 1 and 3, Kai questions 2 and 5, and Dror question 4. The deadline to start the appeal process is
Thursday November 7 at 5PM. Once you've started the process by talking to Dror or to one of the TAs, it ends when a final
decision is made, with no deadline.

Best,

Dror.



24-327 Topology on Tuesday November 5, Hour 25: Uniform Continuity; then with great pain, "algebraic topology".
HW®6 due 11:59pm, HW7 to be assigned by midnight.

Read Along: 26-27. Read Ahead: 51-55.
Our final: Mon Dec 16 2-5pm at KC Knox
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Dror Bar-Natan: Classes: 2024-25: MAT 327
Introduction to Topology: What We Miss

Tychonoff's theorem, the Stone-Cech
compactification, ultrafilters, generalized
limits, miracles.
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Dror Bar-Natan: Classes: 2024-25: MAT 327
Introduction to Topology: What We Miss

Tychonoff's theorem, the Stone-Cech
compactification, ultrafilters, generalized
limits, miracles.
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Dror Bar-Natan: Classes: 2018-19: MAT 327 Introduction to Topology:
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24-327 Topology on Thursday November 7, Hours 26-27: The Fundamental Group \pi_1: 327->347.
Read Along: 51-55.
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24-327 Topology on Tuesday November 12, Hour 28: The Fundamental Group \pi_1: 327->347.

HW7 due at 11:59pm, HW8 online by midnight.
Read Along: 51-55.
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Q2 Image/PDF question #I \/\/% 30 points

F

If X and Y are topological spaces, we say that two continuous functions Fy : X — Yand F} : X — Y are
homotopic if there exists a continuous function H : X x I — Y such that forall z € X, H(z,0) = Fy(z) and
H(z,1) = Fi(z). In that case, we write Fy ~ F}.

(a) Prove that the relation ~ is an equivalence relation.

(b) If yis a path in X and if F' : X — Y is continuous, we define a path in Y by F,~ := F' o «. Show that if
and «y; are path homotopic in X then F,~yg and F,~y; are path homotopicin Y.

(c) Prove thatif F; : X —- Y and G; : Y — Z are continuous fortz = 0,1, and if ¥ ~ F} and Gy ~ Gy,

then Gy o Fy ~ G o F}. =
Q3 Image/PDF question 20 points
Recall that ST = {z € R? : |z| = 1} is the unit circle in R%. &

With the same language as in the previous question, we say that a path-connected topological space X is

simply connected if every continuous function A : S — X is homotopic to a constant function.

Show that a path-connected X is simply connected if and only if any two paths 7y and 7y in X that have the
same endpoints (namely, 49(0) = 71 (0) and (1) = 71 (1)) are path homotopic. =

Q4 Image/PDF question 30 points

Recall that S2 = {z € R? : |&| = 1} is the unit sphere in R?. It is well known (and can be used freely) that S2

with one point removed is homeomorphic to R?.

(a) Show that any continuous Ag : ST — S? which is not surjective is homotopic to a constant function.
(Warning. There actually exist continuous surjective maps Ag : ST — S2! If you don't believe, web-search

"Peano Curve" and complete the missing details on your own).
(b) Show that any continuous A : ST — S?2 is homotopic to a continuous Ag : ST — 82 which is not surjective.

(c) With the same language as in the previous exercise, deduce that S? is simply connected.



24-327 Topology on Thursday November 14, Hours 29-30: The Fundamental Group \pi_1: 327->347.
Read Along: 51-55.
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24-327 Topology on Tuesday November 19, Hour 31: The Fundamental Group \pi_1: 327->347.
HW 8 is due at 11:59, HW9 online by midnight.
Read Along: 51-55.
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1. The two definitions of coverings are equivalent.

—— 2. \phiis-additive.
3. Lifting for simply connected spaces.




24-327 Topology on Thursday November 21, Hours 32-33: \pi_1: 327->347, \pi_1(S"1), categories and functors.
https://15puzzle.netlify.app/ on screen!
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24-327 Topology on Tuesday November 26, Hour 34: \pi_1 is a functor, retracts, Brouwer.
HW9 is due at 11:59pm, HW10 online by midnight.
All Final Exam issues on Thursday!
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24-327 Topology on Thursday November 28, Hours 35-36: Three Theorems.
Brinda: OH Fri Dec 13 10-1 @ grad lounge.

_ Dror: No OH Dec 3, yes on Dec 10. Study marathon on Sun Dec 15 10-5
More at drorbn.net/24-327/ap/FEInfo.pdf
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