CORRECTIONS TO
Introduction to Topological Manifolds
(Second Edition)

BY JOHN M. LEE
UPDATED NOVEMBER 7, 2019

(2/25/18) Page xii, last paragraph: Allen Hatcher’s name is misspelled. (Sorry, Allen.)

(2/14/15) Page 23, Exercise 2.6, first line:xChange “collection of topologies” to “nonempty collection of
topologies.”

(6/24/19) Page 26, just above Exercise 2.1ZReplace the last sentence of the paragraph by “Symbolically,
this is denoted by; — x.”

(6/18/19) Page 27, paragraph before Proposition 2.19Just before the last sentence of that paragraph, insert
“(Continuity of the restriction of a function to an open subset is underdimbe with respect to the
topology described in Exercise 2.5.)"

(3/8/16) Page 27, last line:Change two occurrences ofto y in the displayed equation, so it reads

(flv,) W) ={yeV: f(y) €Ut = fTHU)NVx,

(9/26/19) Page 31, second paragraph below the section heading, secondteane: Change “two points” to
“two distinct points.”

(6/24/19) Page 32, just above Exercise 2.38nsert the following sentence: “In view of the preceding propo-
sition, in a Hausdorff space we can wrjte= lim;_,, p; as an alternative notation fgr — p.”

(5/17/12) Page 37, three lines from the bottomChange “Exercise 2.49” to “Example 2.49.”

(11/26/15) Page 53, part (c) of the proposition continued from the previous age: Insert another “if” after
“if and only.”

(7/14/18) Page 58, second displayReplacek by k/2 (twice) and! by //2 (twice). [The tangent and cotan-
gent functions have periad, not2x.]

(9/26/19) Page 60, last paragraphin this paragraph and in the first one on page 61, change all subssript
ton’s (a total of four times).

(9/26/19) Page 61, Proposition 3.31, part (c)ChangeX, to X,,.

(3/23/12) Page 67, Example 3.52, second sentencghange this sentence to read “Lebe the equivalence
relation onX such thatz; ~ a; for all a;,a, € A andx ~ x for all otherx € X; the partition ... .”

(5/17/12) Page 67, Example 3.53, last lineChangeB” to B" 1.

(7/17/19) Page 70, Example 3.66, first paragraph, next-to-last lineChanged to %0.

(10/7/11) Page 74, line 5:Change this statement to reafis'a set, X Uy Y isthe digoint union....” [The
topology onX U ¢ Y is not the disjoint union topology.]

(6/18/19) Page 75, proof of Theorem 3.79, second paragrapttarting with the sentence beginning “By
shrinking ...,” replace the rest of the paragraph with the following: “Byirking U and V if
necessary, we may assume th&r NdN) = U NdM. Then we can write the coordinate maps
asp(q) = (po(9). ¢1(¢)) andy(q) = (Yo(q), ¥1(q)) for some continuous maps:U — R,
¢1:U = [0,00), ¥o: V — R"™1 yr1:V — [0,00). Our assumption that andy are boundary points
means thap; (x) = Y1 (y) = 0, and there are open subséks Vo € R”~! such thaipg(U NOM) =
Uo, Yo(V NaM) = Vy. (Here we are again using the theorem on invariance of the bounddigr) A
replacingU nnd V' by the preimages oy x [0,00) and 1 x [0,00), respectively, we can also
assume thall < Uy x [0, 00) andV < V x [0, 00).

(6/18/19) Page 76, display in the middle of the pageChangey” to y, (twice).

(7/16/11) Page 76, last paragraph of the proof of Theorem 3.791n the second line of the paragraph,
change “embedding a¥” to “embedding ofM .” In the fourth line, change “embedding 8" to
“embedding ofN .

(8/8/17) Page 87, Exercise 4.3insert “nonempty” before “connected.”

(8/23/11) Page 87, Exercise 4.4Insert another “if” after “if and only.”
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(8/23/11) Page 88, proof of Proposition 4.9, fourth paragraph: In the first sentence of that paragraph,
change “open subsets lof,, . 4 B.” to “open subsets ok’ whose union containg), ¢ 4 Bs.”
(8/23/11) Page 97, line 10ChangeB,,, (a) to By, ..(X).
(3/9/11) Page 98, line 3 from bottom:Change “this proposition” to “this lemma.”
(11/11/13)Page 104, proof of Proposition 4.60At the end of the first paragraph, chan8g,)(x) < U; to
By x)(x) € U;. [Without this change, it might not be the case tiBatoversM .]
(8/23/11) Page 106, line 3 from the bottom:Change “countable union” to “countable intersection.”
(8/23/11) Page 109, statement of Lemma 4.74nsert another “if” after “if and only.”
(7/19/15) Page 110, next-to-last lineChangeM to X .
(8/23/11) Page 114, proof of Corollary 4.83:This proof is incorrect. Replace it with the following: “Given a
closed subsett € X and a neighborhooldf of 4, Lemma 4.80 shows that there is a neighborhood
V of A such thatV’ € U. By Urysohn’s lemma, there exists a continuous functfark — [0, 1]
such thatf =1 on4 and f = 0 on X ~ V. This function satisfies supp< V C U, so it is the
bump function we seek.”
(6/17/19) Page 119, statement of Proposition 4.93(bAdd the hypothesis that is Hausdorff.
(10/24/19) Page 119, proof of Proposition 4.93, second paragraphChange the first sentence to read “To
prove (b), assum& is a second countable Hausdorff space &nd Hausdorff, and suppose ...."
Then replace the sentence beginning “Suppose on the contrary” bglwing: “Suppose on the
contrary tha(x;) is a sequence ih with no convergent subsequenceinBecausg’ is Hausdorff,
K is closed and therefore sois which means thaty; ) has no convergent subsequenc&’in
(8/23/11) Page 121, proof of Lemma 4.94Replace the last two sentences of the proof with the following:
“Thusx liesinthe closure offi N K in K. Becaused N K is closed inK, it follows thatx e AN K C
A
(8/23/11) Page 123, Problem 4-15(d)Change “every connected neighborhood” to “every neighborhood.”
(9/16/11) Page 126, Problem 4-30Change{Aq} t0 { Xy }acAa-
(1/20/11) Page 133, proof of Proposition 5.7This should refer to Problem 5.8, not 5.7.
(5/17/12) Page 136, four lines below the displayed equation€hange “bothX;, _, andX,”_, are open” to
“pboth X, andX, are open.”
(1/20/11) Page 137, statement of Lemma 5.13hange tiscrete’ to “ closed and discrete.”
(1/20/11) Page 137, proof of Lemma 5.13, first paragraph:In line 1, change “discrete” to “closed and
discrete”; and in line 2, change “discrete subset” to “closed discretesilib
(1/20/11) Page 137, proof of Theorem 5.14, second paragrapiChange “infinite discrete subset” to “infinite
closed discrete subset.”
(7/17/19) Page 140, displayed formulasin both displayed formulas, changeto [0, 1].
(9/16/11) Page 141, line 5 from the bottom:Changel/ ! to U2+ (twice).
(2/5/13) Page 141, line 4 from the bottom:Change “the minimum” to “one-half the minimum.”
(2/5/13) Page 141, line 3 from the bottom:Change “supported iﬂD,’,’“(s/Z)” to “supported ianJrl ~
DRt (e/2)"
(7/17/19) Page 143, proof of Proposition 5.24, last paragraphChangel/ Neq to U Ney.
(7/24/19) Page 145, second paragraphChangee, to ¢; twice (once in the first line, and once in (5.1)).
(7/122/19) Page 146, Case 1, second paragrapkhangeY, to Y,, (twice).
(3/24/11) Page 156, Problem 5-4add the hypothesis that dibf > 1.
(5/27/17) Page 158, second sentenc®eplace this sentence by “More generally, suppkisie a finite Eu-
clidean simplicial complex ana is a point inR” such that each ray startingatintersect§ K | in
at most one point.”
(11/7/19) Page 165, Example 6.7After the second sentence, add “(The disks should be chosen sodfrat th
closures are disjoint.)”
(9/16/11) Page 172, first paragraph, next-to-last lineChangeP; L1 Q to P; L1 Q.
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(9/16/11) Page 176, Fig. 6.21The labelb near the lower right should he and the labelv near the middle
of the right-hand side should be

(5/20/18) Page 180, Proposition 6.20:In the statement of the proposition, change “compact surface” to
“connected compact surface.” Then in the second sentence of thi gihange both occurrences of
“surface” to “connected compact surface.”

(11/5/17) Page 181, first full paragraph: Replace the sentence starting with “However” by “However, we
will prove in Chapter 10 that a compact surface cannot have both amedig@resentation and a
nonoriented one.”

(2/26/18) Page 181, Problem 6-4Replace the first sentence by “Suppddeis a compack-manifold that
contains a subsd® C M that is homeomorphic to the dbius band, and whose interior is homeo-
morphic to the Mbbius band minus its boundary.”

(9/16/11) Page 190, line 3 from the bottom:Changed, (/) to @4[ f].

(1/20/11) Page 193, proof of Proposition 7.16, second paragraph, line £Zhange ‘H; = f"to“ H; = ]7

(8/3/18) Page 201, Corollary 7.38:This corollary should be moved after the statement of Theorem 7.40.
(11/25/12) Page 211, line 6Delete redundant “each.”
(7/9/15) Page 215, Problem 7-9Change “connected” to “path-connected.”

(5/31/16) Page 221, Theorem 8.4Remark: This theorem is true without the assumption #hags locally
connected, and the proof is not really any more difficult; see, for exartdgproof of Theorem 1.7
in [Hat02].

(7/22/19) Page 222, first paragraph:Change{Jq,..., Jy} to {J1,...,Jm}.

(1/20/11) Page 224, two lines above the subheadin@hangefp(1) to f1(0).

(1/20/11) Page 228, displayed equations (8.4Replace these equations by

degp = dedpy © ¢)«,
degy = dedpy o ¥ )«.

(7/13/15) Page 230, Problem 8-5Replace the last sentence of the hint by the following: “Prove phaf:
andp,(z) = z" are homotopic as maps froft to C ~ {0}. If p has no zeros, use degree theory to
derive a contradiction.”

(7/13/15) Page 231, Problem 8-10(c)Change “index ofl’ around the loopw” to “winding number ofV/
around the loow.”

(9/16/11) Page 239, fourth line below the section headingZhange “generated by” to “generated bys .”

(7/28/16) Page 244, fourth line below the section headingChange: € Z ton € N.

(7/28/16) Page 247, Example 9.22, last linefhe formula forG,, should beGior = {0} X Z / k1 X -+ X Z [ kyy,.

(11/28/17)Page 252, just above diagram (10.2)Change “the following diagram commutes” to “the right half
of the following diagram commutes.”

(7/29/19) Page 256, statement of Theorem 10.Thange “spaces” to “path-connected spaces.”

(7/29/19) Page 257, last paragraph, second sentenc€hange that sentence to read “If two or more edges
are incident with the same two vertices, or if two or more self-loops are incidih the same
vertex, they are calledhultiple edges.

(9/16/11) Page 263, line 2Changel/ NV to ¢(D ~{z}).

(8/2/13) Page 268, lines 2 & 3Change “preceding corollary” to “preceding theorem.”

(11/5/17) Page 268, statement of Corollary 10.24Change the statement té tompact surface cannot have
both an oriented presentation and a nonoriented one.”

(5/23/11) Page 269, line below equation (10.7)nsert missing comma after “surjective.”

(7/8/14) Page 275, Problem 10-21(c)Delete “with nonempty intersection.”

(8/27/18) Page 278, second line below the headingefore “disjoint union,” insert “nonempty.”

(7/29/19) Page 279, second lineChange “Theorem 4.15” to “Proposition 4.13.”

(5/31/16) Page 282, Theorem 11.1Remark: This theorem, like Theorem 8.4, is true without the assumption
that B is locally connected.

(5/17/12) Page 302, Problem 11-5, first lineChange “dimension” to “dimensionn > 2.”

(8.4)
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(11/6/19) Page 303, Problem 11-9Add the hypothesis that the spaces are nonempty.
(12/10/15) Page 303, Problem 11-12(c)Change (1,0) or (—1,0)" to “1 or —1” [to be consistent with the
complex notation used elsewhere fh].
(5/17/12) Page 305, Problem 11-20At the end of the problem, add: “For the counterexample, you may use
without proof the fact tha$? is not contractible. (This follows, for example, from Corollary 13.11
and Theorem 13.23.)"
(2/25/18) Page 312, last sentence of the paragraph after Exercise 12.18llen Hatcher's name is mis-
spelled.
(7/8/14) Page 315, paragraph above the displayed diagramAfter “ Q is a normal covering map,” insert
“and H = Autg (E).”
(7/8/14) Page 315, just below the displayed diagramReplace the last two paragraphs on page 315 and the
first (partial) paragraph on page 316 with the following:
We have to show thdtis a covering map. Let € X be arbitrary, and lel/ be a neighborhood of
x that is evenly covered hy. We will show thatl is also evenly covered hby. Given a component
U; of g1 (U), letU; = Q(U;) € E; thenU; is connected, and it is open iy because) is an open
map (Proposition 11.1). Suppoe = Q(U;) andﬁj = Q(U,) are any two such sets. If they have
a pointe in common, there = Q(e;) = Q(e;) for somee; € U; ande; € U;. SinceQ identifies
points of E if and only if they are in the samA -orbit, there is some € H such thak; = ¢(e;).
Theng(U;) = U, by Proposition 12.1(c), s@(U;) = Q c@(U;) = Q(Uj). This shows that any
such setdJ;, (7, are either disjoint or equal. Sina® is surjectiveg ! (U) is equal to the disjoint
union of the connected open sétsasU; ranges over the componentScpTl ).
It remains only to show that for any such €ét the restricted mag: U; — U is a homeomor-
phism. The following diagram commutes:

U;
\Q
q /0,- (12.3)
q

U.

Sinceg = g o Q is injective onU;, soisQ; andQ:U; — U is surjective by definition. Becauggis
an open map, it follows tha®: U; — Uiisa homeomorphism. SingeandQ are homeomorphisms
in (12.3), so igj.

(9/27/11) Page 318, statement of Proposition 12.21, second linesert “on” after “acting.”

(9/23/14) Page 321, line 4ChangeE x E to E.

(9/27/11) Page 329, paragraph just below the diagramChange every occurrence pfto g (five times).

(9/27/11) Page 330, just below the bulleted listChangep to 4.

(9/27/11) Page 332, first full paragraph, second lineChangep to g.

(9/27/11) Page 332, second full paragraph, lines 6 and Thangep to g (twice).

(9/16/14) Page 335, Problem 12-10Interchange the definitions @ and H in the sixth and seventh lines.
(Otherwise, part (c) is false as stated.)

(10/12/14)Page 337, Problem 12-19Replace the first sentence of the problem with the following: “Suppose
we are given a continuous action of a metrizable topological group (e.gsceete group)s on a
first countable Hausdorff spadg”

(7/22/19) Page 349, line 3ChangeA , to A, 1.
(9/27/11) Page 352, lines 3 and 4Changec), to ¢, (twice), and change to g (twice).
(7/22/19) Page 352, next-to-last lineChanger, to ¢, (twice), and change to g (once).

(12/15/17)Page 354, paragraph above the last displayinsert “of some reparametrization” after “extension

of the circle representative.”
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(7/22/19) Page 360, proof of Lemma 13.201in the second line of the displayed equation, chafgg to
Fi,p+1-

(7/22/19) Page 361, first line of text:Change € R*” to “C R".”

(10/8/15) Page 370, line 5 from the bottom:Change “It follows ...” to "AssumingX is path-connected, it
follows ...."

(10/8/15) Page 371, at the end of the first (partial) paragraph:Insert “If X is not path-connected, just
apply this argument to the path component containing the imagearid use Proposition 13.5.”

(9/26/17) Page 371, statement of Theorem 13.34(eChange “dimensiom” to “dimensionn > 2,” and
change “the zero map” to “not injective.”

(9/26/17) Page 372, proof of Theorem 13.34, last paragrapiChange “ifp. = 0" to “if ¢ is injective.”

(9/26/17) Page 372, Example 13.35(b), last lin€Change “the zero map” to “noninjective.”

(9/29/17) Page 372, Example 13.35(c)Replace the last sentence by “The imageofs the infinite cyclic
group generated by(a? ...a2), Sog is injective andH, (M) = 0.

(9/26/19) Page 399, next-to-last lineChangex € X tox € M;.

(12/26/18) Page 401, line 4 from the bottom:Change “subset” to “nonempty subset.”
(10/7/19) Page 402, Exercise C.1Change “any subset” to “any nonempty subset.”
(6/6/18) Page 411, near the middle of the pageThe index entry forR should read “(normal closure of a

subset).”

(2/25/18) Page 422:The index entry for “Hatcher, Allen” is misspelled.



