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1 Define ⇡n(X).

T n(X)= group whose
elementsa r e j : S"→ X , u pt o

homotopy equiv.
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2 Show that ⇡n(X) is an Abelian group, if n > 1. ( Iillustrate fo rn= D
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3 Discuss a number of other useful properties of ⇡n(X):

I ) Tn(X) does not dependo n * o
(basepoint) i f pathconnected

(2)
Tin(X)= Tn(Y) i f X & Y a r e

homotopy equivalent

3) Tip(XXV)= Tin(X)x Tinly)↳all proved similarly t o what w e
d i d fo rp i
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4) i f K i s a universalcover [XING], then;
• IT,(X)= G
• IT,(X)= Talk)
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4 Argue that ⇡n(Sn) = Z.

Depict f o r n=2:
g :52→ 52I E IT,(X) [uniting'T
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5 Calculate ⇡2(T2), ⇡2(RP2), and ⇡2(S2 ⇥ S2).

T h(52×52) I#3%(54×+2152)= 2 × 2
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6 Describe what kinds of defects can be classified by ⇡1(X), ⇡2(X) and
⇡3(X) in three dimensions.



7 A nematic liquid crystal has order parameter space RP2. Using that
⇡3(RP2) = Z, propose a non-trivial topological defect in 3 dimensions
corresponding to ⇡1, ⇡2 and ⇡3.


