Homotopy groups of spheres

T (51) =27 Tk (Sl) =0, for k>2 (1)
T (S") =2, m(5") =0, for k<n (2)

Homotopy groups of spheres

™ T2 T3 Ty s 6 7 8 ) 10 11 T2
stz o0 0o 0 0 0 0 0 0 0 0 0
52 0 Z  Zy Zy Zis Zs Zs Z3 Zis Zy  Zax Zy
s 0 0 Zz Zy Zin Iy Zs Zy Zis  Zy Zax
st 0 0 0 Z Zy Zx Ty ZoxZy ZaxZy ZuxZy Zis  Zo
50 0 0 0 Z Zy Zs Zy Zy Zs Zy Iy
% 0o 0o 0 0 0 Z Zs Zy Zo z Zs
5T 0 0 0 0 0 0 Z Zy Zs Zos 0
S50 0 0 0 0 0 0 Z Zo Zs Zoy 0
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Homotopy groups of Lie groups

Bott periodicity theorem for unitary groups: for k> 1,n > %

o) =misvo={ 5 {TE

SFFEAEE 7,(SU(n)) =0, 7 (U(n)) = 1

Homotopy groups of unitary groups

1 2 T3 T4 5 6 7 8 ™9 10 11 12
U(1) o 0 0 0 0 0 0 0 0 0 0
U@ o [o] Zo Zo T Zo Zo Zs Zis Zo Zo X Zo
v o o z [0 Zs
U4 0o 0 Z 0 Z
Uusy o o Z 0 Z 0 Z
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Homotopy groups of Lie groups

Bott periodicity theorem for orthogonal groups: for n > k+ 2

0, if k=24,5,6(mod8)
mk(O(n)) = m(S0(n)) =< Zz, if k=0,1 (mod8) (4)
Z, if k=3,7 (mod8)

Homotopy groups of orthogonal groups

T o) T T4 s 6 7 TS 9
50(2) Z 0 0 0 0 0 0 0 0
50(3) 0 Z Zy Zs Z1o Z Z Z3
SO(4) Zy (Z2)2 (Za)? (Z2)*? (Z12)% (Z2)* (Z2)*% (Z3)?
SO(5) Zo 0 A A 0 z 0 0
SO(6) Zy 0 Z z 0 Z Zoy Zy
SO0(n), n>6 Zo 0 Z 0 0 0
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Homotopy groups of Lie groups

- - . . . k71
Bott periodicity theorem for symplectic groups: for n > =

0, if k=0,1,2,6(mods)
m(Sp(n)) =< Zz, if k=4,5(mod8) (5)
Z, if k=3,7(mod8)

Homotopy groups of symplectic groups

T w2 T3 Ty 5 6 7 W8 M9 Mo Tl T12
Sp1)y o0 [0] Ziy Zy Zy Zs Zis Zo ZaX Iy
Sp(2) 0 0 Z Zy Zy [0] [0] Zio 22 Zox 2
Sp3) 0 0 Z Zy Z 0O Z 0 0
Sp4) 0 0 Z Zy, Z, 0 Z 0 0 0 Z Z
Sp(3) 0 0 Z Z Z 0 Z 0 0 0 Z Z
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Homotopy groups of real projective spaces

Real projective spacesRP" := S"/Z,

m (RPY) = Z
1 (RPn) :ZQ, for n22
Wk(RPn)ZWk(Sn), for k> 2

Homotopy groups of real projective spaces

m Ty T3 T4 T T 7 s el 0 T T2
RPL Z 0 0 0 0 0 0 0 0 0 0 0
RP2 2y Z Z 7o Z» Zi» 7o Z Z Zs Dy ZoxD
RP* Zy 0 Z Zy Zy Zin I 2 Zs s B BHxh
RPY Zy 0 Z 7y Zo ZxZw ZaxZs ZoxZa ZuxZs Zis o
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