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We work in the 2-primary components of homotopy groups of spheres. Let
N, V, 0, & V [, Ca K, p, W, 77*7 H, I/*a C? g, K, ¢7 Ps 57 M3, C37 9/7 K‘*a w*a P3
be the generators of 72 (1 < n < 31). This work begins with Toda: Compo-
sition methods in the homotopy groups of spheres, Ann. of Math. Studies,
49(1962) and was relayed by Mimura, Mori and Oda. Oda: Unstable homo-
topy groups of spheres, Inst. Adv. Res. Fukuoka Univ. 44(1979) determined
Ty g0 for 2 < n < 8. The purpose of this talk is to determine it for n > 9. The
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tool is the EHP sequence - -- —m)" )\ ——m)  ——7 0 ——T ) L o>

The stable group 73, is determined by Barratt-Mahowald-Tangora: Some
differentials in the Adams spectral sequence I, II, Topology, 6, 9(1967, 70)
7T§2 - {7747 [[QH; dlv 77‘]31} = (2’2)47 <027 n, 0-27777 02> C dy.

The key step is to find the unstable elements corresponding to [[¢]], d;.
According to Kochman: Homotopy groups of stable homotopy groups, Lecture
Note on Math. 1423(1990), (5,0,v,n) is taken as a representative of dj.

Lemma. . There exists an element Viig € 719 such that H (Vi) = vigRao
and VR corresponds to [[q]]. 2. There exist the relations w1403, = 114037,
¢130-36 € {5’13, 039, Vgg} mod C37131/40 = 80'13p20 and an element 5’14 such that

W14 0§0
014 € , Mg (matriz Toda bracket),
H(G14) = 697 mod 4(y; and ¢ € (7,0,v,n). Here the extension o3 and
coextenstion Dsg with respect to ozg are taken satisfying 13 © U39 = 113036
and 77397’]43 =0.

In the following result, the notation a—f stands for H(a) = (.

Theorem. 7T?2)4 = {722530_277772531/11/%14,7721//56/%14’ 772¢'1/228} =~ (22)4;
03— 503 mod vs(s, ¢'—>¢5 mod 4dvsks, P Pps—ay.
s = { ¢/ 0o, V'NsETR15, U3 3028} = Ly B (ZLa)?; p3z3—p"—4Co.
a6 = {va0”, a0 €1akan, Va0 w145y, VadrV3y, vatizesFie, (B¢ )0,
(EV')nreskie, Haa0a0t = Zs @ (ZLo)* © Ly ® (Z2)*; 6" — 13 mod 4vi3kss.
Tay = {¢" 030, Ustis€oFat, 35030} = ZLs ® (Zo)*; ¢'—03.



7T§8 = {G<(J2)7 P(013R20),P(EA?),P((EA&D)U%), (E¢")os1, 36031} = Zg®
Zy® (Z2)* ® Ls ® Loy G(()Z)—>C3,11 mod 2(311; (35—>8p9; P9—16p17;
All—wy3 mod  a931130, Agl)—mgg mod Vi, 723E04.

mao = {0/ 13,14, 0'Mao 1520, (B2 ) 032, i3 7032} = (Zo)* @ Zs D Zs.

7Tffo = {085150337 UBU*IHSL Oglt3,15, O8N15/416033, (EU/)M3,15, (EU/)7715016ﬂ23;
(E2¢")033, 38033} = Zg ® (Zs)* & Zs & Ls.

T = {00&16034, O9fs,16, O Nasfiod, 39034} = Lg & (Zo).

719 = {[t10, P10), VR10, 010&17035, 103,17} = Zng D Ls D Ly B Ls.

Wigl) = {VR11, 0111318, 011&18036, NKag } = (Za)*, N —eay.

7T44 = {0Ra4, &12050, VR12, 0124319, (EXN K30} = (Zo)°.

7T45 = {)\Kgl, (E@),‘igg,, 5130'31, l/lilg, 0'13[13 20} = (ZQ) )\—)V25.

Tie = {C*, 614, VR4, (EX)Ks2, 1403, Orapisor} = Zg @ (Lo)°;
{¢, 8b38, 203811 2 ¢ —>C27 HlOd 2Co7; ¢F—Cor mod 2(y7.

7747 = {V’f157015777 77317# EC (E )‘)53275150337015% 22} = (Z2) ;
{n 2L39, 803911 > p* —”729#307 1 —n204t30- ~

7T48 = {VK1s, 016, 77167 M6 Vighads 167132033 (En*')nékz, EM*”7 E2¢, (Eg)‘)"‘f%a 516032,47
016:“3,23} > (Z2)"2; {16, 2010, 8040 }1 D Wig—r[a1; [ie—>Hs1-

7T49 = {vkar, 5177771‘37,%?, Vi7K3s, ﬁf7033P34,f17032,5, U17M3,24} = (Z2)8-

71%8’ = {[t1s, 18], E1s, VR1s, 018, E18056, O1sftz 25} = Lo ®La®(ZLo)*; E15—E3s5.

7T51 = {19, VFR19, 0197519037, O19326} = Ly & (Zo)*.

n+32 - {Env VEn, On, Op i3, n+7} = (ZQ) (TL = 20, 21).

w2 = {¢" V/f22,€22,022,022u3 20} = Zs ® (Zs)*;
{le22, L22] 774377744‘746}1 5 (" —Qs mod 2(y;3.

7T55 = {7 923ﬁ53,€23, VKa3, 023, 02313, 30} = (Zz) AT, 2047, 80471 D Y — s fas.

7T56 = {92477547E77 11480 49, NVag, 1", €24, Vfi24,024,024ﬁb3 31} = (Z2) ;
77—>7747, {7, 2L48,80'48}1 S 0t — gy mod 03049, Vi

7T57 = {(En)n49050, (En)V49,E77 V/€2570257025HJ3 32} = (Zz) .

ng = {[L267 026] VK6, 026, U26M3,33} Z6 D (Zz) .

T g9 = {VEn, Opy Ontiz ety = (Zs)? (n = 27,28,29).

ng = {774,307ﬁ30, 030, U30M3,37} =7Zs @ (Zz)g; Na,30—V59.

mer = {Naz1, 0" Va1, 031, 0311338} = (Z2)®; {041, 461,61 11 D 07—,

Toz = {Na32, 0%, (32, M32], VRs2, T32, 0otz 30t = (Z2);
{055, 2062, 62 }1 2 055 —16s3-

Tas = {Nu33, 043, VRs3, 033, 03330} = (Z)°.

7T2+32 = {U&naﬁm Em O'n,u3,n+7} = (Z2)4; 9:{ = Man mod V_’?@n; 5‘m OnH3,n+75
n > 34.



