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1 (�$_ A g2 p Steenrod �n, S �eK?% p ��℄. Serre N
 [1] `X/� n �K- Sn %}&O πn+rS
n g?�O (r > 0). ! n > r + 1 b, πn+rS

n ∼= πn+r+1S
n+1,jq πrS, w%itg�n�>%W#Æy[2. Adams ?)�git πrS %2JG?�L�, B E2 �� A %Z},O: E

s,t
2

∼= Exts,tA (Zp,Zp) ⇒ πt−sS, H Adams �A�
dr : Es,t

r
→Es+r,t+r−1

r (r > 2).N Adams ?)�`, X2nGr xi ∈ E
s,t
2 ?<9)i�, PNK-�-}&O`�$"2n?<9}&�Gr fi ∈ π∗S, �b� fi �= xi ∈ E

s,t
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274 o , 9 � A e 39 ��2�, _ γ : Σ(p2+p+1)qV (2) → V (2) � v3-:℄, �?V�-8.{' 1.1 (n [5]) 1A t > 1, p > 7, q = 2(p− 1), γ-Gr γt -8���C[:℄%}&�
γt = jj′jγtii′i ∈ πtp2q+(t−1)pq+(t−2)q−3S.{� 1.1 (n [5]) 1A t > 1, p > 7, γt ∈ π∗S g?<9%Gr.4H, �
 [6] �Z, N Adams ?)�`, γt ∈ π∗S �=*Y��k4�Grn γ̃t ∈

Ext∗,∗A (Zp,Zp) �e, �HN May ?)�`, γ̃t �=Gr t(t − 1)(t − 2)at−3
3 h3,0h2,1h1,2 �e. N
 [7] `, E2-� Ext1,∗A (Zp,Zp) �?V�% Zp-b:

a0 ∈ Ext1,1A (Zp,Zp), hi ∈ Ext1,p
iq

A (Zp,Zp) (i > 0).

Ext2,∗A (Zp, Zp) �? Zp-b:

α2, a
2
0, a0hi (i > 0), gi (i > 0), ki (i > 0), bi (i > 0),hihj (j > i+ 2, i > 0),)m7�nA� 2q + 1, 2, piq + 1, 2piq + pi+1q, 2pi+1 + piq, pi+1q, piq + pjq, B`

q = 2(p− 1).

Aikawa yeA λ-�nit� Ext3,∗A (Zp,Zp), �z���
 [8].N
 [9] `, �<?<9%*5 Adams �Aq�gYmW, f:d2(hi) = a0bi−1 (p >

2, i > 0), Cohen 6��?<9Grn ξi ∈ π(pi+1+1)qS (i > 0).N�
`, �<gY<7, 2n"%�-}&O`%?<9Gr6�6�. }b, �
%wS1q
 [10] `u$d0wS�2��P. d0wSV�:{� 1.2 _ p > 7, n > 3, 0 6 s < p− 3, P
0 6= γ̃s+3 l̃ng0 ∈ Ext

s+8,pn+1q+2pnq+(s+3)p2q+(s+3)pq+(s+3)q+s

A (Zp,Zp)N Adams ?)�`g;�-^, �Hi�"K-�-}&O
πpn+1q+2pnq+(s+3)p2q+(s+3)pq+(s+3)q−8S`?<9Gr γs+3σn.3 1.1 VZ-� 1.2 `u$%"?<9GrN π∗S `g��Ax%, 1fDGr�g π∗S `Bv(�nGr%C[. Tg9� g0 ∈ Ext2,pq+2q

A (Zp,Zp) N Adams ?)�`p+, f??!%5u�A: d2(g0) = b0α̃2 ∈ Ext4,pq+2q+1
A (Zp,Zp).3 1.2 w[�
X
 [4] `%<7, "2J?<9Gr�d γ̃s+3gng0 (s > p) }/1��X/g;�-^Hi�"K-�-}&O`%?<9Gr.
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X/`u<%gYmW�g
 [11] `K�%?<9%*5 Adams�A. t��,N §2 `�K�NA Ext OX May ?)� E1-�%F�Z, Q\`N §3 `K�d0-� 1.2 %X/.

2 May �#
 E1- � Ext �z)r.�N�v`, k�m0z\NA May ?)�%	0F�Z, Tgit Adams ?)�
E2-� Ext∗,∗A (Zp,Zp) %No.=
 [12, -�3.2.5]�Z, �N May?)� {Es,t,∗

r , dr}i�" Exts,tA (Zp,Zp), B E1−�X May �A�
E

∗,∗,∗
1 = E(hi,j | i > 0, j > 0)⊗ P (bi,j | i > 0, j > 0)⊗ P (ai | i > 0),

dr : Es,t,M
r → Es+1,t,M−r

r (r > 1),B` E( ) �e��n, P ( ) �e3�d�n, �H
hi,j ∈ E

1,2(pi
−1)pj ,2i−1

1 , bi,j ∈ E
2,2(pi

−1)pj+1,p(2i−1)
1 , ai ∈ E

1,2pi
−1,2i+1

1 .X x ∈ Es,t,∗
r , y ∈ Es′,t′,∗

r ,P dr(xy) = dr(x)y+(−1)sxdr(y)(r > 1),B` xy = (−1)ss
′+tt′yx,

x, y = hi,j , bi,j a ai. *2 May �A=�dK�:

d1(hi,j) = −
∑

0<k<i

hi−k,k+jhk,j ,

d1(ai) = −
∑

06k<i

hi−k,kak,

d1(bi,j) = 0.1AS7Gr x ∈ E
s,t,∗
1 , -8 dimx = s, deg x = t, P





dimhi,j = dim ai = 1, dim bi,j = 2;

deg hi,j = 2(pi − 1)pj = (pi+j−1 + · · ·+ pj)q;

deg bi,j = 2(pi − 1)pj+1 = (pi+j + · · ·+ pj+1)q;

deg ai = 2pi − 1 = (pi−1 + · · ·+ 1)q + 1;

deg a0 = 1, B` i > 1, j > 0.

(2.1)�� 2.1 (n [13]) _ t = q(cnp
n + cn−1p

n−1 + · · · + c1p + c0) + e gVUn, B`
0 6 ci < p (0 6 i 6 n− 1), 0 < cn < p, 0 6 e < q, s gVUnH)m 0 < s < p. X1A3
j (0 6 j 6 n), ? s < cj , PN May ?)�`, Es,t,∗

1 = 0.�-qK�2JNA(� Ext O%0wS.�� 2.2 _ p > 7, n > 3, tq = pn+1q + 2pnq, P
(1) Ext2,tq+rq−u

A (Zp,Zp) = 0 (r = 2, 3, 4, u = 1, 2),

Ext3,tq+q
A (Zp,Zp) ∼= Zp{h0gn},
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Ext3,tq+1

A (Zp,Zp) ∼= Zp{a0gn},

Ext3,tq−q
A (Zp,Zp) = 0,

Ext3,tq+kq+r−1
A (Zp,Zp) = 0 (k = 2, 3, 4, r = 0, 1),

Ext3,tq+kq+r−2
A (Zp,Zp) = 0 (k = 1, 2, 3, r = 0, 1).

(2) Ext4,tq+rq+u
A (Zp,Zp) = 0 (r = 2, 3, 4, u = −1, 0 a r = 3, 4, u = 1),

Ext4,tq+q
A (Zp,Zp) ∼= Zp{h0 l̃n},

Ext4,tqA (Zp,Zp) = 0.

(3) Ext5,tq+rq+1
A (Zp,Zp) = 0 (r = 1, 3, 4),

Ext5,tq+rq
A (Zp,Zp) = 0 (r = 2, 3),

Ext5,tq+2q+1
A (Zp,Zp) ∼= Zp{α̃2 l̃n},

Ext5,tq+2
A (Zp,Zp) ∼= Zp{a

2
0l̃n},

Ext5,tq+1
A (Zp,Zp) = 0., (1) w[
 [7] X
 [8], �< Exts,∗A (Zp,Zp) (s = 1, 2, 3)% Zp-b, w( (1)5X/.

(2)N2 pn+1q78�,$May?)� E1-�`�G%*5�n,B` 0 6 j 6 n+1.

deg hs,j = (ps+j−1 + · · ·+ pj)q (mod pn+1q), 0 6 j < s+ j − 1 < n+ 1,

= (pn + · · ·+ pj)q (mod pn+1q), 0 6 j < s+ j − 1 = n+ 1;

deg bs,j−1 = (ps+j−1 + · · ·+ pj)q (mod pn+1q), 1 6 j < s+ j − 1 < n+ 1,

= (pn + · · ·+ pj)q (mod pn+1q), 1 6 j < s+ j − 1 = n+ 1;

deg aj+1 = (pj + · · ·+ 1)q + 1 (mod pn+1q), 0 6 j < n+ 1,

= (pn + · · ·+ 1)q + 1 (mod pn+1q), j = n+ 1.1A m = tq+ rq+ u (0 6 r 6 4,−1 6 u 6 2) = 2pnq+ rq + u (mod pn+1q), ;�+5!*5�n��A tq + pq %9i, �$" E
w,tq+rq+u,∗
1 (4 6 w 6 5) %`�G`�8%9i�

a0, a1, h1,0, h1,n+1, h1,n, h2,n, b1,n, b1,n−1, b2,n−1.9�, =�n�Z
E

4,tq+rq+u,∗
1 = 0 (r = 3, 4, u = 1);

E
4,tq+rq+u,∗
1 = 0 (r = 2, 3, 4, u = −1, 0);

E
4,tq,∗
1 = Zp{b1,n−1b2,n−1};

E
4,tq+q,∗
1 = Zp{h1,0h1,nb2,n−1, h2,nb1,n−1h1,0}.N May ?)�`, =A d1(b1,n−1h2,nh1,0) 6= 0, P E4,tq+q

r = Zp{b2,n−1h1,nh1,0} (r > 2).4H, N May ?)�` h2,nh1,nh1,0 g;�-^Hi�" h0gn ∈ Ext3,∗A (Zp,Zp), Ag
dr(E

3,tq+q,∗
r ) = 0 (r > 1), u4 b2,n−1h1,nh1,0 �g dr-
J, H?<9)i�" h0 l̃n."�, Ext4,tqA (Zp,Zp) = 0, Tg9� E

4,tq,∗
1 = Zp{b1,n−1b2,n−1}, B` b1,n−1 i�"
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bn−1, 4N Ext2,∗A (Zp,Zp) `, ��NC b2,n−1 ∈ E
2,pn+1q+pnq,∗
1 �N%Gr.

(3) CZ�q, =A�n%I9, 5?V�wS:

E
5,tq+q+1,∗
1 = Zp{a1b1,n−1b2,n−1, a0h1,0h2,nb1,n−1, a0h1,0b2,n−1h1,n};

E
5,tq+rq+1,∗
1 = 0 (r = 3, 4);

E
5,tq+rq,∗
1 = 0 (r = 2, 3);

E
5,tq+2q+1,∗
1 = Zp{a1h1,0b2,n−1h1,n, h2,nb1,n−1h1,0a1};

E
5,tq+2,∗
1 = Zp{a

2
0h1,nb2,n−1, a20h2,nb1,n−1};

E
5,tq+1,∗
1 = Zp{a0b1,n−1b2,n−1, a0h1,n−1h1,nh1,n+1}.N May ?)�`, =A4��A%?<9&,

d1(a1b1,n−1b2,n−1) = −a0h1,0b1,n−1b2,n−1 6= 0,

a0h1,0h2,nb1,n−1 = −d1(a1h2,nb1,n−1),

a0h1,0b2,n−1h1,n = −d1(a1h2,n−1h1,n),

E
5,tq+q+1,∗
1 %`�G/�`#�" Adams ?)�% E2-�, 9� Ext5,tq+q+1

A (Zp,Zp) = 0."�, C (1) `X/�q, �Z drE
4,tq+2,∗
r = 0. 9� E

5,tq+2,∗
1 %`�GN May ?)�`i�" a20 l̃n.=A d1(h2,nb1,n−1h1,0a1) 6= 0, P E5,tq+2q+1

r = Zp{b2,n−1h1,nh1,0a1}(r > 2). 4H,

h2,nh1,nh1,0a1 N May ?)�`g;�-^Hi�" α̃2gn (g7" a1h1,0 N May ?)�`g;�-^Hi�" α̃2 ∈ Ext∗,∗A (Zp,Zp)), Ag dr(E
4,tq+2q+1
r ) = 0(r > 1). 9�,

b2,n−1h1,nh1,0a1 �g dr-
J, H?<9)i�" α̃2 l̃n.=A a0, b1,n−1, h1,n, h1,n+1 N May ?)�`/g;�-^, HAi�" a0, bn−1,

hn, hn+1, 5$ a0b1,n−1h1,nh1,n+1 N May?)�`g;�-^Hi�" a0bn−1hnhn+1 =

0. 4=
� [7] �Z d2p−1(b2,n−1) = b1,nh1,n− b1,n−1h1,n+1, Ag d2p−1(a0b2,n−1b1,n−1) 6=

0, 9� Ext5,tq+1
A (Zp,Zp) = 0.�� 2.3 _ p > 7, n > 3, 0 6 s < p− 3, r > 1, P May ?)� E1-�
E

s+8−r,t+1−r,∗
1 =

{
Zp{h2,nh1,na

s
3h3,0h2,0h1,0h1,2h2,1}, r = 1;

0, Bv,B` t = pn+1q + 2pnq + (s+ 3)p2q + (s+ 3)pq + (s+ 3)q + s., ! r > s + 2, 5X/ May ?)� E1-� E
s+8−r,t+1−r,∗
1 = 0. 4��>l-

1 6 r < s+ 2.$ h = x1x2 · · ·xm ∈ E
s+8−r,t+1−r,∗
1 , B` xi g ak, hi,j , bu,z `%S72Gr,

0 6 k 6 n+ 2, 1 6 i+ j 6 n+ 2, 1 6 u+ z 6 n+ 1, z, j, k > 0, i, u > 0. l-
deg xi = q(ci,n+1p

n+1 + ci,np
n + · · ·+ ci,1p+ ci,0) + ei,



278 o , 9 � A e 39 �B` ci,j = 0 a 1, X xi = aki
, P ei = 1, BP ei = 0. Ag�$

deg h =

m∑

i=1

deg xi

= q
(( m∑

i=1

ci,n+1

)
pn+1 + · · ·+

( m∑

i=1

ci,2

)
p2 +

( m∑

i=1

ci,1

)
p+

( m∑

i=1

ci,0

))
+
( m∑

i=1

ei

)

= q(pn+1 + 2pn + (s+ 3)p2 + (s+ 3)p+ (s+ 3)) + s+ 1− r,

dim h =

m∑

i=1

dimxi = s+ 8− r.g7" dimhi,j = dim ai = 1, dim bi,j = 2, 1 6 r < s+ 2 H 0 6 s < p− 3, =
dimh =

m∑

i=1

dimxi = s+ 8− r,Ag? m 6 s+ 8− r < p+ 5− r 6 p+ 4.= ei = 0 a ei = 1, 5$�'d m∑
i=1

ei 6 m 6 p+ 3. �+��0 s+ 1 − r > 0. BP,�< 1 6 r < s+ 2 X p > 7, �$V��'d
m∑

i=1

ei = q + (s+ 1− r) > q − 1 = 2p− 2− 1 = 2p− 3 > p+ 3,TC m∑
i=1

ei 6 m 6 p+ 3 *2.�< 0 6 s+ 3, s+ 1− r < p X p-�_Q
, �?





m∑
i=1

ei = s+ 1− r;

m∑
i=1

ci,0 = s+ 3;

m∑
i=1

ci,1 = s+ 3;

m∑
i=1

ci,2 = s+ 3;

m∑
i=1

ci,3 = λ3p;






m∑
i=1

ci,4 + λ3 = λ4p;

...
m∑
i=1

ci,n−1 + λn−2 = λn−1p;

m∑
i=1

ci,n + λn−1 = 2 + λnp;

m∑
i=1

ci,n+1 + λn = 1,

(2.2)

B` λj > 0, 3 6 j 6 n.$*�J'd m∑
i=1

ci,3 = λ3p, =A ci,3 = 0 a 1, �H m 6 p+ 3, 5$ λ3 = 0 a 1.�! 1 λ3 = 0.0. λ4 = 0. VS λ4 = 1, �?V�%'d
m∑

i=1

ci,2 = s+ 3,
m∑

i=1

ci,3 = 0,
m∑

i=1

ci,4 = p.= m∑
i=1

ci,2 = s+ 3 X (2.1) d, h `q? s+ 3 J9i)m
deg xi = q(p %H�,�+ p2 + p %(�,�) + δi (δi = 0 a 1).
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i=1

ci,4 = p X (2.1) d, h `? p J9i)m
deg xi = q(p %H�,�+ p4 + p %(�,�) + δi (δi = 0 a 1).9�, = m 6 p+ 3 X (2.1) d, h `^[? p+ s+ 3− (p+ 3) = s J9i)m

deg xi = q(p %H�,� + p4 + p3 + p2 + p+ p %(�,�) + δi (δi = 0 a 1).Ag,
m∑
i=1

ci,3 > s, TC m∑
i=1

ci,3 = 0 *2. 0.$X.1 j �%Q6l_, �$ λj = 0 (3 6 j 6 n− 1).g7" λn−1 = 0,�$ λn = 0a λn = 1. VS λn = 1,P m∑
i=1

ci,n = p+2,
m∑
i=1

ci,n+1 = 0,Ag h = h
p+2
1,n h′ a h = b

p+2
1,n−1h

′. =A h = h
p+2
1,n = 0 X b

p+2
1,n−1 ∈ E

2(p+2),∗,∗
1 = 0, u4 h��N.VS λn = 0, 1f λj = 0(3 6 j 6 n), P?






m∑
i=1

ei = s+ 1− r;

m∑
i=1

ci,0 = s+ 3;

m∑
i=1

ci,1 = s+ 3;

m∑
i=1

ci,2 = s+ 3;

m∑
i=1

ci,3 = 0;






m∑
i=1

ci,4 = 0;

...
m∑
i=1

ci,n−1 = 0;

m∑
i=1

ci,n = 2;

m∑
i=1

ci,n+1 = 1.

(2.3)

9�
b1,nb1,n−1h1,n, h2,nh1,n, h2,nb1,n−1, b2,n−1h1,n,

b1,n−1b2,n−1, b1,nb
2
1,n−1, h1,n+1b

2
1,n−1, h1,n+1h1,nb1,n−1g h `�8�U%Gr. = E

∗,∗,∗
1 %r_&, �?V��e:

h1 = x1x2 · · ·xm−3b1,nh1,nb1,n−1, h′

1 = x1x2 · · ·xm−3 ∈ E
s+3−r,t(r),∗
1 ,

h2 = x1x2 · · ·xm−3b1,nb
2
1,n−1, h′

2 = x1x2 · · ·xm−3 ∈ E
s+2−r,t(r),∗
1 ,

h3 = x1x2 · · ·xm−3h1,n+1b
2
1,n−1, h′

3 = x1x2 · · ·xm−3 ∈ E
s+3−r,t(r),∗
1 ,

h4 = x1x2 · · ·xm−2h2,nh1,n, h′

4 = x1x2 · · ·xm−2 ∈ E
s+6−r,t(r),∗
1 ,

h5 = x1x2 · · ·xm−2h2,nb1,n−1, h′

5 = x1x2 · · ·xm−2 ∈ E
s+5−r,t(r),∗
1 ,

h6 = x1x2 · · ·xm−2b2,n−1h1,n, h′

6 = x1x2 · · ·xm−2 ∈ E
s+5−r,t(r),∗
1 ,

h7 = x1x2 · · ·xm−2b2,n−1b1,n−1, h′

7 = x1x2 · · ·xm−2 ∈ E
s+4−r,t(r),∗
1 ,

h8 = x1x2 · · ·xm−3h1,n+1h1,nb1,n−1, h′

8 = x1x2 · · ·xm−3 ∈ E
s+4−r,t(r),∗
1 ,B` t(r) = (s+ 3)p2q + (s+ 3)pq + (s+ 3)q + s+ 1− r.$" h′

1 %�n, = s + 3 − r <
m−3∑
i=1

ci,2 = s+ 3 X1y 2.1, �$ h′

1 ��N. }�,

h′

2 X h′

3 1��8�N.1A h′

5, h
′

6, h
′

7 X h′

8, ��NSY`�G.
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4, ! r = 1 b, �8%�2`�Gg as3h3,0h2,0h1,0h1,2h2,1. 9�
h = h2,nh1,na

s
3h3,0h2,0h1,0h1,2h2,1.�! 2 λ3 = 1.X r > 5, P�? m 6 s + 8 − r < p + 5 − r 6 p. = m∑

i=1

ci,3 = λ3p, 5�� λ3��8'A 1. 9�, N�J$ 2 %BBx(`, l- r 6 4. = m∑
i=1

ci,4 + 1 = λ4p X
0 6

m∑
i=1

ci,4 6 m 6 p+ 3, �$� λ4 = 1. 1 j pQ6l_, �$ λj = 1(4 6 j 6 n− 1).g7" λn−1 = 1, �$ λn = 0 aS λn = 1. X λn = 0, �?





m∑
i=1

ei = s+ 1− r;

m∑
i=1

ci,0 = s+ 3;

m∑
i=1

ci,1 = s+ 3;

m∑
i=1

ci,2 = s+ 3;

m∑
i=1

ci,3 = p;






m∑
i=1

ci,4 = p− 1;

...
m∑
i=1

ci,n−1 = p− 1;

m∑
i=1

ci,n = 1;

m∑
i=1

ci,n+1 = 1.

(2.4)

X λn = 1, �$




m∑
i=1

ei = s+ 1− r;

m∑
i=1

ci,0 = s+ 3;

m∑
i=1

ci,1 = s+ 3;

m∑
i=1

ci,2 = s+ 3;

m∑
i=1

ci,3 = p;





m∑
i=1

ci,4 = p− 1;

...
m∑
i=1

ci,n−1 = p− 1;

m∑
i=1

ci,n = p+ 1;

m∑
i=1

ci,n+1 = 0.

(2.5)

�! 2.1 = (2.4) d`%'d m∑
i=1

ci,3 = p, X ci,3 = 0 a 1, �$ m > p. g7"
m 6 s+ 7, Ag s > p− 7. = 0 6 s < p− 3, s 'A p− 7, p− 6, p− 5 a p− 4.�! 2.1.1 ! s = p− 7 b, ?

h = x1x2 · · · xm ∈ E
p+1−r,pn+1q+2pnq+(p−4)p2q+(p−4)pq+(p−4)q+p−6−r,∗
1 ,H m = p. ='d m∑

i=1

ei = p − 6 − r X m∑
i=1

ci,n−1 = p − 1, �Z h %`�G2-�?V�%$d
h = ap−6−r

n xp−5−r · · · xp.�b, r 	-'A 1. Ag, h = ap−7
n xp−6 · · · xp, B`

h′ = xp−6 · · · xp ∈ E
7,pn+1q+pnq+6pn−1q+···+6p4q+7p3q+3p2q+3pq+3q,∗
1 = 0.



3 A �EE σ-�O~'Hs&�=:' 2819�, h %`�G��8�N.�! 2.1.2 ! s = p− 6 b,

h = x1x2 · · · xm ∈ E
p+2−r,pn+1q+2pnq+(p−3)p2q+(p−3)pq+(p−3)q+p−5−r,∗
1 ,

m �8M\� p a p+ 1. = m∑
i=1

ei = p− 5− r X m∑
i=1

ci,n−1 = p− 1, ���
hk = ap−5−r

n xp−4−r · · · xp+k−1, B` k = 1 a 2.Ag h′

k = xp−4−r · · · xp+k−1 ∈ E
7,t(r),∗
1 , B`

t(r) = pn+1q+pnq+(4+r)pn−1q+···+(4+r)p4q+(5+r)p3q+(2+r)p2q+(2+r)pq+(2+r)q.�zV� 1 ue: u 1

m r h′

k

p 1, 2 h′

1 = 0

p+ 1 1 h′

2 = 09�, `�G h ��8�N.�! 2.1.3 ! s = p− 5 b,

h = x1x2 · · · xm ∈ E
p+3−r,pn+1q+2pnq+(p−2)p2q+(p−2)pq+(p−2)q+p−4−r,∗
1 ,

m �8M\� p, p+ 1 aS p+ 2. = m∑
i=1

ei = p− 4− r X m∑
i=1

ci,n−1 = p− 1, ���
hk = ap−4−r

n xp−3−r · · · xp+k−1, B` k = 1, 2 a 3.Ag h′

k = xp−3−r · · · xp+k−1 ∈ E
7,t(r),∗
1 , B`

t(r) = pn+1q+pnq+(3+r)pn−1q+···+(3+r)p4q+(4+r)p3q+(2+r)p2q+(2+r)pq+(2+r)q.�zV� 2 ue: u 2

m r h′

k

p 1, 2, 3 h′

1 = 0

p+ 1 1, 2 h′

2 = 0

p+ 2 1 h′

3 = 09�, �bJ$`�G h ��8�N.�! 2.1.4 ! s = p− 4 b,

h = x1x2 · · · xm ∈ E
p+4−r,pn+1q+2pnq+(p−1)p2q+(p−1)pq+(p−1)q+p−3−r,∗
1 ,
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m �8M\� p, p+ 1, p+ 2 a p+ 3. = m∑

i=1

ei = p− 3− r X m∑
i=1

ci,n−1 = p− 1, ���
hk = ap−3−r

n xp−2−r · · · xp+k−1, B` k = 1, 2, 3 a 4.Ag h′

k = xp−2−r · · · xp+k−1 ∈ E
7,t(r),∗
1 , B`

t(r) = pn+1q+pnq+(2+r)pn−1q+···+(2+r)p4q+(3+r)p3q+(2+r)p2q+(2+r)pq+(2+r)q.�zV� 3 ue: u 3

m r h′

k

p 1, 2, 3, 4 h′

1 = 0

p+ 1 1, 2, 3 h′

2 = 0

p+ 2 1, 2 h′

3 = 0

p+ 3 1 h′

4 = 09�, `�G h ��8�N.�! 2.2 = (2.5) d`%'d m∑
i=1

ci,n = p+ 1, �$ m > p+ 1. g7" m 6 s+ 7, 9� s > p− 6. � 0 6 s < p− 3, M s �8� p− 6, p− 5 a p− 4.�! 2.2.1 ! s = p− 6 b,

h = x1x2 · · · xm ∈ E
p+2−r,pn+1q+2pnq+(p−3)p2q+(p−3)pq+(p−3)q+p−5−r,∗
1 ,

m � p+ 1. = m∑
i=1

ei = p− 5− r X m∑
i=1

ci,n = p+ 1, ���
h = a

p−5−r
n+1 xp−4−r · · · xp+1.�b, r 	'A 1. Ag?

h = a
p−6
n+1xp−5 · · · xp+1,9� h′ = xp−5 ···xp+1 ∈ E

7,t,∗
1 = 0,B` t = 7pnq+5pn−1q+···+5p4q+5p3q+5p2q+5pq+5q.9�`�G h ��8�N.�! 2.2.2 ! s = p− 5 b,

h = x1x2 · · · xm ∈ E
p+3−r,pn+1q+2pnq+(p−2)p2q+(p−2)pq+(p−2)q+p−4−r,∗
1 ,

m �'A p+ 1 a p+ 2. = m∑
i=1

ei = p− 4− r X m∑
i=1

ci,n = p+ 1, ���
hk = a

p−4−r
n+1 xp−3−r · · · xp+k, B` k = 1 a 2.Ag h′

k = xp−3−r · · · xp+k ∈ E
7,t(r),∗
1 , B`

t(r) = (5+r)pnq+(3+r)pn−1q+ · · ·+(3+r)p4q+(4+r)p3q+(2+r)p2q+(2+r)pq+(2+r)q.�zV� 4 ue:
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m r h′

k

p+ 1 1, 2 h′

1 = 0

p+ 2 1 h′

2 = 09�, `�G h ��N.�! 2.2.3 ! s = p− 4 b,

h = x1x2 · · · xm ∈ E
p+4−r,pn+1q+2pnq+(p−1)p2q+(p−1)pq+(p−1)q+p−3−r,∗
1 ,

m �8'A p+ 1, p+ 2 a p+ 3. =
m∑

i=1

ei = p− 3− rX
m∑

i=1

ci,n = p+ 1,���
hk = a

p−3−r
n+1 xp−2−r · · · xp+k, B` k = 1, 2 a 3.Ag h′

k = xp−2−r · · · xp+k ∈ E
7,t(r),∗
1 , B`

t(r) = (4+r)pnq+(2+r)pn−1q+ · · ·+(2+r)p4q+(3+r)p3q+(2+r)p2q+(2+r)pq+(2+r)q.�zV� 5 ue: u 5

m r h′

k

p+ 1 1, 2, 3 h′

1 = 0

p+ 2 1, 2 h′

2 = 0

p+ 3 1 h′

3 = 09�`�G h ��8�N.l[J$ 1 XJ$ 2 ���, �1y��.�� 2.4 _ p > 7, n > 3, 0 6 s < p− 3, ??<9%�d
0 6= γ̃s+3 l̃ng0 ∈ Exts+8,t

A (Zp,Zp),B` t = pn+1q + 2pnq + (s+ 3)p2q + (s+ 3)pq + (s+ 3)q + s., 3Z b2,n−1h1,n, h2,0h1,0 X as3h3,0h2,1h1,2 ∈ E
∗,∗,∗
1 N May ?)��/g;�-^, �HAi�" l̃n, g0 X γ̃s+3 ∈ Ext∗,∗A (Zp,Zp). 9�

as3h3,0h2,1h1,2b2,n−1h1,nh2,0h1,0 ∈ E
s+8,t,∗
1



284 o , 9 � A e 39 �N May ?)��g;�-^, Hi�" γ̃s+3 l̃ng0 ∈ Exts+8,t
A (Zp,Zp).=1y 2.3,

E
s+7,t,∗
1 = {h2,nh1,na

s
3h3,0h2,0h1,0h1,2h2,1},

E
s+8−r,t,∗
1 = 0, ! r > 2. g d1(h2,nh1,na

s
3h3,0h2,0h1,0h1,2h2,1) = 0,=Z-wS�Z as3h3,0h2,1h1,2b2,n−1h1,nh2,0h1,0N May ?)���g dr-
J, H?<9)i�" γ̃s+3 l̃ng0. 9�

0 6= γ̃s+3 l̃ng0 ∈ Ext
s+8,pn+1q+2pnq+(s+3)p2q+(s+3)pq+(s+3)q+s

A (Zp,Zp).�� 2.5 _ p > 7, n > 3, 0 6 s < p− 3, 2 6 r 6 s+ 8, P
Ext

s+8−r,pn+1q+2pnq+(s+3)p2q+(s+3)pq+(s+3)q+s−r+1
A (Zp,Zp) = 0., =1y 2.3 �$ E

s+8−r,t+1−r,∗
1 = 0, B`

t = pn+1q + 2pnq + (s+ 3)p2q + (s+ 3)pq + (s+ 3)q + s.�< May ?)��ZD1y��.

3 1%|	 1.2 z-Æ{� 1.2 x, =
 [14, -�1.1], N Adams ?)�`�N?<9%�A
d2(gn) = a0 l̃n ∈ Ext4,p

n+1q+2pnq+1
A (Zp,Zp), n > 1,Gr gn X l̃n ��� a0-�NGr. =
 [15] `-� B′ X1y 2.2, �Z

i′
∗
i∗(g0 l̃n) ∈ Ext5,p

n+1q+2pnq+pq+2q
A (H∗V (1),Zp)N Adams ?)�`g;�-^Hi�"?<9Gr

i′iσn ∈ πpn+1q+2pnq+pq+2q−5V (1)._ f = γs+3σn ���C[:℄:

f : Σpn+1+2pnq+pq+2q−5S
i′iσn

// V (1)
i

// V (2)
γs+3

// Σ−(s+3)(p2+p+1)qV (2)

jj′j
// Σ−(s+3)(p2+p+1)q+(p+1)q+q+3S.=A i′iσn N Adams ?)�`= i′

∗
i∗(g0 l̃n) ∈ Ext5,p

n+1q+2pnq+pq+2q
A (H∗V (1),Zp) �e, AgZ-% f N Adams ?)�`�=

f̃ = (jj′j)∗(γ
s+3)∗(ii

′i)∗(l̃ng0) = (jj′jγs+3ii′i)∗(l̃ng0)�e. �2�, 3Z γs+3 = jj′jγs+3ii′i ∈ π∗S N Adams ?)�`= γ̃s+3 �e, �<
Yoneda �d�Z, C[:℄

Ext0,0A (Zp,Zp)
(ii′i)∗

// Ext0,0A (H∗V (2),Zp)
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(jj′j)∗(γ
s+3)∗

// Ext
s+3,((s+3)p2+(s+2)p+(s+1))q+s

A (Zp,Zp)�g�4 γ̃s+3 ∈ Ext
s+3,((s+3)p2+(s+2)p+(s+1))q+s

A (Zp,Zp) %�7Mt. 4H=1y 2.4 Z,N Adams ?)�`VZ% f �=
0 6= f̃ = γ̃s+3 l̃ng0 ∈ Ext

s+8,pn+1q+2pnq+(s+3)p2q+(s+3)pq+(s+3)q+s
A (Zp,Zp)��e.=1y 2.5, γ̃s+3 l̃ng0 N Adams ?)�`�gSYGr�A%�, f�g�A%
J,Ag γ̃s+3 l̃ng0 `#�"?<9Gr f = γs+3σn ∈ π∗S. -� 1.2 X�.v � � � � � �
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The Nontriviality of the σ-Related Homotopy Element

WANG Yuyu1

1College of Mathematical Science, Tianjin Normal University, Tianjin 300387,

China. E-mail: wdoubleyu@aliyun.com

Abstract In this paper, by geometric method, the σ-related homotopy element, which is

represented by γ̃s+3 l̃ng0 in the E2-term of the Adams spectral sequence, will be proved to

be nontrivial in the stable homotopy groups of spheres πmS with m = pn+1q + 2pnq + (s+

3)p2q + (s + 3)pq + (s + 3)q − 8, where p > 7 is an odd prime, n > 3, 0 6 s < p − 3, and

q = 2(p− 1).

Keywords Stable homotopy groups of spheres, Sphere spectrum, Adams spec-

tral sequence, May spectral sequence
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