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The 2-components / of the homotopy groups of spheres +,(S)
have been determined in the unstable range for all n when i =<24 [4, 6,
7, 11]. The purpose of this note is to summarize briefly the results on
the unstable homotopy groups of spheres which have been obtained as
the application of the composition method of H. Toda [11]. Making
use of the generators given in [2, 4-9, 11] and the new ones defined in
this note, we will state, in this part I, the results on the 2-components
/, for all n*) when 25_<i_<28. Further results will be stated in the
part II.

The results overlap in the metastable range with those of M.
Mahowald [3] and S. Thomeier [10].

1. On the 25.stem. There are following new elements" ’ e

" e o and ’" e with the Hopf invariants (mod 4 zs, ); a] and
respectively.

Now, or an element a e [,, 2, }, we have 2at (rood t
a, E,’ ). Hence we conclude that there exists an element such
that 2’- t (mod fi a) and E’ e {, 2, } (mod "4" Z9)" This
implies

In the above group and the ollowing ones, he las two direc$

summands Z@Z stand for Z{Z,)@Z{ + a+xs} (n 3) which
survive in the stable range. Next, the relation 2" E (mod other
elements) holds or an element " e {,, Ea’o a, a} and we see

0

Let us choose "’e {a’ a,,ax,,s}. Since ,oex e 2, it ollows
that 2’"-, e (rood 2E"), which determines

-(z@z){"’, E"}@Z{a v
Making use of the relations E"ao , (rood , a) and

E’’ (rood 2E", 2E’’, z ps a), we obtain

*) We omit the cases that n--2, 4 and 8; the results are immediate from
Proposition 4.4 of [11].
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0_z,{,0 +,:}(R)z,{0 ,}(R)z2(R)z:.35
e are in a position to use metasable periodic elements [9].

s:Zs{$3 a3}Z2Z2, where 22 ao a2 9.
: Z{Dl Z:I}We have the ollowing isomorphisms "*> a =as,

38) 41 42

Since 2o a3s:0, we have
Z2 and =+2=Z2Z2 for n=20, 21, 22.

23Similarly, the periodic elements give the following results"
Z{EB v}ZZ2,Z{B }, oZ{D V}ZZ,

=Z{()}Z2Z2, z+2=ZZ2 for n27.
102. On the 25.stem. There are following new elements" r" e ,

r’" e and r’v e s’ wi$h the Hopf invariants 9 a20 Z2, a2, s and
(rood 2p23) respectively.

Now using the relations 2p’= p and 2=Ep’, we have
29==z{c o ,}z{ }z{ o}z{ }zz.

ollowin relations ho]d’ oc=uoc
o u (o u ). They lead us to

z{ p}zz.
=z{’ 0}z{, p, z/

ere we see & reltion c’ o C-C co coCte .
Now we ve to define some elements by Toda brackets"

6 {c0, u, p0}, u, {c, u, p}. This enable us
to determine

o z{:"}z,{,}z{,o ,}zz,36=z{"’}z{c }zz.
In the above groups, we have the relations" 2R=(,o)

u[0 2r" 2r"’ Er" and ER C r23 (rood
E ). Moreover we see 32rv--a2 9=4Er’’’, which implies

=Z{rv}Z{Er"’ 8rv}Z2{A 2}Z2{EC r2,}Z2{a2 9}Z2Z2,
=Zs{Erv}Z2{EA r2}Z2{a3 e20}Z2Z2,39

{E’}Zg40 Z8 41 40"

* When we write -- -:-A:_, the latter direct summand must be under-
stood as the image of the (iterated) suspension homomorphism, which is incidental-
ly monic.
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"=Z,{M?)}@I0Next, we use the periodic elements [9] to obtain

43:
18 Zs{M2 } 2 2, 45:

20

=Zo{(qt)}Z{ 2--2(q4)}ZZ2. n+2,=Zs{E M2}Z2Z2 for
n 21, 22, 23.

2M2 +In the above groups we have the relations " _E2M?
2M 2M=

Finally we see o

3. On the 27.stem. ppoe[e.

=z{’" }+z{ }+z{ o}+z{ o }+z.
The direct summand Zs stands for Zs{.}. We have the relations"

2Z Z. and 2. E- (rood a)__
qs)}Z4{qtt o gl3}Z{, o l}Z

With the help of the metastable periodic elements [9], we see

Z.{ECI} Z,{EC?o ..} Z.{.. o .} Z.. o
Z,{E"A}Z{a,o,}Z,, +,=Zs for n=15,16,Z.{a.. x.0}Z..

17, 18.
We make use of the periodic elements again to obtain

Z,.
For the element V, of Y. Nomura [8], we have (v)=2V=E"A.

"=Z,{V,}Z,,Hence we obtain the following results z,9 ,+27

""=Z{(,7)}Zs, n+,=Zs for n=26,=Z2{E"-22V2}Z8 for n=23, 24, 25,
27 and n 29.

4. On the 28.stem. There appears no new elements.
=.," z2{’ o , po a,,)z,{,’ ,,,}z,{, ,,,}z,.

The last direct summand Z2 stands for Z2{, +8} which survives
in the stable range.

Now, 8(p,)=, o 3. and oE"’’’ =0, hence we have

Here we remark that following two relations hold"
o + and , ,
Let us use the periodic elements. Then we obtain
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Z,{EC, o ,4} Z,{E"F} Z,{,, ,0}
Z,{EA a, ,}Z,.

Z,{(p,,)}Z,, +,=Z, for nSince 16(p,,)=E"A, we have
=15,16,17.

The last parts of the 28-stem are also determined by metastable
periodic elements ,’"--Z,{F,}Z,-- =z’"-Z,{C’}Z{EF}Z,,-

a,,}Z,, o""=Z,{(a,)}Z, where 8(a,) EA, +,=Z, for n=23, 24
and 25, ""= Z,{(,,)}Z,, ,=Z,{A,}, Z,{EA,}
Z,, +s Z, for n30.
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