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Introduction

THIS is the last of a sequence of five papers, the previous ones being
(2), in which I calculate certain homotopy groups of the Stiefel mani-
folds V^. A full table of these results can be found in (2) (I) 249.
The present paper contains the calculations of those groups which are
given in the tables (a}-(c) below. In these tables 7r£m denotes
""k+p^k+mjn)' ^« a cyclic group of order q, and + direct summation.
Also a > 0. For the notation used throughout the body of this paper
please see (2), especially §§ 1, 2, and 3.1. Also please note that the
sections are numbered consecutively throughout the whole sequence of
papers, §§ 1-5 being contained in (I), g 6-7 in (II), § 8 in (HI), § 9 in
(IV), and & 10-13 in (V).

(a) TABLE FOB nf.t (k ^ 3)

i = 3 4 5 8*-l 8* + 3 4* + 5 4(«+l) 8s-2 8s+2
Zt Zx Zt Zlt 0 Zt 0 Z2

(b) TABLE FOB 7rJm (k ^ 3)

4 6

t

m =. 6 Zt+Zt+Zt Zt+Zt+Zt+Zo or
Zt+Zm+Zm

Zm+Zt
m = 7 Zt+Zt Zt+Zt + Zt or

zt+zm

k = 4e + 3 8e+l 8s— 3 4(»+l) &>+6 Ss+2

m = 6 Zt+Zt Zt Zt Za Zt+Z<o

m = 7 Z, Zt 0 0 Z% Zl

(c) TABLE FOB < m » «£„_!

»r»=6 m=>7 m = 8 »n>9
p = 4, 5 0 0 0 0
P = 6 £„ ^«, + ^«, ^ £„
p = 7 ^ , + ̂ , ^ , + 2, + ^ , 2, + ^ , Z,
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2 G. F. PAECHTER
10. Calculation of TT£6

We consider the fibring Vk+ttt/Vk+Sfi -+- Sk+6, and examine the sequence

(E)

10.1. k = 2 (mod 8).
In this case there is a five-field on Sk+S (1), and so the fibring admits

a cross-section p. Hence Theorem 1.1 gives that

Using the values of TT£5 as calculated in § 9.5, we obtain the values
shown in the tables for irk\6 when k (> 2) = 2 (mod 8).

Note that, by Theorem 1.2 and Corollary 1.5, we have

ftt-H5.«} = Ofor k=2 (mod 8).

10.2. k = 6 (mod 8).

(a) When p = 4, (E) gives

i.e. -> Za, -> Z2-+ TTJ,-> 0,

by § 9.5 (b). But t£+4*(0) ^ 0, for otherwise there would be a cross-
section in the above fibring by Theorem 1.2, and so a five-field on Sk+6,
which is impossible by Theorem 1.1. of (3). Thus i£+4*(0) = TT{\6,

whence . A

Further, we have from Corollary 1.5 that {tk+tfi} generates tJt+«*(O).

Note that A^nk+s{Sk+i) ,is of ordef two, whence it' follows that the
image of pk+b+ is the Zm subgroup generated by 2{Afc+6>k+6}.

(6) When p = 5, (E) gives ' - "'

i.e. -^ Zj, ^- 77^B -> w|>6 -*• Zn -+ 0,

since 2>t+s* is onto a Z,,, subgroup by (a). Also

Thus ifc+5*(°) = ° ( ^ c e k ~> 6)-

Hence 7r|,6 « irl
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But we have from § 9.5 (c) that, when k > 6, v\ 6 = Z8, whence

«£, = Z8+Zm (k > 6),

generated by ik+s^*&, where 2>i+5,i*
a =

 {^A+M+BK and 6 such that
Pfc+6,1* ^ = ^t+wt+s}- When A = 6, we have from § 9.5 (d) that TTJĴ  is
either ZW+ZB or Zt+Zm, whence

< „ w ê Aer Z^+Zg+Z^ or

generated respectively by {*7sAe,ii}> iu^*a where 8a = 0 and

Pll.l*a = {A104l}>

and b such that ^nj^fr = 2(̂ 21,11}; or *i0jg*o, where 4o = 0 and
)' hi.i*&> where j>114«6 = {A1Ojll}, and c such that

Note that in all cases A+ is trivial, whence pk+6+ is onto.
10.3. jfc = 0 (mod 4).
(a) When p = 4, (E) gives

i.e. -»- £„-»• Z J + Z J - ) - 7rt>6-> 0 when ik > 4,

and ->- Zw ->- ZJ+Zj ,+Z 2 +2 2 -»• 77* , -> 0 when 4 = 4,

by §§ 9.61 (6), 9.62 (6), and 9.63 (b). Also again t£+4*(0) ^ 0, since other-
wise there would be a cross-section in the fibring Vk^tt[Vle+636 -*• Sk+6 by
Theorem 1.2, and so a five-field on Sk+S, which is impossible by Theorem
1.1 of (3). But, by exactness, t^+4*(0) must be a cyclic subgroup.
Hence we have that

Note that the image of A ̂  is of order two, whence it follows that the
image of pk+6+ is the Zm subgroup generated by 2{At+5)i+6}.

To determine the generator(s) of rrj>6 we have to evaluate {<*+«,e}
which generates *i+4*(0). Consider the section of the sequence asso-
ciated with the fibring Vk+&fi/Vk+2tl -*• Vk+i3 which is of the form

Then we have by § 2.3 (b) that

= i * * ^ pAt+8>t+4}, by § 8.2 (a),

#0.

} ^ *t • 2,3* *t.f
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If we now look at the results and relations in §§ 9.61 (6), 9.62(6), and
9.63 (6), we see that

( W o ) = {*i+4,i Vhk+u-n)+w> where w e tfc+Si8* n\it.
Thus, when k > 4, TTJ)6 is generated by {tfc+8>4 pA i+Vk+J, and n^6 is
generated by {tw«E^7}, {iwpA7#8}, and {•MpA8k8}.

(6) When p = 5, (E) gives

i.e. -+ Zt -> Z, ^- ir|>6 -> Za, -v 0 when k > 4

and

by §§ 9.61 (c), 9.62 (c), and 9.63 (c), and sinoe j) t+6* is onto a Zm sub-
group by (a). Further,

which is generated by

Now, when /fc > 4, we have that tfc+4#1* P*{At+8Fi+6} generates TTJ ,̂ whilst
8 = ° fey§5.1. Thus

and TT|I9 = Z,,, when k > 4,
generated by o such that #fc+8jl*a = 2{Ai+6jfe+B}.

When fc = 4, we have that tg .nP^^s} generates one summand Z,
which is not in t'e.s*7'*^ However, h*9w e t^j^TTJI2. Thus ^ ( 0 ) ^ 0,
and by exactness it must also be cyclic. Hence it is Z, and thus

generated by {tw CA ĝ}, {i^tpfht}, {»M pA^J and o such that

Note that in both cases A^x(0) = 0, whence pk+em is trivial.
10.4. k = 1 (mod 4) and > 5.
(a) When p = 4, (E) gives

i .e. -> Z.O -> Zoo -»• TTfc.e -*• 0 w h e n ifc > 5,

and -*• ZQa-*-Zi+Zao-*-vlA-*-0 when k = 5,

by § 9.3 (6). Also t££4*(0) is generated by {<t+8>6}, and we have from
§ 2.3 (6) that
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Hence {tk^fi} generates an infinite summand of n\ 6, whence

generated by {i^h^}. Note that thus A^1(0) = 0, whence p t + 5 * is
trivial.

(b) When p = 5, (E) gives

i . e . ->• Z 2 -*• 2 2 -»- 7TJJ6 -> 0,

by § 9.3 (c), and since pk+i+ is trivial by (a). Also

which is generated by A*+4̂ +6{*t+e,«}- To evaluate this consider the
portion of the sequence associated with the fibring ^+5,5/^+2,2 ->• J*+M

which is of the form

""*• " 1 , 2 -*• ^ J S *" 7 T i + 2.3 -*"•

From §§ 5.2 (t) and (A) we have that m£8 = 0, and, from § 2.3 (6), that

= {h+s,^- Hence

= 0, by §8.4(6).

Thus Ajt+ijk+eCt-HM} = °.

and v%fi = Z 2 ,

generated by {^+3^ pAt+2^+B}. Note that, since A* is trivial, p t + f l + is
onto.

10.5. k = 1.
(a) When p = 4, (E) gives

• 7T6(iS6) • TT\A K 7r*i6 - • 7r 6 (5 6 ) ,

i.e. -+ Zx^ Zx^ 7r}>6 -> 0,

by § 9.4 (6). Also t ^ O ) is generated by {f7 6}. But

by § 2.3 (6), whence we see that {t7fi} generates v\£. Hence

the latter by virtue of Theorem 4.2 (a). Note that >̂6* is trivial.
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(b) When p = 5, (E) gives

i.e. -• Zg - • 0 ->- w?i6 -+ o;
by § 9.4 (c), and since j?6+ is trivial by (a). Hence

Afi = o, «i6 = o,
the latter by virtue of Theorem 4.2 (a). Note that, since A+ is trivial,
is onto. x

(c) When £> = 6, (E) gives

* A ^ * R Pi* i a»\

(S9)
i.e. -> Zj - • Zx -> 77?i6 -^- Z% -»- 0,

by § 9.4 (d), and since p7<1 is onto 7r,($*) by (6). Further, since it is
impossible to map a finite group essentially into an infinite cyclic one,
t ^ O ) = 0. Thus 7r'f9 is an extension of Zm by Zt, as, by Theorem 4.2 (a),
is TT^J. Note that A* is trivial, whence p8+ is onto.

In order to determine the extension we consider the diagram

Pt,t*
3,3 '

where the horizontal sequences are associated with the fibrings
ViJS* -*• V1A and V^JS* -*• V%t. By §2.1 the diagram is commutative
and the t^o* are isomorphisms. Also, by the last paragraph and by
§ 8.4 (e), the t61+ are monomorphisms. Further, we have from § 9.4 (d)
that tS(8* 7T7(/S

2) = 0, whence also »^u ^(S2) = 0. Thus, with the re-
sults of §§ 7.2(/), 8.4 (e), and 9.4 (d), the diagram becomes

t t t
^- Zlt -K

Now let o' be a generator of order four in TT\^, and a be t M + a ' . Then
we have from § 9.4 (d) that A* 2a' = 6|A^6}. Hence

A* 2a = A»ia>1*2a' = t3,0+A+2a' = ts,o*6{M-

Thus A+ 2a = 6{\6} ^ 0.

Now, if 71%^ were Zm-\-Zt, 2a would be in p1A^-n\A since 2a is the only
element of order two in TT| 4 and so must be the image of the element of
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order two in TT\A. Thus A* 2a would have to be zero, and we have just
proved the contrary. Hence

each generated by an element o such that p7>1+ o = {h^7}.
(d) Whenp = 7, (E) gives

Pi* , r... A* . H* 7 Ps*

i.e. -* Zu -> Z^ -> TTJI6 - • Z2 -»- 0,

by § 9.4 (e), and since pB+ is onto irg(£
6) by (c). Further,

which is generated by h*t^t7^. -But

Hence t^il(0) = 27TJ>6, whence wji6 w on exferwion o/ Z2 by Zv Note that,
since A+ ZM = 2(ZM), the image of pB+ is the Za subgroup generated
by lqhw).

To determine the extension, consider the portion of the sequence
associated with the fibring V7fi/Vat -*• Vlit which is of the form

i.e. -* 7rJi6 -•
by § 8.4 (g) and 5.3 (b). But we have just seen that 7TJ6 has four elements,
whence p7 4+ is a monomorphism. Hence

< , = Zt+Z2>

generated by ts.i^PeiiV^s.s} an(^ ° such that p7(1*a = {A8f8}. Thus, by
Theorem 4.2 (a) we also have that

" I s = zt+%%>
generated by V ^ i W s } a n d ° 8UCQ t h a t P7.1*0 = (̂ s.e}-

10.6. h = l (mod 8).
(a) When p = 4, (E) gives

i.e. -+ZK-+ Z8+ Zx-* 7r{f9-• 0,
by § 9.2 (6). Also trfi*(0) is generated by {tt4^r6}. But, by § 2.3 (6),

whence it follows that {<i+6j6} generates an infinite summand of -n\tB.
Hence 4 _ 7

46 — ^8
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generated by tt+4^* °»where pk+i^^ a = {hk+3J(+4}. Note that Ai"1(0) = 0,
whence pk+6+ ^ trivial.

(6) When p = 5, (E) gives

i.e.
by § 9.2 (c), and since pk+i* is trivial by (a). We know from Theorem
4.2 (6) that Trĵ e « T%+I& — Zt-{-Zt, but to determine the generators we
have to evaluate AJ+^+sOk+e.e} which generates ik+6+(0). To do this
consider the commutative diagram

in which the horizontal sequences are associated with the fibrings
Vk+s,s/Sk -> W and T i ^ S * -»- Fk+4>3. By §§ 9.2 (c) and 8.1 the tfc+44«
are monomorphisms. With the results of §§9.2 (c), 8.4(/), 8.1, and
7.31 (d), the diagram becomes

0 -+ Zt+ Z2+Zt -+ Z2+ Z2+Zt -+ 0

t t

\

Now we have from § 9.61 (b) that

where

Choose 6 e TT|4 such that pk+Afi^b = b'. Then

and

= 0.
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Thus

b, where pk+w b = {hk+iJe+6}.

Hence _B
'fjt.s —

generated by tt+s^*Pt+8,i*{Ai+£jfc+B}. ^ d **+6,i*a> w h e r e

Note that A^J(0) = 0, whence pk+e+ is trivial.

10.7. k = 3 (mod 8).
Our first task is to calculate {tk+Bjt} e TTJ 6. We have that

by § 2.3 (b), and that {*t+6_B} = 0

by § 9.1. Thus we can extend ik+^1tk+Bii over the hemisphere E^^ of
Sk+l, and, since ffc+B>6 is a symmetric map (2.3a), we can extend it
symmetrically over Jf"4. Denote this extension by

Now we use construction 'Q" of § 6, with r — Jfc+4, Z = Vk+Si,
A == '*+6 6> ^u^d/g = 0 as defined above. Then we have that

Hence

by § 2.3(6) and since {̂ } e t t + 4 t l , 77^. Thus

and {h} =

Further, if we consider {̂ } for the moment as in ni^, we see that
Pk+*j.9:Sk+* -*• Sk+S i8 a symmetric map such that, in the notation of
§2.3(c),

which is essential by § 2.3 (c): whence pk+i±g is essential by Theorem
6.1.

Thus, when k > 11, {g} generates ik+t,!*""^ t866 §§ 8.4(d) and 9.1],

i.e.
where a generates wj 4.

Wheni = 3, we have from § 8.4 (e) that -n\A = Zk-\-Zm. Ifagenerates
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the Z4 summand and b an infinite cyclio one, then it follows from the
fact that plx g is essential that {g} is of the form

= 2p»{A7f7}+i7fl#[2a'a+2/3'6-«a-(2j8+l)6]

Hence {<9>6} = *74,(2P+l)c+2p t{A7t7},

where c generates an infinite summand of v%ti.
(a) When p = 4 and fc > 11, (E) gives

i.e.
by §§ 9.1 and 8.4 (d). But *i+4*(0) is generated by {t t+M}: that is, by

} in the above notation. Thus

generated by {it+6,i P^t+4>fc+4}. Note that pk+i+ is trivial.
(6) When p = 4 and A; = 3, (E) gives

i.e. _^z.-»>
by §§ 9.1 and 8.4(e). But 1^(0) is generated by {t86}, i.e. by

in the above notation. Thus

"•3,6 = Zt-\-Zm,

generated by t8,s*o> where a is of order four and #8,1*0 = {̂ 6,7}'
[{*8A P 7̂.7}+P*7,2*C3> where c generates an infinite summand of n^, i.e.

= {h6 7}. Note that ps+ is trivial,
(c) When k = 5 and k ^ 11, (E) gives

i.e. ^ Z 2 ^
by §§ 9.1 and 8.4 (/), and since j>fc+6* is trivial by (a). Further

) = «*.*.,• W
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which is generated by

But

Thus we see from § 8.4 (/) that t£+5*(0) is a Z2 summand, and that

•TTfc.e = Zt+Zz,

generated by %k+3l9tPk+a,i*{K+tjt+6}f and {tt+Bjl pAi+4ii+6}. Note that
A*x(0) = 0, whence pk+6+ is trivial.

(d) When p = 5 and k = 3, (E) gives
A, t M ptt„ „» 5 v „« „ v

i.e. -+Z2^

by §§ 9.1 and 8.4 (g-), and since pB)t, is trivial by (6). Further

*»(0) = <9,6
which is generated by

But ^7jl+ A*8 c = J
Thus we see from § 8.4 (g) that t ^ O ) is a Z2 summand, and that

generated by t M + p ^ ( E ^ } , t6>s+ a where p6>1 „, a = {h6iB}, and {»
Note that p9^ is again trivial.

11. Calculation of w£7

We consider the fibring ^t+7/7/Tfc+6p8 -»• <Sfc+*, and examine the sequence

(F) -* Wt4,+1(S*+«) ^ > 7T£6 - ^ % < 7 ^ ± ^ ^k+p(S^) - .

11.1. jfc = 1 (mod 8).
In this case there is a six-field on Sk+* (1), and so the fibring admits

a cross-section p. Hence Theorem 1.1 gives that

Using the values of TT£6 as calculated in §§ 10.4 and 10.5, we obtain the
values shown in the tables for TT|?7 when k = 1 (mod 8). Those of 7rf?6

are then obtained by Theorem 4.2 (a).
Note that, by Theorem 1.2 and Corollary 1.5, we have that

{tk+1J} = 0 for k= 1 (mod 8).
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11.2. k = 5 (mod 8).
When p = 5, (F) gives

I^U nM[S*«) - ^ 4., ~ ^ > 4,7
i.e. ->- £„ -+ Zt -> 4 j7 -> 0,
by § 10.4(6). Also ik+^(0) ^ 0, for otherwise there would be a cross-
section in the above fibring by Theorem 1.2, and so a six-field on <Sfc+8,
which is impossible by Theorem 1.1 of (3). Thus »t+M(0) = 4,e> and

4.7 = 0.
Note that the image of A* is of order two, whence it follows that the
image of pk+t+ is the Zx subgroup generated by 2{At+fl>i+6}. Further,
since {*i+7#7} generates it+6*(0)> we have that

11.3. k = 7 (mod 8).
When p = 5, (F) gives

P*+t*> -"k+«(Sk+*) —^ 4 ,6 ^ ^ ^ 4 ,7 "• ^fc+tC5*^).
i.e. -*Za-*- Zt+ Z2 -v 4 > 7 - • 0,
by§10.6(6). Alsot^w(0) ^ 0 since otherwise this again would imply a six-
field on Sk+9, which is impossible by Theorem 1.1 in (3). But by exactness
**+6*(°) is cyclic, whence J _ g

Note that the image of pk+e4 is again the Z^ subgroup generated by

In order to determine the generator of TT£>7 we evaluate {<fc+fl>8} which
generates t ^ w ( 0 ) . For this we consider the section of the sequence
associated with the fibring Vk+6fi/Vk+3 3 -> Vk+e 3 which is of the form

Then we have by § 2.3 (b) that

by § 8.2 (o). Thus {*t+7>7} $ i t+3i3, 4,3, whence

{'*+7,7/ = **+5J.*ffl» u ;"* r e i ' i+S. l* 0 = I

Thus 7T 7̂ is generated by ti+a^* PiT+8,i*{ '̂*+2jt+6}-

11.4. Jfc = 3 (mod 8).
When p = 5, (F) gives

y*-)•«*x w (£fc+«\ A « > ^5 **-ij»> ^ _^

i.e. -> Zco ->- Za+Zj->- 4 7 ~*" 0 when k ^ 11,
and -̂ - Z^ -*• Zt-\-Z2+Zt-+ TTI7 ->- 0 when k = 3,
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by §§ 10.7 (c) and (d). Again *£+M(0) # 0, since otherwise we should
again have an impossible six-field on <Sfc+6, and again it is cyclic.
Hence ^ = ^ whm fc ^ ^ a n d ^ _ Zt+Zx.

Note that the image of pk+tt is again the Zm subgroup generated by

To determine the generators of 7!^ we evaluate {<i+7 7} by examining
the sequence

which is associated with the fibring ^4+6,8/̂ +3,3 ->• ^+e,s- From § 2.3 (b)
we have that

}. by §8.2 (a).

{tjfc+7,7}£*k+S,S«<3.
whence

*k+s,4»Pk+8,i»{Afc+u+&} generates W|F7 when fc ^ 11; and TT§,7 is
generated by t w *^1*^8 ,7} a^d *«,4*°>

11.5. Jfc = 0(mod4).
When 3? = 5, (F) gives

• ^ = > * , „ { # * ) ^ > " I . ^
i.e. -̂ - Za, ->- Zco -»- TTJ 7 ^- 0 when k > 4,

and - • Zoo -»• ^ » + %i+%i+ Z* -*• Ax -»• ° w n e n fc = *»

by § 10.3 (6). Also ifc+s*(0) is generated by {tk+7>7} and, by § 2.3 (6),

Thus ijfc+w(0) i s a Z , , summand of Tr̂ e, whence

• ^ , = 0 when k > 4, and 7rJ>7 = ZJ

generated by {t^, ffi*M}, {t^eP^.J a n ( i (*«,s P ŝ,»}- Note that in both cases
A T̂a(O) = 0, whence pt+g* is trivial.

11.6. k = 6(mod8).
When p = 5, (F) gives

by § 10.2 (6). But t ^ w ( 0 ) is generated by {<t+7,7}, and, by § 2.3 (b), we
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whence it follows that {tk+lil} generates the Zv summand displayed
above. Thus TT£>7 « TT16, i.e.

irj>7 = Ze when k > 6,

generated by tt+8,2*o. where pk+6il+a = {hk+tjc+i}'> and

TT|I7 is either Zaa-\-Zs or Z

generated by {ilfi h ^ and t ^ + a, where 8a = 0 and
OT b y *io,3*0> where 4a = 0 and p l o a *a = {A,.̂ }, and i1L2*& where

Note that in all cases pk+t+ is trivial.
11.7. k = 2 (mod8) and > 10.
Our first task is to calculate {̂ +7>7} in w£(6 = Zg+Zo,, by §§ 10.1 and

9.5 (c). We have from § 2.3(6) that '

'fc+7.7 I

and from § 10.1 that {<t+6t6} = 0. Thus we can extend ik+s^k+t.t o v e r

the hemisphere E1^s of Sk+S, and, since <fc+6_6 is a symmetric map (2.3 a),
we can extend it symmetrically over £*.+\ Denote this extension by

Now we use construction 'Qr' of § 6, with r = fc+4, X =
/j = ft+7 7 and fz = g as defined above. Then we have that

2{A} = {/,}+{/,} =

Hence,

by § 2.3 (6) and since {g} e *t+5jl* 7r£;5. Thus

and {h} =

Further, if we consider {p} for the moment as in ir£>6, we see that
7 :<Si+6 ->• Sk+* is a symmetric map such that, in the notation of

which is essential by § 2.3 (c): whence pk+6iig is essential by Theorem
6.1. Thus {p} generates it+^^Trts ( see §§ 9-5(c) and 10.1). But

«*+7,7} = m-ig)

i-e- {thw) = tfc+sa*o+2P*fA*+6^+i}. w^erc <* generates i%;6.
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When p = 5, (F) gives

i.e. -> Zw -+ Zg+ Zw -+ < 7 -> 0,

by §§ 10.1 and 9.5 (c). Since i£+M(0) is generated by {tk+77} evaluated
above, * 7

^ , 7 = ^ 1 8 .

generated by {tfc+6(1 pAi+wt+6}. Note that pk+e+ is trivial.

12. Calculation of 7rf8
We consider the fibring VB JV^7 -v Ss and examine the sequence

(G) + TT

Our first task is to calculate {<Bj8} in TTJ_7 = Zx-\-Zw by §§ 11.1 and
10 5(c). Since {f̂ ,} = 0 by § 11.1, the method used is word for word
that used in § 11.7 above and yields the result that

( W = *7j*(2A+1)a+2P*{A7,7}> where a general ^
(a) When p = 6, (G) gives

i.e. + Z < n - * Z

by §§ 11.1 and 10.5 (c). Also i^(0) is generated by {t9i8} evaluated
above. Thus 8 „

"it = A
generated by [{*8,iP'l7,7}~l~'̂ 7,2*o]>

where Pi^+a = {h^}. Note that Aj'1(0) = 0, whence pst is trivial.
We also have, by Theorem 4.2 (a), that

generated by [{*e,i P ^

where Pi\+& = {̂ 6 7}-

' (6) When p = 7,' (G) gives

i.e. -*-Zi-*-i+i+tltS>
by §§ 11.1 and 10.5.(d), and since p&+ is trivial by (a). Also *gi1(0) is
generated by

*7^{W = A?3t*74* ° + 2(»7.1*

But
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Hence i^(0) is a Z% summand, whence we have that

generated by t6 i S ,Pe^Ws} a n ( i (*M PVS}- Note that p9* again is trivial.
As before, we have by Theorem 4.2 (a) that

generated by »

13. Calculation of TT\I9

We consider the fibring VlQfi[V9fi -*• S9, and examine

(8»)• I * •

i.e. -+ Z, -> Z a + Z% -> wJi9 - • 0,
by § 12 (6). To find tg^O) we have to evaluate ite generator {t1Ofi}. To
do this consider the sequence

7 S.i* , P;t*
1 > W

which is associated with the fibring V^V^ -> V9fi. Then we have from
§ 2.3 (6) that

* W W = ( W = ( V PA7,8}, by § 8.2 (a).

Hence { W ^ * W * W I . B »

Thus ^ ( O ) is a Z% subgroup, and so

ir19 = Z2,

generated by i^^Pe.imiK.s}- Note that, since the image of A* is of
order two, it follows that the image of p9+ is the Z& subgroup generated
by 2[hgg}. Again Theorem 4.2(o) gives

generated by
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