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RI is generated by So, we may replace 1-,X 8 b y  0- ' 6 12.
Then it is sufficient to prove the relations :

P*(Pr"lai2) Gr"'cri2, 2 (Ec i n 1Œ12) i*(i630-12),
p * (Lv5 17,8]v i ,) = 1) 81., 1 6 a n d  2([ 5 1.)8 ] ov

1 6
) = 0 .

But these relations follow from (2.1)', 2[0 - " ]= 4 / k 3 and 2[v 5 P-8]= 0 .

Consider the case i  = 2 0 .  By Lemma 4. 2, we have an exact
sequence

o ,z 2 e z 2 -7 ,2 0 ( s U (3 )  : 2) Z, -> 0 .

For the results 7r20(SU(3) 2 ) = { [ r ] ,  48'} ,  it is sufficient to prove
the last relation n p i v ] = -- - -- i * . p ,  mod 4 6 '  of (4. 1).

By the definition o f rt„

= E - {,a 8 o 2 } ( <,a, 2t, 80-> .

By (3. 9) o f [7],

<,a, 2t, 80- > + <80-  , 2t>±<2t, 80-, IL)

-_ 21, 80- > ± 40- 0<2t, ,a, 2t>+<,a, 80- , 2t> 0

mod poG 2 +80- 0G1 0 +2G„ . 2 G „= 0 since G ,  z zez 2Els, z 2ez 2. 80-0G10
2 t>  2 (G „ : 2) = 0 since G 10 Z 6 . 1a0G 8 is generated by

ttE= 2 p = a c r ,  by Theorem 14. 1 o f [ 7 ] .  Thus we have

<,a, 2t, 80-> = <,u„ 80- , 2 t>  mod lhatr

Similarly, we have

,a G <97, 2t, 80-> = <97, 8cr, 2 t>.
By (3. 7) o f [7],

/76 E <97, <8cr, 26, 80->, 20-1-<7, 80-, <2t, 8cr , 2t>>

By (3. 10) o f [7],

<26, 8cr, 2 t>  80-0G, ±2G 8 =  0 .

By the definition o f ply ,

E - prv E E l a " , 2 t, 2 , 80- ,2 1 C <8OE, 2, 80-> .

Thus we have that <97, E -  ply, 2t> consists o f Tt and A+ who-.
It follows from the relation E 0 0 64, E0101v , 2t>

n r { 7 / 4 , p l y
, 2 1 7 }4  m od {1]4p5.- 141+K er (E -  :  7r̀211 -> G17) •
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In Theorem 12.7 and Theorem 12.17 of [7 ] we see that Ker (E -  :71- 1̀1.1.
G1 7 )  is generated by 2)40- 'cr14 and K 6 '.  It follows that

nlonE* {274, p i v  2 t 1 2 } p . 3  m o d  {97 4640 ,
and E*{ n4, r, 2t12 } p 3 m o d  In3P4cri3, + 2 7 r 20 (S 3 ) .

Apply Theorem 2. 6, then we have that there exists an  element
p iv  such that

2[piv] i * Tt, mod

where i* /),,u,,,cr,, = O.
For the case i = 22, we have an exact sequence :

0 --> Z2 7 r2 2 (S U (4 ):  2) Z2 —> 0 .

By Lemma 2. 2,

2([2t 5 ]0 1 .' 5 Kg )  =  [ 265] .2 () 5 K8 )  =  [ 265 ] 0 0  =  O,

since E(2 5 K8 ) =21),K „=0 by Theorem 12. 7 of [ 7 ] .  Thus the above
sequence splits.

§ 5. T h e  hom otopy groups ir 1( S p ( 2 ) )  fo r  i < 2 3

In this section we compute the groups 7ri (S p(2)) and the results
are stated in the following

Theorem 5 . 1 .  The hom otopy  groups 7ri (S p (2 )) f o r  i < 2 3  and
generators o f their 2-primary components are listed in the following
table:

i= 1,2 3 4 5 6 7 8,9 10 11

n i ( S p ( 2 ) ) . .2 0 Z Z2 Z2 O Z 0 Z8 +Z15ZI5 Z2

gen. o f  2-comp. i*t3 4 773 i*n i [12t71 [7,7] 4 , 3

i = 12 13 14 15 16

r i (S p (2 ) ) --, --2_ Z2 + Z2 Z4 + Z2 Z16 + ZiO5 Z2 Z2 + Z2

gen. o f  2-comp. 4/1 3 , 4713E4 [v 7]'v 1o , 4 773,a4 [ 2 a l [a '1 4 ] P 6 2141 7715, E v71. 240

j = 17 18 19

x i (S p (2 )) -_-_ 4  - I-  Zs Zg + Z2 + Z315 Z2 + Z2

gen. o f  2-comp. DA° crio [C7], i* 1 3 i*,u3a12, i*7l3E.4
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i= 20 21

z i (Sp(2));—_, --. Z2 r Z2 - r Z2 Z32 - r Z2

gen. o f  2-comp. L117_106501117, 47731246,3 Lc' 614i, 4770214

i = 22 23

77i (SK2))—̂=_

gem  of  2 - romp.

Z32 + Z2 + Z2 - r- Zi6; Z2)--Z2+Z2

Lo''J, l_ci'Pt4i, 1.0'5,4_1 LO'fil4:1, EEC/J, D/74]

W e denote  by  [a] an  elem ent o f  7r1(Sp (2)) su c h  th at p * [ a ] - =

E  7e1(S 7 )  and, f or i  I7 ,  [ a ]  E  (SP(2) : 2).
The f ollow ing relations hold:

(5. 1) 2[ , 7] ov,, 4[201 8[o-'o-„] = ±i*teœ ,4

and 8 [ p " ] =

Since X(Sp(2))= A t, i s  an element of order 12, we have from
Lemma 2. 3 isomorphisms

7ri (Sp(2) : 1(S7 x S3 : p), 7 r 1(s7:p) ED :  p)

for odd prime p > 5  and a ll I.
For 3-primary components, we quote from [ 8 ]  the following

isomorphisms :
7r1 (Sp(2) : 3) v 1(B (3) : 3) for a ll i

Then the results in  Theorem 5 . 1  on the odd components follow
immediately from the following table :

(5. 2)

i = 1, 2, 3, 4, 5, 6, 7, 8, 9 10 11, 12,13 14 15,16 17 18

E p-comp. of  7r,(S 3 ), p> 5 0 2.5 0 Z7 0 Z5 Z,
_

E f i-com p. of 7r 1( s 7 ), p> 5 0 0 0 Z , 0 0 Z7

3-comp. of 7v (B (3 )) 0 Z3 0 Z3 0 0 Z9

19, 20, 21 22 23

0 .Z51 0

0 Z5 0

0 Z3 0
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The table is given by Chapter XIII of [ 7 ] ,  [ 3 ]  and Theorem
3  of [8].

The exact sequence (2. 1) associated with the bundle (sp(2), p,
s7=sp(2)/S3) induces the following exact sequence :

(5. 3) 0 —> Coker (A : --> 7e) Tri (sp  (2) : 2) —› Ker (A :
—> 7e_ 1) —> 0 , for i > 7 .

By concerning the table (3. 1) and i i)  of Proposition 3. 2, we
have

L e m m a  5 . 2 . i ) .  The homomorphisms A : 7-/- 7± , - -> 7 e  are epimor-
phism s f o r  i = 7, 8, 9, 10, 15, 16, 17 and 2 3 .  For the other values
o f i ,  6 < i< 2 3 , we have the follow ing table:

i= 11 12 13 14

Z4

18 19

Z2 Z 2+ Z 2Coker. d Z2 Z 2 + Z 2 Z 2+ Z 2

rep . o f  gene. E3 1131 37354 5', 773114 I f 53 ,U3012, 7735 4

2 = 20 21 22

Coker. d Z 2+ Z 2 Z4-I Z2 Z4

rep. of gene. ;0 3  ,  77311 40 13 /2/0,4, 773,724 Ti'

ii). The hom om orphism s A : - - > n ,  are monomorphisms for
1= 8, 9, 11, 12 and 1 9 .  For the other values of i ,  7 < i< 2 3 , we have
the follow ing table:

1= 10 13 14 15 16 17 18

Ker. d Z 2 Z2 Z4 Z2 Z 2+ Z 2 Z8 Z8

generators 117 4 2a' 0'7114 ° V 4 ,  0 117010 C7

2 = 20 21

Z8

22 23

Z2 Z 8+ Z 2  I-  Z2 Z 2+ Z 2+ Z 2Ker. d

generators v70101)17 0'0j4 P " , a'vi4, 0 ' 5 14 eV it4  , EC'  I 71768

We consider z 5(Sp(2) :2) by dividing into three cases.

Case 1: 1 = 8, 9, 11, 12 and 1 9 .  For these values of i, it follows
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from the exactness of (5. 3) and ii) of Lemma 5. 2 that 7ri (Sp (2) : 2)
is isomorphic to the cokernel of A : -> a l  under the injection
homomorphisms i * . Then Theorem 5. 1 is  o b ta in ed  b y  i) of
Lemma 5.2.

Case 2 :  1 =10, 15, 16, 17 and 23. For these values of i ,  it
follows from the exactness of (5. 3) and i) of Lemma 5. 2 that
z i (Sp(2) : 2) is isomorphic to the kernel o f A : 7-4  >  ,  under the
projection homomorphisms p * . So, Theorem 5. 1 is established for
these values of i ,  by ii) o f Lemma 5. 2 and (2. 1)'.

Case 3 :  1 =13, 14, 18, 20, 21 and 22. W e have to determine
the extension (5. 3). W e remark that, by Lemma 2. 3, we may
consider that the sequence (5. 3) is induced from the homotopy
exact sequence associated with an S 3-bundle over S 7 having the
characteristic class At7 = V.

First consider the case 1 = 13. By Lemma 5. 2, w e have an
exact sequence

0 Z 2 El) Z2 --> e 1 3 (S P (2) : 2) Z ,->  0 .

For the result 7-r13(SP(2): 2 ) -  {Evd °vie, 4973114}, it is sufficient to
prove the first relation of (5. 1) : 2[)) 7] ovi o = E { 2/ ,  2 1'6 ,  1, 91 by
the definition o f 6 '. Then it follows from Theorem 2. 1

2Ev7] ov1, [2v7].v 1, =

For the case 1 = 1 4 . We have an exact sequence

P0 Z4 Z14(SP (2) L)Z 4  ->  0 ,

where the first Z. is  generated  by i * ,a ' and the second b y  2G-'.
We have p * (2[201)= 4u'=12a 1 =P*([12c 7]o u '). It follows

2[20-'] [1217]oo-' mod i g„t6' and 4[20 -1 [12t7]oEcr" m o d  2 i '.

By the definition of and by (7. 14) of [7],

± E 2 p ' =  2 5 E 2{v„ 8t,„ .

We have also

E 2 {17, 4c4 , cr"} C 121,„ 4c,, 2E01 1 (2{ 5 ,  8 ,  Eo-'
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It fo llows ± E 2 ' =--- E 2 {v', 416 , o - " }  mod {v,&,, v,D.J .  Since { 4
8
, v517 8}

is complementary to the image of E 2 : 7z.14(S 3 ) —>7r16(S 5 )  and since
the kernel o f E 2 is generated by 8 ,v„ and v 2 ,  we have

tc' 416, 0- " }  mod { 311,f 1 / 6 61 •

Applying Theorem 2. 1, we have

4[201 [1212]0E0 - "  i ' mod 2i * fil .

This proves 7r14(sp(2) : 2)— {Pal }a n d  4[20 ] =  ±
For the case i = 1 8 , we have an exact sequence :

—> Z 2 —> 7r„(Sp(2): 2) —> 0 .

where Z, is generated by i* 6, and Z , by By Theorem 2. 1, we
have

8[ -2] = E  4 1 1 / , 8t 7} ,

W e have, by (7 . 4 ) and (5. 5) o f [7 ],

ins 8 1 1 7 1 1  =  1
975 f  2 1

1 7 1 1  =  ins •  4 P 8  •  2 1 1711

{97 , 1a ,  21 17}i {4 5 ,  1.
6
8 , 2 1

17} 1

=  {2 v „  2 8 , 2117}1 = {2v 2 , 0, 2 117}1

9 0.

Note that the equality holds, since these secondary compositions
have the same indeterminacy 27/.1 8(S 5 )--- , , Z 2 . Then it follows that
8[ -

2]=  0 ,  and the above sequence splits.
Consider the case i =20 . W e have an exact sequence :

P*
0 —> Z2EBZ, —> 7r 2 0 (SP(2): 2) Z2—> 0 ,

where Z E I)Z , is generated by i * 7-1,2 and 4973/140-
12 and Z , by v7cr16v17•

Obviously, b  (F*.L_I-Yrio_.° V17) V7(710V17 •  E (2 œ 1 0 7 " 1 7 )  2 C F 1 1 V 1 8  0  by (7.20) of
[7 ]. Then it follows from Lemma 2. 2

2 ([ 70- ,0 ] . , )  =  [1 ., 7 ].(20 - ,0 v1 7 )  =  [ 7].0  =  0  .

This shows that the above sequence splits.
Consider the case i =  2 1 . W e have an exact sequence :

P*
0 7-(21(SP(2): 2) Z, ---> 0,
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where z 4 ez2 is generated by i * ,a/cF„ and 49737z4 and Z 8 is generated
b y  0- '0- 14 • In the proof of the case i = 1 4  w e have an element [20- 1

such that P * [20 - ' ] = 2 0 - ' and i* p'=±4[20 - 1 .  Thus

P * ([2 0 - 100 - 14
)  =  2c/cr1

4 =  P * ( 2 Lcri cri4i)

a n d  ± i*fs'OE14 =4[2 0 1 ° 0 - 14 •

It follows that

8 [0 - 'c14] ± i * ik / 0 - 14 mod 4 4 7 1 ,  4 4 7 1  =  O.

Therefore we have 8 [0 - '0- 14 ]=  ± i*itilœ i4 , and

14 , 4 , Z 3 2  
0 3 Z 2 •zzi(SP (2) : 2) {LT  0- _0 3

-i-,

Consider th e  case  i = 2 2 .  W e  h ave an  exact sequence, by
Lemma 5. 2,

0 —> n" 22(SP (2 ) : 2)z e z 2 e z 2 - - >  O,

where Z 4  is generated by i * rt,' and z8ez2ez2 by P", Cri f
i 14 and 0- / 6 14.

First we prove that the relation

2 [0 .',D14]  =  2[Œ'6 14]  =  0

holds fo r  suitab le choice o f [0-'1744]  and [0 - / (9 1
4] .  P*([OE'9744]0 0 E15)=-

OE/97140- 15=OE/ 14+cr'st4 by Lem m a 6.4  o f  [ 7 ] .  Thus we may choose
[OE/ 1;14] such that if  [0-' 914]  is given then

=  [OE/ 6 14] +[OE / Th4]oOE15 •

Since 2 [o - '9714 ], = 0 ,  w e have 2[0-'1714] = 2 [ 0 - '&44] .  Let a  be an element
of the secondary composition {[OE'vid 2t15, 14514. W e have

0-'6 1 4  c {97 4 ,  2t15, vT511

c  l c / n u ,  2t15, 84 5 1 ] . )P * { [Œ 'n 1 4 ] ,  2 t 1 5 ,  , q 5 li •

26 15 , 7 4 5 1 , is  a  c o s e t  of 0- '9714 0 E 7 rli+ .7. 760246 which is generated
b y  0- ' , 7140- 15— 0-'&14 6T?/ 41.1 6 - 0 , / -671) 16  E  7490 V ig  -  0 , 1 4  L .4 (1 1)7 .151'1 6

= 0  and n L7
6

 ESV 6  7  1 5 1 j O. T h u s

P*6  =  T ' 6 14 X ( C r i 0 14 C r 1 8 1 4 ) x  =  0  or 1.

1Set [ 0 - '& ii]= a + x (L O E ' 4_ ° Œ 15n ) then p*[cr'814]-0-'&1 4 • We have
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2 [ 0 '1514] E TOE' 7/14], 2 1 15, 14511° 2 1 22

=  — EOE'n141 0 E { 2 t1  P T 4  2 1 20} by Proposition 1. 4 o f [7 ]

V 9714]"714 14 5

E  — V 971,1 0 E { 2 1
14, v?4, 2t20} by Corollary 3. 7 o f [ 7 ]

Thus 2[0-'61 4 ]-7=- 0  mod G , where G = P - in14 ].E 7r 2 1 (S 1 4 ).2t 2 2 = 2 E0 '97141
0E7r2 1 (S 14) = O. W e  have proved the required relation :

4 (7% 4 ] =  2 [o-'&1 4 ]  =  O.

Next, by the definition o f p",

p * I[20-1, 161
1 4 >  1

3.
1 4 1 1  C  

f p * [ 2 0 - 1 ,  16/54, 1.(T14, 1
1147 ° - 14, 1= {20- ', 16 1

210- ', 8114, 20-1411D 2p" = 2 P*EP1

Thus { [20-1, 16
1 1 4 >  

Cr
1 4 }  1  -

2 [ p " ]  mod G , where G  is generated by
i*Td, E2crl°1;14, [ 2 a 1 . 6 1 4  and  CŒ'211411.0-15. It is easy to see that
4G= O. T h en  w e  have

8 [e ] =  4 {[2 0 -1, 161 1f  1714, 1 •

By the definition o f Te,

4p' E 4 1 1 4 , 4Œ1 4 } 1(F 14, 1

C  i i * t e )  4 114, 4 (1 . 1411

=  ± { 4 [ 2 0-1 ,  411 4 , 4Œ1 4 } 11

-14, 1C {[20-'], 161 5 4 , 40  1
D ± { [20-1, 16 1 1 4 >  C r 1 4 } 1 0 4 6 2 2

= 8[1)"] .

Thus 8[p"]=-- ---  i * P '  mod [2OE1.7.121+7r,(SP(2)).40-15• 7r1 5(SP(2))040-„
—47r1 5 (S P(2 ) : 2 ).0 -„=0 . [2e] o r11' is generated by [20-/ 

o  V 1 4  
and

[2010E 1 4 ,  which are in i * 4 2  an d  o f order at most 2. Then we
have

8[101 i*T/' m od 2i * A 2 , i.e., 8 [9 1 = ±i*Tij •

By these relations and the exactness of the last sequence, we have

7r2 2 (SP(2): 2) ---- {E e l  [ cr'r,5 4 ], [0- '&,4 ]1 Z 8 2 €1)Z2 (1)Z2 .
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§ 6. T h e  hom otopy groups v i (S U (4 ) )  f o r  i < 2 3

We shall prove the following theorem mainly by use of the
known results given in the previous sections.

From the fibering SU (4)/ SU (2)— SU (4)/ S 3 S 5 x  S 7 , we have the
following exact sequence :

(6 .1 ) 1(S3)--*--i 7.ri(S U (4 )) -T r i ( S 5 )  ED 7ri(s7 ) 7r1-1(Sc) — > •" •

W e denote by [a EBIR] an element o f  7r1(S U (4 ) )  such that
PAceEDR]=aeleG 7ri (S 5 )EDz i (S 7 )  and if i > 7  and <MG 7r E 3 7 r 7, then
[ a l e i & ] E  i (SU  (4 ): 2).

Theorem 6 . 1 .  The homotopy groups n- i (S U (4 ))  f o r i < 2 3  and
generators o f  th3 ir 2-prim ary  com ponents are listed in the follow-
ing table.

i= 1,2 3 4 5 6 7 8 9

7r1 (S U (4 )) -_-• 0 Z 0 Z 0 Z Z8 + Z3 Z2

gen. o f  2-comp. i*e3 [2(s] [71REB677] Cv5e7271 [v50777]07;8

i= 10 11 12 13 14

7r,(SU( 4 ) ) - - - -- 4 + Z2+ 45 Z4 Z4+45 Z4 Z56 + Z2 + Z .05

gen. o f  2-comP. [v7 ], rvoai [4] [e ] Cv71.1, 10 [7256603al,EvElov11

i= 15 16

z,(SU(4))f- ----' Z8-HZ2+Z9 Z8+Z2-1-Z2+Z2d-Z2H-Z63

gen. of 2-comp. [v 5 e777 ]0a8, [a ' 7714] [C5 a t 7 ] ,  [ v 5 P 8 ] ,  [ 0 ' 7714]° 7/15, DA° v io , [V5ED7i7] °  6 8

ti= 17 18

7r,(SU(4))= ---.'- .Z8+Z2-F-Z2-F-Z2 Z5 Z8+4+Z2+Z313+Z3

gen. of 2-comp. [v 7 ] 0 01 0  , [vE]. v .T, 7 D., 5718691 Eva 717 i° /re [C7], [V 5 T 1717] °  0 8 Vi5 y [ V 0 0 19]

i = 19 20 21

7 7 (S U (4 ))_, - Z 4 + Z 2 + Z 3 Z4 + Z2 + Z15 Z.6 + Z2

gen. o f  2-comp. Co"]oCj
2 , [V51.78]° V16 [P i n  [ 117] °  co V17 [0'014 ] ,  [7756e2K7]
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i = 22 23

7ri (S U(4)).----z Zi6.-EZ44-Z2i-Z24-Z165 4 -1-  Z2 - I-  Z2 + Z2 f Z2 + Z3

gen. o f  2-comp. [p "], [v 5 K8 0) -i 7 ] ,  [a '1714 ] ,  [ 0 , '5 34 ] Fr IC,EBe r] oci6, [ )568], [a' ], EEC'],

W e have the follow ing relations:

(6. 2) 2E141 = i* 8  3 , 2 P - ' 1  =  4 1 - 63 , 2 [ 1.'7]° =

81:106  ED ( 7 1 i*/2 f 2E1'5 ED 1121 ° Cr8 V15 Z 93,

2[0-" ] 00-12 = 2[148] = i*P3( 7 12 2[P i v ] i*T43,
8[0- '0-14] = i*I2 0 - 14 and  8 [p "] i * Te

Consider the bundle SU(4)/Sp(2)=S 5. Since the order of its
characteristic class 1 t 5 = i 3 i s  2, w e have, by Lem m a 2. 3, iso-
morphisms

71- i (S U (4) : p ) 1(S 5 x SP(2): p ) 1(S' : p )ep  n i (SP (2) : p )

fo r  odd prime p .  Then the results fo r  odd components follow
immediately from the tables (4. 2) and (5. 2).

From (6. 1) w e have the exactness, for i > 7 ,  of the following
sequence :

(6. 3) 0 —> Coker (A : 7r4i 7r7 4- 1 7r,)
* P*

i (SU (4) : 2) Ker (A : 7-t7 7/.7 74_0 0 .

Obviously, the above A  i s  the sum  of the A 's o f (4. 3) and
(5. 3). Then the following lemma follows from Proposition 3. 2.

Lem m a 6 . 2 . i). For the case i=8, 9, 10, 15, 16, 17 and 23, the
homomorphisms A : ,Err) n-7 7 q  are epimorphisms. For the other
values of i, 7 < i< 2 3 ,  we have the follow ing table of the cokernel
and representatives of  their generators.

1= 11 12 13 14 18 19 20 21 22

Coker. 4-_̂.z Z2 Z2 Z2 Z2 Z2 Z2 Z2 Z2 Z2

rep. of  gene. E3 /23 e At' 53 113512 ;6 3 u'014 "ii'

ii). The k ernels of the homomorphisms A : 7,7 -->
7 < i< 2 3 ,  and their generators are listed in the following table:
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i --- 8 9 10 11 12 13 14

Ker. 4----7-'.. Z8 Z2 Z2 + Z8 Z2 Z2 Z2 Z8 + Z2

generators va n , (2) 5 e)71 7 )<478 v 5 ng , 1) 7 vN 0,,, 14 7556 0 ', ,4

i= 15 16

Ker. LI-f:=_.! Z8 + Z2 Z8+Z2+.Z2+Z2+Z2

generators (v 5ED 77)°08, 0 '7714 C 5ati7  , 1 , 5v 8 , a'77i4 ,  0 7  , ( v 5 e 717)°68

i = 17 18

Ker. 4.-_- .43+Z2+Z2+2.2 Z 8 +Z 2 +Z 2

generators 1,7c10, v ,  v 5 7785 9, (v 5E9 777)°,tt8 C7 , V 5 8 # 9 ,  (V5a8E0 17'7)`" V15

i = 19 20 21

Ker. 4-_-_--! Z2 + Z2 Z2 + Z2 Za + Z2

generators v 5C s, V5V8V16 p I V ,  p  a I)7-10-17 C'014, 72626E13257

i = 22 23

Ker. ilL=-_-' Z8+Z4-HZ2+Z2 Z8+Z2+Z2-1-Z2+Z2

generators p " ,  V s l c 8 e 6 7 ,  0 ' 1,14, 0 ' 5 14 (225e / 4 )  0  ai6 ,
 V 5 1 8 ,  6 ' ,1 14 P  EC' , 7774 .

T he resu lts fo r i < 7  in  Theorem 6 . 1  are  verified without
difficulties from the exactness of (6 . 1), so we omit the proof.

We shall compute the 2-primary components. We see that
the above lemma, the exactness o f (6 . 3 ) and the relations (6. 2)
imply the results for the 2-primary components in  Theorem 6. 1.
So, it is sufficient to prove the relation (6. 2).

The first, second, sixth and seventh relations in (6 . 1 ) follow
immediately from the corresponding relations in (4. 1). The third,
eighth and ninth relations in (6. 1) follow from (5. 1). From the
second relation of (5 . 1), we have

4[20 -1 --= i*/.6' ( in  7 r 1 4 ( S U (
4

) ) )

Since p*C20- 1=P*(2[975e6g0-1 ) , we have 2[9/58 6e 0 -1 - --=[20-1  mod i*P'•
It follows the fourth relation 8[975563 cri =

It remains to prove fifth  relation
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2[v, ED n j o r r , v „ .

W e have

2 [1 .15 CD 977] ° O E 81)15 [1'5 3]71°2cr8v15  —  EV 5  e ii71 0  v8o-n.
and CL, 5 977] 02, 8 [2.) ]  m o d  2 [ ] ,

since P*(cp5  n 7 1 ° 6 ) =  ey7v8 = It follows

2E1)5 GI) =

By Theorem 2. 6, w e have

Evg]°Œ n E i * E
* 1774, 14, 0 - 1,1 •

B y Proposition 1 .2  a rd  (7 .1 9 ) o f [ 7 ] ,  w e have

1g, Œill C 24, 0- 1211D Ins, v90- 121.i 1'6 2 7 51)1611

and {n 5 , c  n16,2 f- , 5 7 2L' 5 , cr9L, i6 li {6.75, 266, 2)6'7 97)16}1 •

The indeterm inacy is 9750E7r9+7ti 3.0- , ±  ° O 9 L)16 . 7 1 5 0 E 7 e . 9  21 5° 2 7 40

=  21 5° 2 6  6° 74 0  = 1  5 ° 740 =  0 ,  by Theorem 10. 3 o f [ 7 ] .  71- i3 .0 - 13=  {
6 5a.13}

= 0  by Theorem 7 .1  and Lemma 10. 7 o f  M .  4  ° 0 -92.,16 = {1, 08Œ91, 16}

{v5(E 0 - '7)15 4- 11) 8 +  8 8) )16} 0  b y  (7 . 4 ), (5 . 9 ), (7 .17 ) and (7 .1 8 ) of [ 7 ]•
It follows that

E 4 , v2, (Yu} { 775, 2 16, v6(7 61-'16}1

and this consists of a single elem ent. W e have

v50-a vi 5  =---= 114, 2t 1i ,  24.11.1 m o d  P08/-69

since H(50 - 8v15)=1/{wL 2111, 1 } 1  = $  and the kernel of E  is generated
b y  vo,/.6, (cf. Theorem 7.7  o f [ 7 ] ) .  Then

V60r5V16 E  { 14 7 21 12, 6 42 }

since E (v 5 3 6 [69 ) = 0 .  B y Proposition 1 .5  o f [7 ] ,

{n5, 21 , 6, E  { , 75, 216,2 1 1 2 , 14 .2 } } )

E 266, 141, 211 3 , 1431+ {?/5, {26 6 , 14, 2 1 12}, 143} •

Here we have th at {9.1„  2 t 6 , 24} consists of the element 65 b y  (6 .1 )

and Theorem 7 . 1  o f  [ 7 ] .  B y C oro llary  3 . 7  o f  [ 7 ] ,  w e  have
0= 77 6 4 E  { 2 1 6, L '2, 2 0  and hence {266, 2112}-2 7 -c12 (S 6). So, w e  have

In5 7 2 1 6, V 0 ' 92'161'1 G {6 5, 2113 , 2 4 3 1 +  in 5 , 2 a , Pis} •
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By the definition of (75 , 6 5 E {& „ 2t„,14 31. We have also 0 E 6 5 , a, 01
{975 , 2a, 143}. It follows

{7/5, 216, 5, 60-9v161 m od G

where G = n5° z20(S6 ) ° 244 = 7/5 0 7r.6to = O. B y concern ing th e  be-
havior of E  in Theorem 10. 5 of [7 ] ,  we have

= E*1714 , 215 , v50- 81)151 •

Therefore we have proved that

=  * E* {th, 2t„ 1)5(7'81'151 = i43  •

This completes the proof of Theorem 6.1.

§  7 . Problems

In the previous computations it seems that the following two
problems are true.

Problem 7. 1. I s  the follow ing diagram  commutative?

E 2

7.1(S 5) 7-ti,2(S7)

n-i _ i (S 3 ) 11-1+1(S3)
\ E 2  / H

This is surely true for threi + ls(uS 2pension elements in  z i (S 5 ).

Problem 7. 2. Let an elem ent a of 7t i (S 5 )  satisf y  the relations

2 a  =  0  a n d  Aa = 0 ,

w here A  i s  the boundary  homomorphism fo r th e  bundle SU(3)/S 3

=S 5 . Does there ex ist an element [ a ]  o f z 1(SU (3 )) and an element
,3 o f 7r1(S 3 )  such that

P * E a i  a • i * re  =  2 [ a ]  a n d  H(0) = a?

Kyoto University
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