CHAPTER 8: The Chicago Stems (ni, 32 = N = 45)
1. Introduction

The stems of dimensions 29 to 45 were first computed using the classical Adams
spectral sequenceby Barratt, Mahowald and Tangora [10], [37] as corrected by
Bruner [16]. Since all three of these authors have connections to the Chicago
area we have taken the liberty to name these stems after that city. We
continue our calculations from Chapter 5 to recompute these stems from the
Atiyah~Hirzebruch spectral sequence. We compute the first seven of these
stems in Section 2 and the remainder in Section 3. In Section 4 we collect
all the computer computations of tentative differentials. The results of this

chapter are summarized in Appendices 1 to 4.

2. Computation of ni, 32 = N = 38

In the tables of leaders below, all leaders of degree greater than 40 will
have an asterisk at the left. They will be omitted from all other tables of

leaders in this section except for the last one.

Recall from Figure 5.3.7 that there are five leaders of degree 33 and three

leaders of degree 34. Now A{SO]M? transgresses to vA[30]. By Lemma 3.3.14,

ngA[SO} is divisible by two. As we shall see, the other elements of nig all

have order two. Thus, ngA[BO] = 0 and nA[BO]M1 must bound. It follows from
the following lemma that dB(A[lsmfﬁz) = A[23]Mffi2. Therefore, there is only

one possibility: d  (c“MM) = mA[30IM .

LEMMA 6.2.1 (a) n°Al30]} = 0

(b) oAl18] = A[23] and vA[23] = 0
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PROOF. (b) Since dm(sz) = A[16], it follows from Theorem 2.4.2 that
Al16] € <0°,2,w>. Therefore, o-Al16] € o<o, 2, > ¢ <o°,2,m> = <vC[18],2,w>.

By Theorem 2.4.2, A[23] = ds(ZC[18]Mf) is an element of the last triple

5]

product. This triple product has indeterminacy vC[18]'n§ + nn,,

Z (4vCl[20]1) because ns =2Z n2 and ns = ZvAl19] @ Z nZC[ZO]. Thus, ocA[16]
2 2 2 22 2 2

8
0,23

A[23] + 4kuvC[20]. However, A[23] was only defined as dG(CI18]Mf) € E

nzz/stC[ZO]. Thus, we can define A[23] € "23 so that it equals cA[lB].'

We are thus left with three nonbounding leaders of degree 33 which define
nonzero elements of “22’ dzé(nZUMfﬁa) = Al32,11], dZZ{ZBlMill = A[32,2] and
dlz(vC[18]be—42) = A[32,3]. As we shall see, 3A[32,2] # 0 and vA[32,3] # O.
From the former relation it follows that A[32,2] is not divisible by 2. Our
computer computations show that A[32,1]Mf, A[32,2]Mf is a d?4~boundary,
d22—boundary, respectively. Therefore vA[{32,1] and vA[32,2] are divisible by
n. It follows that 2wA[32,1] = 2vA[32,2] = 0. Hence A[32,3] can not be
divisible by 2. Thus, niz is an elementary abelian group. We have thus
proved the following theorem.

THEOREM 6.2.2 "22 = ZZA[32,1] ® ZzA[32,2] ® ZZA[32,3] ® szr3

and nA[31] = 0.

The computations of Section 4 show that we have the following leaders.

Row Degree Leader Row Degree Leader
38 35 oM M *23 63 ¥ M°

12 21

62 3
11 35 B MM 23 35 4CI201MM,
15 37 y MM *24 60 nAl23 MM

11 2 1 2

*17 51 nzariMi'l 28 36 A{slcizomlﬁg

18 38 cl18] (M:M_z;znﬁz) 30 34 Al 301Mf
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*19 55 BzMis 31 39 nAl30] Mlﬁz

*21 53 vc{18]Mf§2§3 31 35 A[slmf
*22 B2 VAl 19]M:M2<M3> 32 34 AL32,11M,A[32,2]M
*23 g7 oAl 16]M’15r_4:§3 AL32,31M,

FIGURE 6.2.1: Leaders from Rows 1 to 32 of Degree at Least 34

There are four leaders of degree 34 and four leaders of degree 35. We know
that 4vC[20]M?ﬁ2 transgresses to A[14]1C[20] and A[Bl]Mf transgresses to
vA[31]. Since A[30] = d24(2ch12), A[30]Mf could only bound from below the

7 row, and there are no such leaders of degree 35. Thus, vA[30] = d4(A[30]M?)
24

# 0. Our computer computations in Section 4 show that Zsleﬁi in E

is in

Image r Therefore it can not hit A[32,k}M1 for k = 1,2,3 and must

A
1

transgress. If nzA[32,k] # 0 then by Theorem 3.3.14 it must be divisible by
two. Assume that nvaZﬁz transgresses. Then there is one leader of
degree 36, A[8]C[20]M1§2, which can hit an nA[BZ,k3]M1 and there are two
leaders of degree 35 to transgress to elements of order four:
26, 2 772

(n

- _ .2 24 B2y _ .2
oMM) = B, 2B = nA[32,k] and d”'(BMM) =B, 2B = nA[32,k].

d
Since ° = 4v, nSA[BZ,kll = naA[Bz,kZ] = 0. Thus nzA[32,k1]M1 and
nzA[32,k2]M1 must both bound. However, there is only one leader in degree 37
which can hit such an element: ylM?ﬁz. This contradiction implies that
nzoMjﬁi does not transgress and hits one of the A[32,k]Mi. Since A[32,1]
bounds from the 8 row it follows that if A[32,1]M1 were to bound it would have
to bound from below the 9 row. There are no leaders there. Thus, A[32,1]M1
does not bound and k # 1. Recall from the proof of Theorem 5.3.9 that

d*S(BIMio) = A[BICI20IM.  Apply r, to see that 2311451’ hits A[8]C[20], and
1

let R(ZBlM?} represent Zﬁle such that 8 R{ZBIM?} = A[81C[20]. Since

ZBlMil transgresses there must be an S in filtration degree 20 such that
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(R(ZBIM?} A ”2) U S represents 281“11 and
8 S = Al32,2] v (R{2BIM?} A v) U (A[8ICI20] A p). Then

8 {[s Al v [R<231Mf> AB 1 U B A ) v TAIBICI201(p, v, )]

A[8]C[20]17m

9 =
v [R(2BIM1)(U v, M1k = (A[32,2] Aq) v (A[8]C[20]an) u (BA[suxzo]n A v).

Therefore, nA[32,2] € <A[8]C[20],7m,v> and d°(A[8ICI20IMM ) = nA[32,21M, .

In E°, AIBIM M, is homologous to A[smlﬁz. Therefore, ds(A[SIC[zomlﬁz)

= nA[32,2]M1. Note that A[8]C[20]M1§2 is the only leader of degree 36 which

could hit a leader of the form nA[32,h]M1. Thus, dS(A[B]C[ZOIMlﬁz) must be
24, 2 T2

nonzero. Therefore, k = 3 and d” (9 0M1M2) = A[32,3]M1. We have thus proved

the following theorem.

S _ 2
THEOREM 6.2.3 LI szA[QO] ® ZZnA[32,1] @ ZznA[32,2] ® 22¢x4 ® Zzn 7,

and nA[32,3] = 0.

The computations of Section 4 show that we have the following leaders.

Row Degree Leader Row Degree Leader

. 2 2172 =

3 63 oMM 31 39 nAI30IM M,

11 35 B MM 31 35 A[31]IM°
112 1

15 37 ¥ MM 32 40 A(32, 11
112 1

18 38 Cr18] (M*MP+2M'M ) 32 38 A[32,2]M

12 12 2

23 35 avCl zomfﬁz 32 36 Al32, 3]Mf

28 36 A[8]C[20]Mlb_42 33 37 vA[ao]Mf

30 38 A[BO]M:‘ 33 35 nA[32,11M, mA[32,2]M,

FIGURE 6.2.2: Leaders from Rows 1 to 33 of Degree at Least 35

There are five leaders of degree 35 and two leaders of degree 36. Now
A[32,3]Mf transgresses to vA[32,3], and we proved above that A[8]C[20]M1f4-2

hits nA[32,2]M1. Thus, the other four leaders of degree 35 transgress to
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nonzero elements. One of them B[34] must have order four with 2B[34] =
7°A[32,1]. The only possibility is B(34] = d*(8MM). By Lemma 3.3.14,
Bi34] e <n,2,A[32,11> {6.11]
We have thus proved the following theorem.
THECREM 6.2. 4 nS = Z B[34] ® Z_A[14]C[20] @ 2 vA[31] @ Z na
34 4 2 2 274

where 2B[34] = 5°A[32,1] and n°A[32,2] = O.

The computations of Section 4 show that we have the following leaders.

Row Degree  Leader Row Degree  Leader
11 39 Z (28 M''™M ) 32 40 Al32, 1M
4 11 2 1
15 37 ¥ MM 32 38 Al32,21M
112 2
18 38 c{18] (M:ﬁz+2m;’ﬁ2) 32 36 Al32, 3]Mf
28 38 A[8]C[20}Mf§2 33 37 uA[3o]Mf
30 38 A[BO]M': *33 41 7;A[32,2]er_»12
31 39 nA[BO]Mlb_'Iz 34 40 vA[31]M::, B[34]Mf
31 37 AL31IM, 34 36 A[141C[201M , 2B[34]M,

FIGURE 6.2.3: Leaders from Rows 1 to 34 of Degree at Least 36

There are three leaders of degree 36 and three leaders of degree 37. Clearly
A[31]M2 and vA[SO]Mf transgress. d2(2B[34]Ml) = 2nB[34] = 0 and thus 28[34]M1
must bound. The only possibility is dzo(qlel’ﬁz) = 2B[34]M . Since A[sz,nﬁz
is a d°*-boundary, vA[32,1] can not be nA[14]C[20] and vA[32,1] must be zero.

We have thus proved the following theorem.

S
3

THEOREM 6.2.5 =w 5 = ZznA[14]C[ZO] ® ZZUA{32,3] ® ZBB4

and nB[34] = wA[32,1] = 0.
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The computations of Section 4 show that we have the following leaders.

Row Degree  Leader Row Degree  Leader

11 39 24(231M11M2) 32 38 AL32,2]M,, A[32,3]M,
15 39 z, M 33 37 vAI301M

18 38 c[181(M’:ﬂ2+2M;’§2) 34 40 :;A{31]M:;, 3{34]»1?

28 38 AL8ICI201M Y, 34 38 AL141CI20 M

30 38 AL301M] *34 42 28[34]»41{22

31 33 nA[30IM M, 35 41 vA[32,31M)

31 37 AI311M, 35 37 nA[141C[201M,

32 40 Al32, 1]M':

FIGURE 6.2.4: Leaders from Rows 1 to 35 of Degree at Least 37
We will use the following lemma to see that vA[SO]Mf bounds.

LEMMA 6.2.6 (a) »pAI30] e <0,C[18],0> = <C[18],0,20>.
(b) v2A[30] = 0.
12 12 12
PROOF. {(a) d (ZG‘M1 } = A{30] so we can represent ZGM1 by
M= 20<M% U (B, ., A <M‘:>2) union an element of filtration degree 14.

Then vA[30] = 8 [(v A M) uad (B A <M>%)]
veo 1

8 [(v AB.__ A<M U (B A 30<M'>®)UF] where F has filtration degree 14;
2030 1 veo 1

] [3C[18]<P§>2 v F] since C[18] = <v,2¢,0>. By Theorems 2.4.2 and 2.3.7(a),
pA[30] € <o,Cl18],0> = <Cl[18],0,20>. [6.2]
{b} va[BO] € v<e,Cl18],0> = <p,0,C{18]>0 ¢ a-ns = O.l

28

From Figure 6.2.4, we see that there are three leaders of degree 37 and six

[\M]

leaders of degree 38. Clearly A[BO]M:, A[32,3]M2 and A[14]C[20]M transgress.

O =

A to see that 231M hits
1

Since dw(BlMio) = A[8]C[20]M, we can apply r

-
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A[BIC[20]. Using ToA LA

1 2
d®(A[BIMM ) = mA[141M, d®(A[8IC[201M:M) = mA[14]C[20]M . Therefore,
nA[14]C[20]M1 must be zero in E°. The only possibility is:
d4(A{32,2]ﬁé) = nA[l4}C[20]M1. It follows that

vA[32,2] = nAal14lC[20].

we see that dlB(ZBlMile) = A[s]c[zomfﬁz. Since

[6.3]

By Lemma 6.2.6(b), BA{SO]MT must bound. The only remaining possibility is

that dIS(C[18](H§?;+2M:§2)) = vA[:so}Mf. Now there is no possibility for
A[311M, to bound. Thus, A[36] = dG(AIBHMe) defines a nonzero element of

We have thus proved the following theorem.

S

THEOREM 6.2.7 n_ = Z Al36]
35 2

The computations of Section 4 show that we have the following leaders.

Row Degree  Leader Row Degree Leader
11

11 39 z, (28 MM ) 32 38 Al32,3]M,
15 39 Z oy M2 *33 45 pA[30]1M°

471 1 1
18 40 2c[18] (M*M +3M°M ) *33 41 nA[32,2]M M

13 1 2 1 2

28 a8 A[81CI201M M, 34 40 vAL31IME, 8[34]Mf
30 38 A{SO]M‘: 34 38 A[14]C[20]Mf
31 39 nA{301M1H2 *35 43 nA{14]C{20]M1ﬁ2
32 40 A[32, 1]M: 36 38 AT3BIM,

FIGURE 6.2.5: Leaders from Rows 1 to 36 of Degree at Least 38

The following relations were discovered by Bruner [16].

LEMMA 6.2.8 0A[36] = v?A[31] = O

PROOF. Since A[36]

d°(A[31]M,), Theoren 2.4.4(b) implies that

A[3B] = <w,n, Al31]>.

S
n__.
38

[6.4]
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Therefore, pA[38] = n<v,n, Al31]1> = <q,v,w>A[31] = v2A[31]. Now

Al31] = dm(uA[lgmfﬁz), so v°A[31]= nAl36] is hit by u3A[19]Mfﬁ2

= nA[8]A[19]Mf§2. Thus, A[36] is hit by A[8]A[19]Mf§2, and
d'°(A[8TA[18]MM) = A[36]M . Therefore, nA[38] = 0.

There are five leaders of degree 38 and three leaders of degree 339. We have
already observed in the proof of Theorem 6.2.7 that dle(ZBlMile)

= A[BICI20]MM,. Recall that Al8IM, = dS(vafﬁz) and Al14] = d‘a(qumfiz).

Note that A[8]§2 is represented by (A[8] A ;2) v (B Apl)uB

Al81V 1 <Alsl,v,m>’

Therefore, 2A[8]ﬁé va [(B Aup ) u (B A M)l

2A[8] 01 <2,Al8]1,1>

= (B AB ) u 2B
vy

A
oALS] n) represeents A[14]. One

westo,m ¥ B e, v
conseqgeuce is that

Al14] € <2,A[8],v,7>. [6.5]
A second consequence is that 431M?M2 has a representative with boundary
Al14]C[20]. Since 451M:1M2 survives to E°F, dz‘i(l&BlMile) = A{14}C{2omf.
Observe next that A[BO]M: could only be hit from below the 7 row and there are
no such leaders of degree 39. Therefore oA[30] = dB(A[BOIMj) # 0. Since
ToA (A[BZ,B]MZ) = A{32,3]M1 which bounds from the 8 row, it follows that

1

A[32,3]M2 can only bound from below the 9 row, and there are no such leaders

S
37’

of degree 39. Thus, A[37] = dS(A[32,3]M2) is a nonzero element of = By
the proof of the preceding lemma, dlo(AEB]A[lgleﬁz) = A{38]M1. Since
A[8]A[19] e CokJ27 = 0, A[BS]M1 must bound from above the 27 row. There is
only one possibility: ds(nAlso]leiz) = A[36IM,. (It follows that

{nA[30] + A[31})Mf is a d'®-boundary and the image of the leading differential
d‘a(qzm‘:nz) should be denoted by (nA[30] + A[31])M even though A[31IM is
zero in EIB.) We have thus proved the following theorem.

THEGCREM 6.2.8 n§7 = ZzA{37] ® ZZUAIBO} and vB[34] = vA{14]C[20] = O.
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The computations of Section 4 show that we have the following leaders.

Row Degree Leader Row Degree Leader
*11 41 231Mf§: *32 42 A[32,31Mf
15 38 zi(zlmiz) 34 40 vAiBl}Mf, A{lQ]C[ZOIﬁz
18 40 2c[181 (MM +3M°M ) B[34IM
13 12 1
*30 60 AL30]<M,> *34 42 2B[34]M1ﬁ2
3
31 a1 nAlaoJMf *35 41 vA[32,3]M]
32 40 A[SZ,I]M: 36 40 A[36]Mf
37 39 AL37IM,, oA[301M

FIGURE 6.2.6: Leaders from Rows 1 to 37 of Degree at Least 38

The proof of the following lemma requires knowledge of the computation of Ri
for N = 50. Thus, the reader will understand the proof better after reading

the rest of this chapter and Section 7.2.

LEMMA 6.2.10 70A[30] = nA[37) = v°A[32,3] and oAl37] = 0.
PROOF. Since A[37] = dG(A[SZ,S]MZ), Theorem 2.4.4(b) implies that
Al37] = <v,m, Al32,31>. (6.8}

Thus, cAl37] € o<v,n,A[32,3]> = <o,v,n>A[32,3] = 0. Also,
nAl371 = n<v,n,Al32,3]> = <u,v,Al32,3] = va[BZ,BJ. We shall see that there
is an element C[44] of order eight in 334 such that 2C[44] = d‘ztuAiso]Mf} and
4C[44]1 = o°AI30). By Theorem 2.4.2,

2C[44] € <w,vAl[30],0> = <vA[30],v,0>. [6.7]
Then o A[30] = 4C[44] € 2<vA[30],v,0> = <2,vA[30],v>c and
oA[30] + kA[37] € <2,vA[30],v>. Therefore, noA[30] + knAl37] € n<2,vA[30]),v>
= <71,2,vA[301>v = <v,7,2>A[30] = 0. Thus, noA[30] = knA[37]. We shall see
that it is only possible for one of ncAl301, nA[37] to be zero. Thus,

pAl37] # 0. Assume that noA[30] = 0. If one were to continue the computation
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through degree 50 one would have the table of leaders given in Appendix 4 with
the following changes: delete 4C[44]M?, A[4O,1]Mf§2 and add nA[39,3]M1§2,
0A[30]M?§2, nA[37]Mf§2. Then nA[39,3]M1§2 = vA[37]M1§2 would transgress to a
nonzero element &£ € <v,n,vA[37],7n> = <v,nAl[37],v,n>. Thus, dlo(nA[37]M?§2) =
EMI. Now there is no way for nzD[4S]M1 to bound. Thus O = nBD[45] = 4uD[45].
However 4vD[45]M = d"(4D[45]M ) and 4D[45]M = d°(B[38]<M>), a contradiction.

Therefore, moA[30] # 0, k = 1 and noAl[30] = nA[37] = va[32,3].I

In Figure 6.2.6, there are three leaders of degree 39 and six leaders of
degree 40. Clearly A[36]Mf transgresses to vA[36]. Since A[l4]C[20]Mf
bounds, vA[14]C[20] is divisible by 1 and is zero by Theorem 6.2.8. Thus,
A[14]C[201§2 transgresses. By Lemma 6.2.8, vA[Bl]M? transgresses. By
Lemma 6.2.10(a), B[34]M? transgresses. A[32,1]M: transgresses to ¢A[32,1].
By Lemma 6.2.10(b), (A[37]+0A[30])M1 must bound. There is only one
possibility: d2°(2c[18](M‘:E3+3M‘13§2)) = (A[37]+A[30])M . ALl the other
leaders of degree 40 transgress. Thus, we have shown that n§8 has a

composition series of Z2 and Z4

THEOREM 6.2.11 n§8 = 248[38] ® ZznoA[SO] where moA[30]1 = nA[37] and ocA[31]=0.

PROOF. Let B[38] = dlz(ylMiz). It remains to show that 4B[38] = 0, not

122 . -
) hits no-A[3O]M::M2

noA[30].  If 4BI38] = 7oA[30] then 4y (M 'M_+2M °M +2M
instead of C[42]<M{>. Now 7oA[30]MM_ can not hit n°D[45]M, Cl[42]<M]>

transgresses to oC[42] and there is no leader than can hit n2D[45]M1. There-
fore, 4vD[45] = naD[45] # 0 which leads to a contradiction as in the proof of
Lemma 6.2.10(b). Thus, 4B[38] = 0. Note that A[31] = d’°(vA[1S]MM) is only
defined modulo ZZnA[3O]. Therefore, we can define A[31] so that c¢A[31] = O.I
The computations of Section 4 show that we have the following table of

leaders. The leaders of all degrees have been included and those leaders of

degree greater than 47 have an asterisk at the left.



Row Degree Leader Row Degree Leader
*g 63 ffc%f‘mz 32 40 A[32,1]Mj
11 a1 zgimfﬁz 32 42 z{sz,ale
107, S
15 41 ay MM 33 45 VA[301M
11 2 1
*17 51 n231M17 33 41 nA[sz,zlnlﬁz
18 46 4C[18](MZE3+M11§2) 34 40 vA[311M§, A[141c[20}§g,
*19 55 B M® BI341M
21 1
*21 53 vCI181MM M 34 42 2B(34]1M M
123 1 2
*22 62 vA[19]MZM§<M3> 35 a1 uA[32,3]Mf
*23 67 aA[ls]MfﬁZia 35 43 nA[14]C[20]M1§2
*23 63 72Mf° 36 40 Alas]Mf
*24 B0 nA[ZB]Misﬁz 37 41 A[37]Mf
*30 60 AL301<M,> 37 45 cA[BO]M?
31 41 nA[so]Mf 38 40 noA[301M , BI38IM,

FIGURE 6.2.7: Leaders from Rows 1 to 38 of Degree at Least 40

3. Computation of ni, 39 = N = 45,

We continue the computations of the preceding section. In the tables of
leaders below, all leaders of degree greater than 47 will have an asterisk at
the left. They will be omitted from all other tables of leaders except for

the last one at the end of this section.

From the table of leaders in Figure 6.2.7, we see that there are seven leaders
of degree 40 and six leaders of degree 41. By Lemma 6.2.10(b), d4(vA[32,3]Mf)
= nA[37]M1 and clearly A[37]Mf transgresses. Clearly nA[32,2]M1§2 survives to
E® and ds(nA[32,2]M1ﬁ2) can not equal B[38]M1 because B[38]M1 can only bound

from below the 15 row. Thus, nA[32,2]M1§2 transgresses. Since d24(271M13) =

2B[38]M and 4B[38] = 0, it follows that 471M13 must transgress. Since



150

d24(BlegZ) # 0 in the 34 row, it follows that a nonzero differential on
ZBIMfEZ must land above the 34 row. There are three possibilities for a
differential on ZBIMfﬁzz A[38}M?, B{BS]M1 or an element of nfo. Assume that
dgs(ZBlﬂfﬁzi = B[381M1. Then the new B[38]-leader is B{38]Mf which is the
only leader of degree 44 that can hit an element we will call 17A[40,1]M1 and
which we will show must bound. It follows that vB[38] = nA[40,1]} = O.
However, the computer calculations in Section 4 show that B[SS]M? and B[38]§2
are d”*-boundaries which implies that vB[38] = 0, a contradiction. Thus
ZBIMTﬁz must hit A[BS]MT or transgress. If it transgresses to £ then the
computer calculation in Section 4 shows that €M1 does not bound and thus

7€ # 0. There is no possibility to bound ngﬁl and thus nzg # 0. By

Theorem 3. 3. 14, neé is divisible by two. However, nzd26(471M13) will also be
divisible by two. There will be only one element which can be half of one

of these elements. Therefore, 231Mfﬁz can not transgress and must hit
A[38]Mf. We have thus proved that n§9 has a composition series of

2, 3, 2 and Z _ from ImJ_ .
2 2" T2 16 39

THEOREM 6.3.1 nig = ZZUA[32,1] ® Zan[38] ® ZZA[BS,l] @ZZA[SQ,Z} ® ZzA[39,3]

® 2,67,

and n°oA[30] = 0.
PROOF. Let A[39,1] = d®(vA[311M)), A[39,2] = d°(A[14]C[20]M ) and
A[39,3] = dS(B[34]M?) = de(B[Bélﬁz)‘ The only possibility for a nontrivial
extension is that 2A[39,k] could equal 1B[38] instead of O for some 1 = k = 3.
By Theorem 2.4.2,
Al39,1] e <m,v,vA[31]>. [6.8]

Thus, 2A[39,1]1 € 2<q,»,vAl31]> = <2,7,v>vA[31] = 0. By Theorem 2.4.4(c),

A[39,2] e <n,v,A[14]C[20]>. {6.9]

Thus 2A[39,2] € 2<m,v,Al141C[20]>= <2,7m,v>A[14]C[20] = 0. By Theorem 2.4.4(c)
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Al39,3] € <n,v,B(34]>. [6.10]
Thus, 2A[39,3] € 2<7m,v,B[34]> = <2,7,v>B[34] = 0. Therefore, CokJ39 is an

elementary abelain group. |}

The computations of Section 4 show that we have the following leaders.

Row Degree Leader Row Degree Leader
11 43 2B MM 38 42 2B[34IM M

112 12
15 41 4'{1Mig 35 43 . 14}(:[20]»41&2
18 48 4CI181 (MM +M' M +M*™M M) 3 42 A[3BIM

13 1 e 123 1

31 45 nA[so}M'f 37 41 A(37}Mf
*32 50 Af32,1 ]Mfﬁa 37 48 oA[30] M‘l1
32 42 Al32, 3]M'15 *38 B2 noAl30] Mi’ﬁz
33 45 vA[3O]M;3 *38 50 13[38]1«1‘13
33 41 nA{az,zmlﬁz 39 45 oAl32, 1]M::
34 46 13[34]M‘15 38 41 nBI381M , A[39, 11M,,

A[39,2]M1,A[39,3]M1

FIGURE 6.3.1: Leaders from Rows 1 to 39 of Degree at Least 41

LEMMA 6.3.2 (a) muBI[38] = vA[36].
(b) wvA[37] = A[8IA[32,1] = nA[39,3] + noAl32,1].
PROOF. (a) 'JIM;OEZ hits 2B[34]M_ and if it had survived to E** it would have

hit BI38IM. Now ;31M‘;’§z hits B[34]M. Therefore, if 2;31Mf§§ had survived to

E*® it would have hit B[38}M1. However, dza(ZBleEZ) = A[BB]M?. Let € denote

the mapping cone of A[36]. Let 'E’ denote the Atiyah-Hirzebruch spectral

sequence with g2 L " HBP @ ntﬁ = €<n8P‘ Then the canonical map ¢:S — €
n n

n,
induces a map of Atiyah-Hirzebruch spectral sequences ¢F:Er — "E". Clearly

S
39

MM

6 . , 128 28
¢2(231Mlﬁz) survives to 'E” and d ¢2(2[31 M

) o= ¢58(B[38}M1). Thus, in =
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"B[38] ¢ A[SB]‘ni, i.e. mBI[38] = kvA[36]. Since 1B[38] # 0 and 2vA[36] = 0,
k must equal 1.
(b} 1If A[37]Mf is not a boundary then vA[37] # O and is not divisible by 7.
The vA[37]-leader will be vA[B?]Mf. As we shall see, there is no leader of
degree 47 below the 40 row. Therefore, £ = d?(vA[E?]M?) is a nonzero element

of ns . EM1 is not a ds—boundary and as we shall see the one leader of

45
degree 48 below the 40 row bounds a different element. Therefore, n§ # 0. By
Theorem 2.4.2, £ € <n,A[37],uz>. Thus, 7€ € n<n,A[371,v2> < <n2,A[37],v2>
= <<2,m,2>,A[371,0% = <2,<,2,A[37]>,0%> + <2,7,<2,A[37),0%>>. Under our
present assumptions (A[37}Mf does not bound and ¢A[32,1]M, = dS(A[32,1}Mf§2)).
nf4 = ZBC[44] ® ZZA[44] where A[44] = dS(GA(BZ,l]M?) and 1nC[44] # 0. Then
n€ € <2,<Al371,2,m>,v>> + <2,7,hA[44]+2kC[44]>
= <2,<A[371,2,7>,v%> + he<2,m, Al44]> + kC[441<2,7,2>.
By Theorem 2.4.2, Al44] € <v,A[32,1],m6>. Thus, nf e
<<2,A[371,2>,m,0%> + <2,A[37],<2,m,0°>> + h<2,m,<w,Al32,1],70>> + 2kn°Cl44]
> <nA{37],n,v2> + <2,A[371,0> + h<2,7m,v,A[32,11>n0 by Theorem 2.3.7(b}). (Note
that multiplication by n is a monomorphism on ng and n<2,n,v2> = <n,2,n>v2
= 2v° = 0.) The four-fold Toda bracket above is defined by Theorem 2.2.7(a)
because <2,m,v> = 0 and <n,v,A[32,1]> contains dB(A[32,1]§2) = 0. Then
nE € <0,7m,v>> + (2,m0,7°) = (b%,2,70,7°). Thus, either 2 divides ng,
v divides 5§ or o divides €. We will see that Z-HES = v'nfs = 0 and thus
neither 2 nor v can divide n€. Therefore, € = oB[38]. Hence €M1
= dB(B[BB]Mfﬁz). However, B[38]Mfﬁ2 bounds from the 15 row, a contradiction.
Therefore, A[37]Mf must be a boundary. It can only bound from the 32 row or
below. The only such leader is A[32,3]Mf which maps to zero under Top and

1

therefore does not hit AI37]M?. Thus, A[3?]MT must bound by a hidden

differential. That is, there is a differential which we thought originated on

the 32 row or below and landed in the 39 or 41 row which really hits A[37]Mf.
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There is only one possibility: ds(A{32,1]Mf§2) = A{37]Mf. Now ¢A[32,11M,
becomes a nonbounding leader defining the nonzero element 7oA[32,1] in HEO
By Theorem 2.4.4(c),

A[37] € <n,v,Al32,1]>. [6.10]
Thus, vA[37] € v<n,v,A[32,1]1> = <p,n,v>Al32,1] = A[8]A[32,1] € <7m,v,20>A(32,1]

n<w, 20, Al32,11> = n<w>,2,A032,1]1>= n<<n, v, 7>, 2, Al32,1]>

<N, <v,w, 2>, A[32,11> + n<n,v,<n,2,A[32,1]>>

n<n,0,Al32,1]1> + n<n,v,<n,2,A[32,11>> = 5<n,v,BI34]> + knoAl32,1] since
2<n,2,A[32,11> = <2,7,2>A[32,1] = 7°A[32,1] = 2B[34]. (B[34] = d24(81Mfﬁ§) is
only defined modulo szA[31] ® ZZA[14]C[20] ® 22(28[34]), so we can define
B[34] modulo 22(28[34]) by insisting that B[34] € <n,2,A[32,11>.) By

Theorem 2.4.4(c), A[39,3] = d°(BI341M)) € <n,v,BI34]>. Thus, vAI37] =
nA[39,3] + knoA[32,1]. We shall see that d'°(B[34]<M>) = 2D[45] and
ds(nA[39,3]Mf) = 4D[45]. Then 4D[45] e <2B[34],0,v> = <n°A[32,1],0,v>

= <n,moAl32,1],0> = ds(nA[SS,SlM?) in E°. Thus, wA[39,3]M = n0A[32, 1M

in E°. This can only occur if d4(A[37]Mfﬁz) = mA[38,31M] + naA[32,1]Mf.

Therefore, k = 1.]]

In addition to the hidden differential d°(A[32,11MM ) = A[371M which we

uncovered in the proof of Lemma 6.3.2(b), there are eight leaders of degree 41
. 24 73 v

and three leaders of degree 42. Since d (31M1M2) = B[B4}M1M2,

d24(231M:§Z) = 2B{34}M1ﬁ2. By Lemma 6.3.2(a), d*(A[ssxmi) = WBI38IM . Since

2-11?1 = 0, nzA[39,1] = 0 by Lemma 3.3.14 . If nAl[39,1] # O then nA[39,1]M1

must bound and the only possibility is d26(2y1(Mfig+10M14)) = MAL39, 11M,.

However, this can not occur because 271(M11§2+10M14)) € Image r, and
1

nA[39,1}M1 ¢ Image r It follows that 9nA[38,1] = 0. Thus A[39,1]M1 must

A
1

bound. The only possibility is dg(A(32,3}Mf) = A[39,11M from which it

follows that
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cA[32,3] = A[39,1]. [6.12]

Thus, nS has a composition series of 32, 2, 2, 2 and a Z2_ from ImJ .
2" T2 2" T2 2 40

THECREM 6.3.3 Hfo = 248[40} ® ZznA[39,3} ® ZznaAIQZ,ll ® ZzA[40,1}

® ZZA[4O,2] ® 22n14.

where B[40] = C[201°%, 2B[40] = nA[39,2] and 3A[39,1] = °B[38] = O.

PROOF. Let B[40] = da(nA[32,2]Miﬁé). In the following argument which
identifies B[40] as C[20]2 and 2B[40] as nA[39,2] we compute modulo ImJ.
By Theorem 2.4.5(a), B[40] e <n,nAl32,2]1,n,v>. Thus,

2B[40) € 2<n,mA[32,2],0,v> ¢ <<2,7m,mA[32,2]>,,v>. Since
d°(A[BICI201M M) = nA[32,2]M,, mA[32,2] € <v,n,A[8]CI20]> and
<2,7m,mAl32,21> < <2,79,<v,n,Al8]1C[20]>>

= <2,<n, v, >, A[8]CI[20]> + <<2,7,v>,n, Al8IC[20]>

H

<2,v2,A[8]C[20]> + <0, 7, A[8IC[20]> = <2,v2,A[8]>C[20] since ocAl8] = 0 and

2CokJ35 = 0. Now <2,v2,A{8]> = <2,Vz,<n,2,v2>>

<2,<w? q,2>,v°

]

> + <<2,02, >, 2,05 = <2,0,v5 + <Al8],2,0> = <Al8],2,v>

I

<a[81,2,<n,v, > = <Al8]1,2,n,v>n. This four-fold Toda bracket is defined
by Theorem 2.2.7(b) since 0 € <A[8],2,%> and 0 = <2,n,v>. Note that

Al8]1% € Al8l<w,n,v> = <Al8],v,mv = 0. Now A[81<A[8],2,1,v>

"

<<Al81,Al8],2>,n,v>. However, <A[81,Al81,2> = <<w,n,v>,Al8],2>

]

v<n, v, Al8],2> = vA[14]}. This four-fold Toda bracket is defined by

Theorem 2.2.7(a) since <m,v,A[8]> = 0 and <v,A[8],2> = 0. Thus,
A[81<Al8],2,n,v> = <wA[14],9,v> > Al14]l<v,n,v> = A[14]A[8]. Therefore,

Al14] + ko® € <A[8],2,n,0> and 7A[14] e <2,v° A[8]>. Thus,

2Bl40] € <qnAl14]Cl[20],n,v> > Cl201<nAl141,n,v>= 2c[201? by 5.6. We shall see
that n28[401 is nonzero and not divisible by two. By Lemma 3.3.14,

2C[20]2 = 2B[40] # 0. We showed above that 2B[40] e <<2,7,73A[32,2]1>,7n,v>

= <<pAl32,21,m,2>,m,v> < <<, mAl32,2],2>,n,v>
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= 7<nAl32,2]1,2,1,v> modulo Zz(vA[37])
c <nAl32,21,2,<m,v,7>> = <Al32,2],2,0%> = n<Al32,2],2,v5>.  Now
V<A[32,2],2,0% ¢ wA[32,2],2,0% = <nAl14]C[20],2,v%> = A[14]C[20]<n,2,v%>
= Al14]Cl[20]Al8] = n2C{2012 which as we remarked above must be nonzero. Note
that the four-fold Toda bracket above is defined by Theorem 2.2.7(b) because
0 € <pAl32,21,2, %> and 0 = <2,7,v>. Since A[39,2] = dS(A[14]C{ZO}ﬁ2),
A[38,2] e <7,v,A[14]C[20]> and vA[39,2] € v<y,v,Al14]C[20]>
= <v,7m,v>A[14]C[20] = A[8]A[14]1C[20] = °C[20]. Thus,

vA[39,2] = n°cl20]° [6.13]
S

Now 0<mA[32,2]1,2,7m,v> ¢ <qAl32,2],2,<nm,v,0>> = <nAl32,21,2,0> € nA[32,2]-n13

= 0. As we shall see, the only element £ € "39 such that n€ # 0, v€ = n°Cl201

and o€ = 0 is A[39,2]. Thus 2C[20]12 = nA[39,2] modulo 2,(vAl37]).  Since

vA[37]

nA[39,3] + moAl32,1], 4C[20]° = 0. Write

2C[20]2 = MA[39,2] + hnAl39,3] + knoAl32,1]. Redefine A[39,2] as

A[39,2] + hA[39,3] + koA[32,1] so that n times the new A[39,2] equals 2C[20]?
Note that vA[39,2] and oAl39,2] remain unchanged. Let A[40,1] = da(nA[SO]Mf).
By Theorem 2.4.2,

A[40,11 € <7, (nA[30],vA[32,31), (o,1) ">, (6.14]

Then 2A[40,1] € 2<n,(nA[3O],vA[32,3}),(o;u)T> = <2,n,{nA{BO],vA[32,3})>(0,U)T

<2,1,7A[301>0 + <2,%,vA[32,31>v = <2,7m,7A[301>0 + <2,7n,v>vA[32,3]

. S
since 2v-m =0
37

<2,m1,nAl301>0 € a*nig = na~n§2. Since 7<2,n,nA[301> = <9,2,»nAl30]

2vmAl30]1 = 0, 2A[40,1] e {0,ncA[32,2]} = {0}. Let A[40,2] = d26(431M13L
Since d24(271M:2) = 2B[38], it follows from Theorem 2.4.2 that
Al40,2] € <7,2,2B(38]>. [6.15]

Thus, 2A[40,2] e 2<n,2,2B[38]> = <2,7,2>2B[38] = 21°B[38] = O.

The computations of Section 5 show that we have the following leaders.
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Row Degree Leader Row Degree Leader
11 43 2B M\ 37 43 AL371M
112 2
11 14 4
15 43 Z (2y (MM +10M'%)) 37 45 cA[301M
8 1 1 2 1 1
18 46 AC[18]1 (MM +M''M +M*M M ) *39 53 oAl32, 1IM'M
13 1 2 12 3 1 2
31 45 nAlaomlmz *33 51 nB[38]Mff4'2
*32 50 A[32,1]Mfﬁ3 *39 49 A[39,1]MfM2,A[39,1]Mf,
33 45 vA[:;O]M‘l3 A[39,3]Mf§2
38 48 B[34]M‘: 33 45 ;\[39,2]§2
34 42 28[34]M1§2 0 42 nA[39,31M , A[40, 11M ,
35 43 nA[14]C[20]Ml§2 AL40,2]M
36 44 AL3BIM M, 40 42 C[20]2M1,2C[20]2M1,
noA[32, 11M,

FIGURE 6.3.2: Leaders from Rows 1 to 40 of Degree at Least 42

Observe that there are seven leaders of degree 42 and four leaders

of degree 43. In the derivation of Theorem 6.3.3, we showed that d24(231MZ§;)
= 2B[34]M1§2. By Lemma 6.3.2(b), d“(A[:a?]Ez) = MA[39,31M + noA[32,11M .

In addition, d°(mA[141C[20IM M ) = 2C[201°M because d°(nA[141M)) = 2C[20].
Since 21[?1 = 0, nzoA[BZ,ll = 0 by Lemma 3.3.14. Thus, naA[32,1]M1 must bound.
There is only one possibility: d28(271(M11§2+10M14)) = noAl32,1]M . Now the
remaining three leaders of degree 42 must transgress to define nonzero
elements of nfl. All of these elements have order two because they are
divisible by n. Note that vB[38] = 0O because B[38]f'1-2 is a d24—boundary. We

have thus proved the following theorem.

S _ 2 2
THEOREM 6.3.4 LI Zan[ZOJ ® ZznA[40,1] ® ZznA[40,2] ® 22“5 ® 22n 7,

and n°0A[32,1] = n°A[39,2] = 1°A[39,3] = vB[38] = O.

The computations of Section 4 show that we have the following leaders.
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Row Degree Leader Row  Degree Leader
*11 57 4B (MMM +M MM +M'* M) 37 45 oA[30]1M*
1 123 1 23 1 2 1
15 43 Z (4y ) (MM +2M'%) 39 45 A[39,21M
4 1 1 2 1 2
18 46 4CT1181 (MM +M M +M*M M) *40 52 nA[39,31MM_, Al40, 11M°
13 1 2 123 12 1
31 45 nA[solnlmz *40 66 A{40,2]Mfﬁ3
8 25, M3
33 45 vAL30 1M 40 46 Cl201°M,, noAl32, 11M]
34 46 B£34]Mf, 2B{34]Mfﬁ2 *40 48 zcizolngiz
36 44 AL3BIM M a1 43 nCIZO]le,nA[40,1]Mf
*37 51 (A[37]+¢A{301)M:M2 nAL40,2]M,

FIGURE 6.3.3: Leaders from Rows 1 to 41 of Degree at Least 43

There are four leaders of degree 43 and one leader of degree 44. Since
Al40,1] e <m, (nA[301,vA[32,31), (o, 0)™>,
n°A[40,1] € n°<, (nAl301,vA[32,31), (o, 1)™> ¢ <n°, (nA[30),vAl32,3]), (o, 0) 7>
<4v, (nA[30],vA[32,31), (o, )™> < <v, (4nA[30],4vA[32,3]), (o, 0) >

s s

<U,0,(U,D)T> = a-ns +ven_ =v-n__. Thus, if nzA[40,1] # O then there is
3s 39 39

£ € nig such that either EM? or gﬁz is a leader and vE = nzA[40,1]. There is
only one possibility: € = A[39,2]. In the proof of Theorem 6.3.3
we showed that vA[39,2] = nZC[ZO]. Thus nzA[40,1] = 0 and nA[40,1]M1 must
bound. There is only one possibility: dG(A[BSIMIMZ) = nA[40,1]M1. By
Theorem 2.4.4(b),

nAl40,1] € <v,n,A[36]> [6.16]

In addition, we have shown that

vA[39,1] = vA[38,3] = O [6.17]
Now the other three leaders of degree 43 must transgress to nonzero elements

of ns . Thus, ns has a composition series of 22, 2 and a 2 from ImJ .
42 42 2 4 2 a2

THEOREM 6.3.5 n°>_ = ZCl42] o Z1°C[20]% © Z na,
42 8 2 2 5

4C1421 = n°A[40,2] and n°A[40,1] = O.
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PROOF. By Lemma 3.3. 14, nZA[4O,2] must be divisible by two. There is only
cvsas 28 11 2
one possibility: 4d (4y1M1 Mz) = 7 A{40,2]. Thus,

ct42] = a®(4y (4 'M+2M*)) has order eight and 4C(42] = u°A[40,2].]

The computations of Section 4 show that we have the following leaders.

Row Degree Leader Row Degree Leader
, _
15 45 1871M’:<M3 39 45 AL39,2]M,
18 46 acr18l (MM +M''M +M™M M) 40 46 oAl32, 11M°,C[201%M
13 1 2 123 n ’ 1’ 2
31 45 nA[30]MxMz 41 47 nAl40, 1 ]M?
33 45 uA[SO]M‘f 42 48 c[42]Mf
34 46 B[34]M‘f, 28[34]Mfﬁ2 *12 48 2c[42]Mf
*36 54 A[36]Mf<M3> 42 a4 acra21m,, nzctzolzm1
37 45 orA(BO]M:‘

FIGURE 6.3.4: Leaders from Rows 1 to 42 of Degree at Least 44

There are two leaders of degree 44 and five leaders of degree 45. 1In the

proof of Theorem 6.3.3 we showed that vA[39,2] = n°C[20]. Thus,

d*(A[39,21M ) = n°CI201°M.. Since r, (16y M°<M.>) is homologous to 16y M 'M
2 1 A 11 3 11 2

1

in E'®, it follows that d28(163*1Mf§3) = 4C[42]M. Thus all the leaders of

degree 44 bound and we have proved the following theorem.

THEOREM 6.3.6 KS =28
43 85

The computations of Section 4 show that we have the following leaders.

Row Degree Leader Row Degree Leader

*5 67 77, (M’f"+2e) 37 45 oA[30 ]M‘:

18 46 acris] (MM +M''M +M*M M) 40 46 neAl32, 11M°,C[201°M
13 1 2 123 1 2
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31 45 nA{3O]M1M2 a1 a7 nA40, 1}M::
33 45 vA[BO]M? 42 48 claziM
34 48 B[34]M‘:, 28[34]Mf§2 *42 50 nZC[zolzmlﬁz

FIGURE 6.3.5: Leaders from Rows 1 to 43 of Degree at Least 45

There are three leaders of degree 45 and six leaders of degree 46. If
nA[BO]MlMi, vAISO]M? or UA[SO]M: were to bound it would have to be hit by a
leader of degree 46 which is below the 30 row. The only such leader is
aci181 (MM +M "M +M'M M ). However, d°°(2C[181(M'M +M''M +M'™M M ))
13 1 2 123 13 1 2 123
= (oA[301+A[37]1)M M. Therefore, 4C[181(M'M +M''M +M'M M) survives to E°°
12 13 1 2 123
and can not hit nA[SO]Mle, vA[SO]Mf or aA[GO]Mj. Thus, we have shown that

S i s R
LI has a composition series of 22, 22, z

o
THEOREM 6.3.7 ﬁ§4 = ZSC[44] where 4C[44] = O?A{QO]‘
PROOF. Let C[44] = d14(nA[30]M1Mz). Note that u A u has boundary
(n A ul) V] (u1 A7), and d4(Mf) = v. Therefore,
ZdM(nA[BO]MiMz) is represented by d’z(uAmole). Since uA[BO}Mz is
homologous in E' to vA[BO]M?, 2cl44] = dlz(vA[BOIMzJ. By Theorem 2.4.2,

2C[44]1 € <v,vA[30],0> = <pAl[301,v,0>. (6.181]
Note that A p, has boundary (v A uz) V] (u2 A v), and d8<M:> = 0.
Therefore, 2d’2(vA[30]Mf) is represented by de(gA[:zo]M‘:) = 0°A[30]. Thus,

4C[44] = G?A[30], and C{44] has order eight.|]

The computations of Section 4 show that we have the following leaders.

Row Degree Leader Row Degree Leader
7 A1T AT T 2
18 45 4CT181 (MM +M M +M M M) 42 46 Claz2IM
13 1 2 123 1

34 46 B[34]MT, 2B[34]MT§2 44 46 C[44]M1
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40 46 naA[32,1}Mf, C{2012§é *44 56 2c[44}Mf
a1 a7 nA{40,1}Mf *34 58 4C{44]MZ

FIGURE 6.3.8: Leaders from Rows 1 to 44 of Degree at Least 46

There are seven leaders of degree 46 and one leader of degree 47. C(learly
nA[QO,l]MT transgresses. Thus nfs has a composition series of

Z, 2, 22, 2Z2_,2
2’ T2 2 2’2

S _
THEOREM 6.3.8 L 216D[45] @ ZzA[45’1] ® ZZA[45’2] ® Zan[44]

where 8D[45] = vC[42].
PROOF. Note that 271M11M2 hits noA[32,11M and 471M11M2 hits Cl42]. It
follows that
Cl4a2] € <2,n,noAl32,11>. [6.19]
Thus, vC[42] € v<2,7,n0Al[32,1]> = 2<m,n0Al32,1],v>. By Theorem 2.4.4(a),
<n,moAl32,1],»> contains dB(nvA[32,1]Mf). Therefore, vC[42] = d‘(c[42]Mf) is
twice ds(nvA[Sz,lle). Since nzA[40,2] = 4C[42], 4Cl[42] e 2<m,2,Al40,2]> and
2C[42] e <n,2,Al40,2]1>. [6.20]
Thus, 2vCl42] € v<n,2,A[40,2]> = <»,7,2>A[40,2] = 0. Let £ = d'*(B[34IM).
We shall see in Chapter 7 that o¢B[34] = nA[40,1]. Therefore by Theorem 2.4.2,
€ € <v, (B[34]1,A[40,11), (¢,m)™>. Thus, 2€ € 2<w, (B[34],A[40,1]), (o, m)™>
c <v, (2B[34],2A040,11), (o, m)™> = <, (#°Al32,11,0), (e, m) ">
= <v,ngA{32,1],c> modulo n-niq
> <v,n,moAl32, 11> modulo n-nf4 and <v,n, noAl32, 1}>contains ds(noA[32,1]M2L
Thus, 2£ projects in E° to ds(noAtsz,ilmf). Let Al45,1] = d'*(2BI31MM )
Since A[45,1]M1 can not bound, mA[45,1] # 0 and A[45,1] is not divisible by
two. Let Al45,2] = ds(ctzolzﬁé). By Theorem 2.4.4(c),
AL45,2] € <n,v,C[201%. [6.21]

Thus, 2A[45,2] € 2<q,v,Cl201%> = <2,7,v>C[20]% = 0, and 2A[45,2] = 0. Since
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A[45,2]M1 can not bound, 7MA[45,2] # 0 and A[45,2] can not be divisible by two.
Now there is no possibility for 2A[45,1] to be nonzero. Let
Dl45] = d28(4C[18](MZ§3+M11E2+M:ﬁ2§3)). We shall see in Chapter 7 that
nZD[45] is nonzero and not divisible by two. By Lemma 3.3.14, 2D[45] = O.
The only possibility is that 2D[45] = € which we already know has order
eight. 1In addition, we showed above that

2D[45] € <v, (B[341,A[40,1]), (e, m)™> (6.22]
Since 4D[45] = d°(n0A[32,1]M), it follows from that Theorem 2.4.2 that

4D[45] € <n,noAl32,1]1,0> [8.23].

The computations of Section 4 show that we have the following table of

leaders. This table contains the leaders of all degrees.

Row  Degree Leader Row  Degree Leader
g 63 oMM 38 51 nBI38IMM
1 2 1 2
11 57 48 (MMM +M'OM°M +MM M) 39 49 A[39,11M°M, A[39, 114,
1 12 3 1 2 3 1 2 1 2 1
26 2=
15 67 7, (%42e) AL39,31MM,
14 B
17 51 o MMM 40 52 Al40, 1M,
2 1 2 1
18 64 4c[18]M'M M°M (nA[39,31+n0Al32, 11 MM
122 3 12
19 55 g M 40 66 Al40,21MM
21 1 3
21 53 »Cl181MM M a0 48 2C[201°M M
123 1 2
22 62 vA[ 19]M:M2<M3> 41 47 nAl40, 1 ]M::
63 =
23 67 oAl 16 IMMM a2 48 2C[421M
1 2 3 2
23 63 y M° 42 50 71°C[201°M M
21 1 2
24 B0 nA[23]M15ﬁ2 44 48 c[44]Mf
30 60 A[30]<M,> 44 5B 2c[44]M‘13
32 50 Al32,1 ]Mfﬁs 44 58 4C[44] M;’
32 48 B[34]M‘:M2 45 47 DI451M,

38 64 2B[34]Mf§2§3 45 51 2D[45}Mf, 8D{45]M;3
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36 54 A[36] Mf<M3> 45 49 4D[45] Mf
38 50 naA[ao]Mfﬁz, Blssmf 45 47 nCl441M , A[45,11M,
39 53 oA[32,11M‘:§2 A[45,2]M , DI451M,

FIGURE 6.3.7: Leaders from Rows 1 to 45 of Degree at Least 47

4. Tentative Differentials

In this section we give the computer calculations of the tenative
differentials which are determined by the leading differentials on leaders of
degrees 33 through 46 which we established in Sections 2 and 3. We use the
same notation and conventions as in Sections 4.4 and 5.4. These tables are

ordered by the row numbers of the leaders.

DEGREE 9: n°¢ and o

The leading differential d24(n20Mfg3) = A[{32,1] determines tentative
differentials by making the following assignments to monomials of

[Zz'natrM1 ® B<2>] o [22a1 ® B<2>] of degree 33: nzoMfﬁz and nzoMfﬁs are
assigned 1 and all other monomials are assigned 0. The kernel of these
tentaive differentials in degrees less than 70 is given by the table below,

and the new nzc—leader is naoMZHz.

DEGREE BASIS DEGREE BASIS DEGREE BASIS
(26,9) 7 2 0 O (42,9) 7 0 2 0 (50,9) 5 2 2 0
7 6 0 O

11 0 2 0

(54,9) 7 2 2 0 21 2 0 O (56,9) 3 1 1 1
21 2 0 o0 27 0 0 O 13 5 0 0

21 0 1 0

6 o 1 1

(58,8) 23 2 0 O



163

The leading differential d24(n26Mi3) = A[32,31¥, determines tentative
differentials by making the following assignments to monomials of
2 2 .37 = 2 772
< < :
[Zzn c—M1 ® B«2>] @ [Zzoc1 ® B<2>] of degree 35 n O'M::MzMa, n chle are
assigned 1 and all other monomials are assigned 0. The only remaining element
2172

in degrees less than 70 is 7)2<:r(M1 M

+M77y.
2 1

DEGREE 11: B,

The leading differential d (28 M.') = A[8ICI20]M M, determines tentative
differentials by making the following assignments to monomials of ZQB1 ® H_RP
11 . . 5.3 8, 2 . . 12
of degree 39: BlM1 M2 is assigned 1; B1M1M2’ BlMle are assigned 2; 81M1 is
assigned 6; BlMZMa’ ﬁ‘s’lr‘iil‘llgM3 are assigned 4 and all the other monomials are

assigned 0. The kernel of these tentative differentials in degrees less than

70 is given by the table below, and the @ -leader remains zaln?ﬁz.

DEGREE GROUP  BASIS DEGREE GROUP  BASIS DEGREE GROUP  BASIS
(22,11) 2,2/ 8 100 (24,11) 2 6 200 (26,11)2, 1/ 6 010
2 2/ 10 100
z,2/10 100 (2811)2,2/11 100 z,4/11 100
1/ 4 110
3/ 14 000
(30,11) 2, 2/ 12 100 (32,11) 2,3/ 7 300 2,1/ 7 300
24/13 100 7/ 10 200
z, 6§ 300 1/ 6 110
7/ 10 200
(34,11) 2, 1/ 7 110 z, 2/ 8 300 (3611)2,2/ 9 300
7/ 10 010 z 6/ 15 100
3/ 14 100 Z 2/14 100 1/ 2 310
2 3/ 8 110
7/ 12 200
z,2/ 9 300 z,4/15 100 (38,11) 2,2/ 6 210
2/ 8 110 2/10 300
Z,2/10 300 (40,11)2,3/ 7 210 2,6/ 7 210
6/12 010 6/ 11 300 4/ 13 010
6/ 13 010 1/ 8 020
z 6 210 1/ 4 310 6/ 10 110
: 3/10 110 6/ 14 200
6/ 14 200
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Z 6/ 5 7060
500

%6/ 11

Z2 2/ 5 700
2/ 7T 410

120

22 7/ 5 700
6/ 8

2713 210

20

1

4/ 9

500

1/ 11

1

0
2/ 14 400

1

2/ 8

500
4/ 13 210

27 11

3713 210

1/ 4 510

1/ 6 220

1726 000

6/ 6 220

2/ 8

oo O
O =N

0~

4/ 9

N
N Q

500

Z 47 11

1

10

2714 400
3/26 000

5060

8/ 11

Z 4/ 13 210 6/ 14 400

Z 2/ 10 3160

2/ 26 000
Z2 2/ 5 510

22/ 9

1

0

1

310

22/ 4 320

Z_ 4/ 11

0

2/ 58 510
g9 1

Y

(54,11) Z

2/ 6 201 6714 210

1/ 2 810

6720 010

2/ B 700

2/ 10

1/ 4 320
2/ 6 030

1/ 6 201

20

1

20

1

Z_ 2/ 10

Z 2/ 6 030 22/12 500

7/ 68 700

7/ 10

3/20 0180
2/ 24

22/ 8 700

20

1

00

1

5/ 12 500

20

1

Z_ 2/ 10

5/14 210

Z2 2714 210
2/ 24
Z 6/ 8
4

22/12 500

1720 010
1/ 24

00
0

1

100
6 030

2/ 24

00

1

1 1
/7 6 201

2/ 6 700

O
SN
M
@ <

~
S

1/ 8 03¢0

2/ 8 201

3/ 8 700
1/ 10
2/ 24

120
1

00

Z2 5/ 656 320
5/ 7 630

Z2 3/ 5 320
6/ 7 030

1/ 5 320

2/ 7 030

(56,11) 2

7/ 7 700

3/ 7 700

7/ 11

6/ 7 700

3/ 11

120
6/ 13 500

7/ 11

120

20

1

2713 500

8/ 13 500

1/ 4 301
7/ 6 011

1/ 10

130

1/ 4
7/ 4 301

1715 210

2/ 25

00

1

101

2/ 6 011

1/ 0 710

2/ 4

6714 020

5/ 8 510

7/ 10

30

1

6/ 22 200

1

¢

1

1/ 4 301

6710 80O

5/ 6 011

5/ 10

2 2713 5080

2712 310

1

10

2/ 14 020 4715 210

7/ 10 B OO

00

1
3722 200

6/ 25

1722 200

6712 310

7/ 14 0 20
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2,5/ 5 320 z,2/ 5 320 Z,2/ 7 030
2/ 7 030 4/ 7 030 4/ 15 210
7/ 7 700 2/ 7 700 4/ 25 100
7/11 120 6/ 11 120 2/14 020
6/ 13 500 4/ 13 500 2/22 200

1/ 6 011 2/12 310
2/ 6 510 6/ 14 020 Z 4/ 7 700
6/ 10 101 22/10 101
5/ 10 600 Z 4 11120 6/ 10 600
5/ 14 020 2 2/12 310
1/ 22 200 6/ 22 200
z,4/15 210 z, 1/ 5 320 z, 1/ 7 030
4/ 25 100 1/ 7 030 2/25 100
2/ 6 510 7/ 7 700 3/14 020
2/10 101 3/11 120 6/ 22 200

2/12 310 6/ 15 210

1/ 22 200 2/ 25 100

7/ 10 60 0

2/12 310

6/ 14 020

5/ 22 200
(68,11) 2, 4/ 7 011 2,2/ 5 301 2,1/ 7 011
2/ 7 510 6/ 11 101 2/ 7 510
4/ 11 101 4/ 13 310 4/ 11 101
2/13 310 2/ 8 700 2/13 310
2/ 4 111 6/ 14 00 1 6/ 4 610
6/ 12 120 2/ 14 500 5/ 10 410
6/ 14 001 7/ 14 001
2/ 20 300 Z 2/ 4 610 7/20 300
3/22 010 22/ 8 320 3/26 100

6/ 26 100 2/14 500
2/26 100 z,2/ 6 320
z,2/ 7 510 z,4/11 101 z,2/14 500
6/ 13 310 3/20 300
6/ 14 500 Z 2/ 8 700 6/22 010
2/ 22 010 2/12 120 5/ 26 100

6/ 26 100

2,2/ 12 120 z,1/ 5 301 2,1/ 5 301
6/ 26 100 1/ 11 101 3/ 11 101
2/13 310 1/ 8 700
z, 6 320 1/ 4 111 7/ 14 00 1
26 100 1/ 6 320 1/14 500
i/ 8 700 7/ 20 300
7/ 10 410 2/ 22 010
4/ 14 00 1 3/26 100

1/ 20 300

6/ 22 010

The leading differential dZZ(ZBleﬁé) = A[32,2] determines tentative differen-

tials by making the following assignments to monomials of 2831 ® H,BP of
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degree 33: BIMsz is assigned 2, BlMil is assigned 1 and all the other mono-

mials are assigned 0. The following table gives the kernel of these tentative

differentials in degrees less than 70, and the new Bl-leader is BlM?ﬁ:.
DEGREE GROUP BASIS DEGREE GROUP BASIS DEGREE GROUP BASIS
(24,11) Z2 6 200 (26,11) 22 17 6 010 (28,11) Z2 4/ 11 100
2/ 10 100
22 2/ 11 100 {30,11) 24 6 300 (32,11} Z2 3 7 300
i/ 4 110 4/ 13 100
3714 000 1/ 6 110
7/ 10 200
24 1/ 7 300 (34,11) Z2 i/ 7 110 (36,11) 22 6715 100
7/ 10 200 7/ 10 010 i/ 2 310
1714 100 1/ 8 110
3712 200
22 4/ 18 100 (38,11) Z4 i/ 68 210 (40,11) Z2 4/ 11 3 00
2/ 10 3 0
22 3/ 7 210 22 4/ 7 210 Z4 i/ 7 210
6/ 11 300 4/ 11 300 2710 110
67/ 13 010 1/ 6 020 1714 200
1/ 4 310 6714 200
3710 110
6714 200
(42,11) Z2 1/ 6 001 22 2/ 58 310 24 i/ 58 310
6714 010 2711 110 311 110
6712 300 7/ 12 3060
6714 010 1714 010
(44,11) 22 6/ 13 300 Z2 4/ 13 300 (46,11) Z4 5] 20
1/ 4 101
4/ 6 310 Z4 i/ 4 600 Z8 1/ 7 310
3710 400 7/ 6 310 4/ 13 110
3/ 10 400 1710 210
1714 300
(48,11) 22 5 7 120 Z2 5 7 120 Z2 2/ 7T 120
6/ 3 500 8/ 8 500 4/ 15 300
2/ 11 210 2711 210 67 10 020
1/ 4 220 1/ 6 101
5/ 6 101 7/ 10 020 Z4 1/ 7 120
5 B 6800 7/ 10 020
2714 110
(50, 11) Z2 3/ 7 101 22 1/ 7 101 22 4/ 18 110
4/ 15 110 2/ 4 700
1/ 4 201 7/ 10 00 1
6/ 4 700 5 10 500
2/ 10 001 6712 210
3710 500
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z,6/ 5 320 z,2/ 7 030 2,1/ 5 320
2/ 7 030 4/ 18 210 7/ 7 030
7/ 7 700 4/ 25 100 7/ 7 700
7/ 11 120 2/14 020 7/11 120
6/ 13 500 2/22 200 6/ 15 210
1/ 8 011 6/25 100
2/ 8 510 Z 2/13 500 2/ 6 510
6/ 10 101 24715 210 7/ 10 600
5/ 10 600 6/ 25 100 6/ 22 200
5/14 020 3/22 200
1/ 22 200 2,1/ 7 030

2/25 100
3/14 020
6/ 22 200

(58,11) 2 4/ 7 01 1 Z 2/ 5 301 Z 1/ 7 011
2/ 7 510 26/11 101 24/11 101
4/ 11 101 4/ 13 310 4/ 13 310
2/ 13 310 2/ 8 700 6/ 4 610
2/ 4 111 6/ 14 00 1 5/ 10 410
2/ 4 610 2/ 14 500 3/14 001
2/ 6 320 6/ 14 500
6/ 14 00 1 Z 2/ 7 510 7/ 20 300
2/ 14 500 26/13 310 6/ 22 010
2/ 20 300 2/ 6 320 5/ 26 100
7/ 22 010 1/20 300
2/ 26 100 5/26 100 z, § 320

26 100

2,4/ 11 101

2,1/ 5 301 z,1/ 5 301

1/ 11 101 3/ 11 101

2/13 310 7/ 8 700

1/ 4 111 7/ 14 00 1

1/ 6 320 1/ 14 500

7/ 8 700 7/ 20 300

7/ 10 410 2/22 010

1/ 20 300 5/ 26 100
6/ 22 010
2/ 26 100

The leading differential d24(BlM12) = B[34] determines tentative differntials
by making the following assignments to monomials of 28{31 ® H,BP of degree 35:
BleMi is assigned 1 and all other monomials are assigned 0. The kernel of
these tentative differentials is given by the table below, and the new

R 117
81 leader is 4}31}41 Mz.

DEGREE GROQUP  BASIS DEGREE GROUP  BASIS DEGREE GROUP  BASIS

(28,11) Z2 4/ 11 100 (30,11) Z2 2/ 6 300 (32,11) 22 27 7

300
6710 200
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Z2 2/ 68 3260 Z2 4711 101 Z2 4/ 13 310
2/ 26 100 2720 3080
6726 100

The leading differential d24(231MZﬁz) = 2B[34]M1ﬁ2 determines tentative
differentials by making the following assignments to monomials of 2831 ® H,BP
7.3 . 13 & 10,,2

of degree 43: 61M1M2 is assigned 1; 81M1 Mz’ BlMleMs' B1M1 M2 are

. 2 4. 4 . .
assigned 2; 81M1M4, BIM3M2M3, 81M1M2 are assigned 4 and all other monomials
are assigned 0. The kernel of these tentative differntials is given by the

table below, and the Bl—leader remains 4BIM11§2.

DEGREE GROUP BASIS DEGREE GROUP  BASIS DEGREE GROUP BASIS

(28,11) Z2 4/ 11 100 (30,11) 22 2/ 8 300 (36, 11) Z2 4/ 15 100

(38,11) Z2 2/ 8 2160 (40,11) Z2 4/ 11 300 (42,11) Z2 4/ 11 110

2,2/ 5 310 (44,11)2,4/13 300 (46,11) 2,2/ 6 120
6/11 110
6/ 12 300 2,4/ 7 310
2/14 010
(48,11) 2,4/ 15 300 (50,11) 2,4/ 15 110 (52,11) 2,4/ 11 500
Z,4/13 210
(54,11) 2, 4/ 5 510 z,4/ 5 510 z,4/ 5 510
4/ 9 101 2/ 4 320 4/ 11 310
2/ 2 610 6/ 6 030 2/ 6 030
2/ 4 320 2/ 6 700 6/ 6 201
6/ 6 030 6/ 10 120 2/20 010
2/ 6 201 6/20 010
6/ 6 700 2,4/ 9 101
6/ 10 120 Z 5/20 010 2/ 6 201
2/ 12 500 2 6/ 20 010
2/14 210
2/24 100
(56,11) 2, 4/ 15 210 2,4/ 11 120
6/ 22 200
(58,11) 2,2/ § 301 2,2/ 5 301 z, 4/ 7 011
2/11 101 6/ 11 101 6/ 4 610
4/13 310 6/ 8 700 2/ 6 320
2/ 4 111 6/14 00 1 6/ 10 410
2/ 6 320 2/ 14 500 3/20 300
6/ 8 700 6/20 300 5/ 22 010
6/ 10 410 2/26 100 5/ 26 100
2/20 300
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2,2/ 6 320 Z 4/11 101 z,4/13 310
2/ 26 100 2 2/ 20 300
6/ 26 100

The tentative differential d24(4{31M11§2) = A[14]C[20]Mf determines tentative
differentials by making the following assignments to monomials of 28(31 ® H,BP
11 . X 3 8 . . 14
of degree 39: BlM1 M2 is assigned 1; BIM‘?MZ, BlMlMi are assigned 2; [31M1 is
assigned 6; BlMZMs' BiMszMs are assigned 4 and all other monomials are

assigned 0. The kernel of these tentative differentials is given by the table

below, and the new Bi-leader‘ is ZBIMTE‘;

DEGREE GROUP  BASIS DEGREE GROUP  BASIS DEGREE GROUP  BASIS
(30,11) 2,2/ 6 300 (3811) 2,2/ 6 210 (42,11)2,2/ 5 310
6/ 11 110
6/ 12 300
2/ 14 010
(46,11) 2,2/ 6 120 2,4/ 7 310
(54,11) Z, 4/ § 510 z, 4/ 5 510 Z,5/20 010
4/ 9 101 2/ 4 320
2/ 2 610 6/ 6 030
2/ 4 320 2/ 6 700
6/ 6 030 6/ 10 120
2/ 6 201 6/ 20 010
6/ 6 700
6/ 10 120 Z 4/ 9 10
2/ 12 500 22/ 6 201
2/14 210 6/ 20 10
2/24 100
(58,11) 2,2/ 5 301 2,2/ 5 301 z,4/ 7 011
2/ 11 101 6/ 11 101 4/ 13 310
4/ 13 310 6/ 8 700 2/ 4 610
2/ 4 111 6/ 14 00 1 6/ 6 320
2/ 6 320 2/ 14 500 2/ 10 410
6/ 8 700 6/ 20 300 7/ 20 300
6/ 10 410 2/ 26 100 3/22 010
2/ 20 300 1/26 100
z,2/ 6 320
2/26 100

The leading differential dZB(ZBlM?Mz ) = A[36]Mf determines tentative

differentials by making the following assignments to monomials of 28[31 ® H,BP

6.3 . . . 8 . . . 5 9 2
of degree 41: 31M1M2 is assigned 1; [31MlM3 is assigned 2; BlMiMzMa BlMle'
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12 . 2 3,4 .
BlMlbgare assigned 6; BiMiMs’ BlMxMz’ B1M4 are assigned 4 and all other
monomials are assigned 0. The kernel of these tentative differentials is

given by the table below, and the new B -leader is 431M:§2§3.

DEGREE GROUP  BASIS DECREE GROUP  BASIS DEGREE GROUP  BASIS
(46,11) 22 4 7 310 (54,11) 2 24/ 5 5160 Z2 5/20 010
4/ 8 101
2/ 4 320
6/ 6 030
2/ 6 201
2/ 6 700
6710 120
(58,11) 22 4/ 5 301 22 4/ 7 011
4/ 7 011 4/ 13 310
2/ 4 111 6/ 4 610
6/ 4 610 6710 410
6714 001 1720 300
2/ 14 500 5/ 22 010
5/20 300 1726 100
1722 010
1726 100

DEGREE 14: o°

The leading differential dlg(on:Mz) = mA[30]M, + A[31]M, deternmines tentative
differentials which are a monomorphism on E1814 in degrees less than 68.

There are no remaining elements.

DEGREE 15: 7,

The leading differential dzo(qIMfﬁz) = nZA[BZ,IIMI determines tentative
differentials by making the following assignments to monomials of 23231 ® H,BP
of degree 37: 71Mi1 is assigned 1 and all other monomials are assigned O.

The kernel of these tentative differentials is given by the table below, and

. 12
the 71 leader is ylMl.

DEGREE GROUP GENERATOR DEGREE GROUP GENERATOR DEGREE GROUP GENERATOR

(24,15) Z4 12 000 (26,15) Z4 2/ 10 100 (28,15) 2 2/ 11

100
222/14 000
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le 2713 210 216 1714 400
3/ 14 400 22/ 26 000
12726 000
(54, 15) 22 16/ 8 800 24 8/ 8 600 Z4 20/ 11 3180
16/ 11 310 8/ 11 3160 2/ 6 700
20/ 15 400 20/ 13 020 30/ 8 410
4/ 6 201 8/ 15 400 2/ 12 500
28/ 8 7080 2/ 8 201 20/ 14 210
16/ 8 410 i8/ 6 700
20/ 10 120 24/ 8 410
28/ 12 001 8710 120
24/ 12 500 30/ 12 001
8/ 14 210 18/ 12 500
10/ 24 100
Z4 24/ 9 BO0O Z4 26/ 9 600 Z4 26/ 9 600
12711 310 20/ 11 310 16/ 11 310
20/ 13 020 8/ 13 020 14/ 13 020
18/ 15 400 4/ 15 400 22/ 18 400
2/ 8 410 2710 120 4/ 12 001
26710 120 24/ 12 001 24/ 12 500
12712 001 22/ 12 500 4724 100
18/ 12 500 28/ 14 210
8/ 14 2180 12724 1060
6724 100
28 8 9 60O 28 2/ 8 600 232 30/ 11 3160
24/ 11 310 30/ 11 310 30/ 13 020
16/ 13 020 28/ 13 0260 20/ 15 400
20/ 18 400 i6/ 15 400 i/ 6 700
17 6 201 16/ 12 500 1/ 8 410
17 8 410 4/ 14 210 5/ 12 500
19/ 12 500 12724 100 7/ 14 210
14/ 14 210
18/ 24 100
232 30/ 11 310 Z32 12711 310
20/ 15 400 24/ 13 020
17 8 410 14/ 15 400
11712 500 1712 00 1
30/ 14 210 1712 500
2/ 24 100 20/ 14 210
12724 100

The leading differential dz‘*(glmi"’) = B[38] determines tentative differentials
by making the following assignments to monomials of 23271 ® H,BP of degree 38:
71M12 is assigned 1 and all other monomials are assigned 0. The kernel of
these tentative differentials is given by the table below, and the new

10
- d i .
v, leader is 43’1M1 M2
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4/ 6
287 8
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differentials by making the following assignments to monomials of 23271

of degree 41: 71M;3 is assigned 1; yiMloMz is assigned 2; 71MZM2 is

assigned 4 and all other monomials are assigned O.
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tentative differentials is given by the table below, and the new yl—leader is

117 14
271(M1 M2+1OM1 ).
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tentative differentials by making the following assignments to monomials of

23271 ® H,BP of degree 43:

1

M is assigned 1; M'M_ is assigned 2; Msz is

assigned 12; M‘:MZM3 is assigned 8 and all other monomials are assigned 0. The

kernel of these tentative differentials is given by the table below,

new 71—leader is 471(M11H2+2Mi4).

DEGREE GROUP GENERATOR DEGREE GROUP GENERATOR

and the

DEGREE GROUP GENERATOR
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(52, 15) 22 24/
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The leading differential d28(471(M11§2+2M14)

11
13

12
14
26

11
13
12
14
26

13
15

10
12
12

9
11
13
15

6

8
10
12
12
14
24

OB O MmN

O ON U
QO ONFP O

VO m NN oo
OOoONOOONOD

S NNO M <IN WD
O OONOCOON-O
OCO0OOMODO~R,OO0O0

QONQO QMmO

oY eNoNoNoNe) COoOO0OOmOOR

D OO0 00

Z

183

24/
168/
8/
8/
8/
24/
8/
24/
18/

247
16/

8/

8/
24/
24/
26/

4/
28/
12/
4/
4/
1/
12/
24/
8/

a4/
24/
:v4
4/
4/
12/
20/
20/
4/

11
11
13

10
12
14
26

11
13

10
12
14
26

13
15

10
12
14
24

11
13
15
10
12
12
14
24

N UO O WD PO NAOOM oo wWwmbdwum OPOoOWrRrNNOD
COoONRO=O

O OO0ONON"O
COO0O~000CC0

CONP O MO0 Mm
COoOQCO0ORLOO™O

Om ONPRLrOONO
cComOQOoO0OOQC

[eNoNoNoNoReNal

clazl

Z2 24/
16/
16/

8/
12/
24/
31/

24/
24/
16/

Z 12/
4/
2/
2/
4/
20/
16/
22/
7/

167
16/
24/
a4/
8/
12/
20/
8/
14/

Z_ 16/
168/
24/

:v4
8/
574

Z_ 16/
4/
16/
14/

11
13

8
10
12
14
26

11
11

8
14

11
13
4
8
8
10
12
14
26

b2
11
13
15

8
10
12
12
14
24

9
11
15
12
12
24

15
12
14
24

oL OowWmMNLm
O O N w OO
el eNoNoNeR=Nol

OBoWwa~,uNa o Ulo

S UIODWO =»NUOrRredOoW®
OO0 O OMODONRON-O

- N Ul
Qw00
(o ReoleiNe)

determines tentative

CONRPLROOR=O OOOO

OOO0O0ORO0O OO0~

Coro0o0Co ODOoOmOOOOOCO

differentials by making the following assignments to monomials of ngyl ® H,BP

of degree 43: Mi4 is assigned 1; bqle is assigned 2Z; MTME is assigned 12;

M:MZM3 is assigned 8 and all other monomials are assigned 0. The kernel of

these differentials is given by the table below, and the new 71—1eader is

8= 12—
189’1(M1M3+M1 Mz).
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DEGREE GROUP GENERATOR DEGREE GROUP GENERATOR DEGREE GROUP GENERATOR

(30,15) 2, 16/ 8 010 (34,15) 2, 16/ 10 010 (36,15) Z, 16/ 15 100
16/ 12 100 16/ 14 100
(38,15) 2, 16/ 6 210 (40,15) 2, 16/ 11 300 (42,15) Z, 16/ 11 110
16/ 13 0 10 32/ 6 500
8/ 8 400 16/ 8 210
24/ 10 110 16/ 12 300
z,16/ 8 210 (44,15) 2, 16/ 10 400 z 16/ 15 010
16/ 12 300 16/ 12 110
16/ 14 010
(46,15) Z, 16/ 4 410 z, 16/ 8 001
16/ 8 00 1 16/ 8 500
16/ 8 500
16/ 10 210
16/ 14 300
(48,15) Z, 16/ 9 500 z, 16/ 14 110 (50,15) Z, 16/ 15 110
16/ 15 30 0 16/ 8 120
4/ 6 600 Z 16/ 15 300 16/ 10 00 1
16/ 8 310 2 16/ 10 500
4/ 10 020
4/ 12 400
2,16/ 13 400 z, 24/13 400 (52,15) 2, 8/ 11 500
32/ 4 700 8/ 6 410 16/ 13 210
16/ 6 410 24/ 10 00 1 8/ 10 310
16/ 10 50 0 16/ 10 500 20/ 12 020
16/ 12 2 10 24/ 14 400
17/ 26 00 O
z,24/ 11 500 z, 16/ 7 410 z, 18/ 8 600
8/ 13 210 16/ 11 00 1 16/ 10 310
4/ 4 510 16/ 11 500 16/ 12 020
20/ 8 101 16/ 8 600 16/ 14 4 0 O
16/ 8 600 16/ 10 310 12/ 26 000
24/ 12 020 167 12 02 0
20/ 14 400 16/ 14 400
20/ 26 000 16/ 26 000
(54,15) 2, 8/ S 600 z, 24/ 9 600 z, 16/ 9 6800
8/ 11 310 8/ 13 020 8/ 11 310
16/ 13 020 8/ 15 400 16/ 15 400
8/ 15 400 8 6 700 4/ 8 410
4/ 6 201 8/ 8 410 24/ 10 120
28/ 8 410 24/ 10 120 12/ 12 00 1
8/ 12 00 1 8/ 12 00 1 4/ 12 500
20/ 12 500 16/ 12 500 8/ 14 210
8/ 14 210 10/ 24 100
16/ 24 100
z,32/10 120 2z, 16/12 500
16/ 12 00 1 8/ 24 100
8/ 24 100
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The leading differential d28{183r1M?<M3>) = 4C[42]M_ determines tentative

differentials by making the following assignments to monomials of 23271 ® H,BP
15 12 . 9.2 .
of degree 45: M1 is assigned 1; Mlpg is assigned 2; Mle is assigned 12;

MTM: is assigned 8 and all other monomials are assigned 0. The table below

gives the kernel of these tentative differentials, and the new 31—leader is

B
71(Mf oo ),

DEGREE GROUP GENERATOR DEGREE GROUP GENERATOR
(52,15) 2_ 16/ 11 500 (54, 15) 22 16/ 89 600
24/ 13 210 16/ 11 3160

4/ 4 510 247/ 13 020

20/ 8 101 4/ 6 201

8/ 106 310 8 6 700

207 12 020 8 8 410

12/ 14 400 16710 120

7/ 26 000 127 12 001

8/ 12 500

16/ 14 210

2724 100

DEGREE 16: A[161

The leading differential ds(Ailsleﬁz) = A[23]Mf§2 determines tentative
differentials which are a monomorphism on ZZA{IG} @ H.BP / le(Eio7) in

degrees less than 63. Thus there are no remaining elements.

DEGREE 18: Cl18]

The leading differential d'°(C[18](MM:+2M'M)) = vA[30]M. determines
tentative differentials by making the following assignments to monomials of
ZCl18] ® H,BP of degree 38: c[wmio is assigned 1 and all other monomials
are assigned 0. The kernel of these tentative differentials is given by the
table below, and the new C[18]-leader is 2C[18] (MM +3M M ).

DEGREE GROUP GENERATOR DEGREE GROUP GENERATOR DEGREE GROUP GENERATOR

(22, 18) 22 2/ 4 010 (26, 18) Z2 4/ 3 110 (28,18) Z4 4/ 5 300
6/ 8 100 2/ 0 210 2/ 7 010

2/ 4 300 2711 100

2/ 4 1160
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(30, 18) 22 2/ 5 110 (34,18) 22 4/ 7 110 (36, 18) Z4 2/ 5 210
2/ 4 210 6/ 8 3060
2/ 8 300 4/ 15 100
6/ 12 2060
(38, 18) 22 2/ 6 210 Z2 2712 010 (40, 18) Z4 6/ 7 2180
6/ 10 3060 6716 100 2/ 11 3060
6713 010
2/17 100
2/ 4 310
(42,18) Z2 4/ 5 310 Z4 2/ 5 310 (44, 18) 24 2715 0160
4/ 11 110 4/ 11 110 2/18 100
6/ 8 210 2712 110
6/ 12 300
(46, 18) 22 2/ 4 0 22 4/ 7 310 Z2 2/ 13 10
6/ 8 5 0 4/ 13 110
(48,18) Z2 2711 210 (50, 18) 22 4/ 3 510 Z2 4/ 7 101
8715 300 2/ 0 610 2/ 4 030
421 100 2/ 4 700 2/ 4 201
2/ 8 310 2/ 4 700
2/ 8 120
6712 210
Z2 4/ 7 101 22 8 3 510
2/ 4 201 4/ 15 110
2/ 4 700 2712 210
6716 300 2716 300

The leading differential d2°(2c[18](M:ﬁ3+3Mfr—42)) = (A[301+A[37])M determines
tentative differentials by making the following assignments to monomials of
Z,Cl18] ® H,BP of degree 38: C[lB]MZl is assigned 1 and all other monomials
are assigned 0. The kernel of these tentative differentials is given by the

table below, and the new C[18]-leader is 4C[18}(M:§3+M11§2).

DEGREE GROUP GENERATOR DEGREE GROUP GENERATOR DEGREE GROUP GENERATOR

(28, 18) Z2 4/ 7 010 (36, 18) 22 4/ 5 2160 (40, 18} 22 4/ 7 2160
4/ 11 100 4/ 9 300 4/ 11 300
4/ 13 010
4/ 17 100
(42, 18} 22 4/ 5 310 (44,18) 22 4/ 15 010 (46, 18) 22 4/ 7 310
4/ 18 100 4/ 13 1160
(48, 18) 22 2711 210 (50, 18) Z2 4/ 7 101
6/ 15 300 4715 110
4/ 21 100 2/ 4 201
2/ 8 310 2/ 4 700
2712 210
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The leading differential d”°(4C[181(MM +M 'M)) = D[45] determines tentative
differentials by making the following assignments to monomials of

ZSC[18] ® H,BP of degree 46: C[lSIMile is assigned 1 and all other monomials
are assigned 0. The only element of degree less than 68 in the kernel of

these differntials is 4C{18](M:b?2g3+b&13b_42b_43) which is the new C[18]-leader.

DEGREE 21: w»C[18]

The leading differential dlz(VC[18]M::§2) = A[32,3] determines tentative diff-
erentials by making the following assignments to monomials of szC[18] ® H,BP
of degree 12: vC[lS]M?M2 is assigned 1 and the other two monomials are
asssigned 0. The kernel of these differentials in degrees less than 868 is

given by the table below, and the new vC[18]-leader is uC[l8}MT§2§3.

DEGREE BASIS DEGREE BASIS DEGREE BASIS

(32,21) 65110 (40,21) 43160 (44,21) 5310

(48,21) 14110

DEGREE 23: A[23] = ¢A{16]

Al23] is defined by the leading differential A[23] = de‘(zc[la]ﬁz). In
addition nA[23] # 0 and d°(A[16IMM) = A[23]MM . Let

A{23,4) = ZZA[ZB] ® B<2>. The following table is constructed from computer
printouts. In each row of this table, except for the last row, the sum of the
numbers in the third and fourth columns equals the number in the second
column. Thus, the only nonzero element of E:?za in degrees less than 68 with
a representative in ZA[23] ® H,BP is AL23IMMCM_ which is the new

Al23]-leader.
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DEGREE DIM A(23,4) DIM &°(E'®)  piM &®(E'®)

(0,23)

(2,23)

(4,23

(8,23)

(8,23)

(10,23)
(12,23)
(14,23)
(18,23)
(18,23)
(20,23)
(22,23)
(24,23)
(28,23)
(28,23)
(30, 23)
(32,23)
(34,23)
(36,23)
(38,23)
(40, 23)
(42,23)
{44,23)
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DEGREE 23: wCl20]

The leading differential d‘2(4uc[zo]MfM2) = A[14]C[20] determines tentative
differentials which are a monomorphism on 22(4vC[201MfM2) ® B<4>. There are

no remaining elements.

DEGREE 28: A[8]C[20]

The leading differential d°(A[8ICI20IM M) = mA[32,21M, determines tentative
differentials which are a monomorphism on ZZA[8}C{ZO]{M1§2,Mf§é} @ B<4>. The
remaining elements in degrees less than 89 are

Z,AI81CI201M°M_ o (Z,A[8ICI20]MM, ® B<4>), and the new A[8]C[20]-leader is

AISICI[201M°M .
1 2

The leading differential d’s(zslmilmz) = A{8]C[20]Mf§2 determines tentative

differentials with image ZzA{S}C[ZO]MfEZ ® H,BP in degrees less than 63. The
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only remaining element in degrees less than 69 is A[8]C{20]M:3§3.

DEGREE 30: A[30]

The leading differential d4(A[30]MT) = pA[30] determines tentative
differentials which are a monomorphism on ZZA[GO]{Mf,ﬁz,MTEZ} ® B<4>. The
remaining elements are

2 2

4.2 2.2
<M > <M > <MD c .
(22A[30} M4 ® 22[ M1 , M2 ,<M3> ,<M4> ,{MS}, ,{Mn}, 1) e

o 2z A[30]<M>%PBaM 57 o Bes>
2 1 2 3
o, B,y

where the sum is taken over all O = «, B, ¥ = 1 with O < af3y. The new

A[30]-leader is A[30]<M':>.

The leading differential dB(A[SO]<M:>) = ¢A[30] determines tentative
2 B

differentials which are a monomorphism on @ Z2AI30]<M§>Q<M2> <M3>? ® B<8>
«,B,7

where the sum is taken over all 0 = a, B, ¥ = 1 with O < af3y. The remaining

elements are Z A[30]<M> o Z [<M>2, <MH>Z <M >2 <M > {M},...,{M},...1, and
2 4 2 1 2 3 4 5 n

the new A[30]-leader is A[30]<M4>.
DEGREE 31: A[31]

The leading differential dA(AISX]Mf) = pA[31] determines tentative differen-
tials which are a monomorphism on ZZA[Bl]{Mf,Mf,Mle,Msz,Msz} ® B<4». The

remaining elements are ZZA[BHM2 ® B<4>, and the new A[31}-leader is A[31]Mg

The leading differential ds(A[31]M2) = A[36] determines tentative
differentials which are a moncmorphism on ZZA[36]M2 ® B<4>. There are no

remaining elements.

DEGREE 31: 7A[30]

The leading differential dls(crzM‘:Mz) = mA[30IM + A[31]M deternmines tentative
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differentials with cokernel in degrees less than 68 given by the table below.

The new nA[30]-leader is nA[BO]Mlﬁf

DEGREE BASIS DEGREE BASIS DEGREE BASIS

(8,31) 1100 (10,31) 500 0 (12,31) 3100

(14,31) 1200 7000 (16,31) 1010
5100 (18,31) 3200 (20,31) 1300
3010 7100 (22,31) 1110
5200 (24,31) 3300 5010
9100 (26,31) 3110 7200
13000 (28,31) 1210 5300
7010 1100 (30,31) 5110
9200 1500 0 (32,31) 1500
3210 7300 9010
13100 (34,31) 1310 5400
7110 11200

(36.31) 1120 3500 5210
9300 11010 15100

The leading differential ds(nA{BO}Miﬁz} = A[BS}M1 determines tentative
differentials which are a monomorphism on ZznA[SO]{Mlﬁé,Mfﬁz} ® B<4>, The
remaining elements of ZZnA[BO] ® H,BP in degrees less than 68 are given by the

table below, and the new mMmA[30]-leader is nA[BO]Mf.

DEGREE BASIS DEGREE BASIS DEGREE BASIS

(10,31) 5000 (14,31) 12080 7000

(16,31} 1010 (18,31) 3200 (20,31) 3010

5100 7100

(22,31) 5200 (24,31) 5010 (26,31) 7200
9100

13000 (28,31) 1210 7010

5300 11100
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(30,31) 9200 15000 (32,31 3210
7300
2010 (34,31) 54080 11200
131060
(36,31) 5210 11010
9300 15100

The leading differential d’°(nA[3o}Mf) = A[40,1} determines tentative
differntials with kernel in degrees less than 68 equal to ZznA[BOI{MIMz,M?Mz),

and the new pA[30]-leader is nA[3O]M1M§.

The leading differential d14(nA[301Mle) = C[44] determines the tentative
differential d14(nA[30]Msz) = C{44IM?‘ There are no remaining elements in

degrees less than 68.

DEGREE 32: A[32,1]

The leading differential d24(nzaMf§3) = A[32,1} determines tentative differen~
tials with cokernel in degrees less than 63 given by the table below. This

table takes into account that nA[32,1) = 0. The A{32,1]-leader is A[32,1]M:

DEGREE BASIS DEGREE BASIS DEGREE BASIS
(8,32) 4000 (10,32) 2100 (12,32) 6000
(14,32) 4100 (16,32) 22060 (18,32) 0300
2010 6100 {20,32) 0110
4200 (22,32) 2300 4010
(24,32) 2110 6 200 12000
(26, 32) 0210 4300 6010
10100 (28,32) 41180 14000
(30,32) 2210 6300 8010
12100 (32,32} 0310 4400



(34,32)

(36,32)
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2001 2500 4210
8300 10010 14100
2310 4020 6400
8110 12200

The leading differential dG(Aisz,llbfﬁz) = A{37}Mf determines tentative

differentials which are a monomorphism on ZzA[32,1]Mf§2 ® B<4>. The

remaining elements of ZzA[32’1] ® B<4> in degrees less than 69 are given by

the table below, and the A[32,1]-leader remains A[32,1]M:.

DEGREE

(8,32)

(16,32)

(20,32)

(24,32)

BASIS DEGREE BASIS DEGREE BASIS
4000 (12, 32) 6000 (14,32) 4100
2200 (18,32) 0300 2010

6100

6110 4200 (22,32} 4010

€200 12000 (26,32) 0210

4300 6010 (28,32) 4110
10100

14 000 (30,32) 2210 8010
63060

12100 (32,32) 0310 4400

10200 (34,32) 2001 4210
2500
10010

8300 10010 (38,32) 4020
14100

6400 8110 12200

The leading differential de(A[BZ,llM:) = gAl32,1] determines tentative

differentials with kernel given by the table below. The new A[32,1]-leader is

A[32, 171 (OC+MM +M°M ).
2 1 3 1 2

DEGREE

(18,32)

BASIS DEGREE BASIS DEGREE BASIS

03060 (26,32) 0210 (30,32) 8010
2010 6010
6100 10100
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(34, 32) 2001 8300
285080 10010
10010 14100

DEGREE 32: A[32,2]

The leading differential d22(231M11) = A[32,2] determines tentative differen-
tials with image in degrees less than 69 equal to ZZA[SZ,Z]{l,MT) ® B<Z>,
Since 3A[32,2] # 0, the remaining elements are ZZA[BZ,ZJ{Eé,Mfgz} ® B<4>, and

the A[32,2]-leader is A[32,21ﬁé.

The leading differential d4(A[32,2]ﬁz) = vA[32,2]M = 7A[14]C[20]M, determines
tentative differential which are a monomorphism on ZEA{32,2]{§2,MTE2} ® B<4>,

There are no remaining elements of ZZA[BZ,Z] ® H,BP in degrees less than 69.

DEGREE 32: A[32,3]

The leading differential diz(VC{18]M?§2) = A[32,3] determines tentative

differentials with image ZzA[32’3] ® B<4>. The remaining elements are

Z A[32,31{M ,M°, M M ,MM MM MM} @ B<4>, and the A[32,3]-leader is
2 171 1 2 12 1 2 1 2

AfBZ,S]Mf

The leading differential d4(A[32,3]Mf) = pA[32,3] determines tentative
differentials which are a monomorphism on
Z AI32,31{M5, M, MM MM ,M°M } @ B<4>. The remaining elements are

2 171 12 12 12

ZzA[SZ’B](M1’M2) ® B<4>, and the A[32,3]-leader remains A[32,3]Mf

The leading differential dS(A[BZ,B]Mz) = A{37] determines tentative
differentials which are a monomorphism on ZZA[BZ,S]M2 ® B<4>. The remaining

elements are 22A[32,3]M1 ® B<4>, and the A[32,3]-leader remains A{32,3]Mf

The leading differential dS(A[BZ,SIMf} = A[BQ,UM1 determines tentaive
differentials with kernel in degrees less than 69 given by the table below.

The A[32,3]-leader remains A{32,3]Mr
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DEGREE BASIS DEGREE BASIS DEGREE BASIS
(2,32) 1000 (18,32) 9000 (26,32) 1400
13000
(30,32) 1020 (32,32} 1001 (34,32) 17000
9200 1500
9010

The leading differential d24(n20M13) = A[32,3]M, determines tentative
differentials with image in degrees less than 69 equal to all the elements in

the above table. Thus, there are no remaining elements.

DEGREE 33; mnAl32,1]

Since nzA[32,1] is nonzero, the only element of E: 33 with a representative in

ZZnA{BZ,IJ ® H,BP is zero.

DEGREE 33: 1Al32,2]

The leading differential dz(A[BZ,Z]Mi) = yA[32,2] determines tentative
differentials with image ZznA[32,1] ® B<2>. The remaining elements are

ZznA[EZ,Z]M1 ® B<2>, and the nA[32,2]1~leader is nA[32,2]M{

The leading differential dS(A[S]C[2O]M1§2) = nA[32,2]M1 determines tentative
differentials with image ZznA[32,2]{M1,M?} ® B<4>. The remaining elements are

ZzﬁA{32,2}(M1§2,M?ﬁ2} ® B<4>, and the new 71A[32,2]-leader is nA[32,2]M1§2.

The leading differential ds(nA{32,2]M1ﬁ2) = C[20]% determines tentative
differentials which are a monomorphism on ZznA[32,2]{Mlﬁ2,Mfﬁ2} ® B<4>. Thus,

there are no remaining elements.

DEGREE 33: vA[30]

The leading differential dA(A[BO}M?) = pA[30] determines tentative
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differentials with image szA[SO]{l,Ml,Mz} ® B<4>. There are also tentative
a'®-differentials determined by the leading differential

18 a2 T 2 cas . s s

d (C[18](M1M2+2M1M2)) = vA[3O]M1. In addition the leading differential
dlz(vAIBO}Mf) = 2C[44] determines tentative differentials with image K. These
tentative differentials are determined by assigning 1 to every monomial of

degree 45 of 22UA[30] ® HBP. Let ES = szA[I}O] ® H,BP. 1In the following

*,33
table, the numbers in the last three columns add up to the numbers in the
second column. Therefore, the only element of degree less than 68 in Eissg

with a representative in szA[CiO} ® H,BP is zero.

2 4, 4 16,,.16
DEGREE DIM E*,33 DIM d (E*,ao) DIM d (E*,ls) DIM K
(0,33) 1 1 0 0
(2,33) 1 1 0 0
(4,33) 1 0 1 0
(8,33) 2 1 1 0
(8,33) 2 1 1 0
{10, 33) 2 1 1 o
(12,33) 3 1 1 1
(14,33) 4 3 0 1
(16, 33) 4 2 1 1
(18,33) 5 2 1 2
(20, 33) B 2 2 2
(22,33) 6 3 1 2
(24,33) 7 3 2 2
(286,33) 8 4 1 3
(28,33) g 4 2 3
{30,33) 11 3] 1 4
(32,33) 12 5 3 4
(34,33) 13 5 4 4

DEGREE 34: BI[34]

The leading differential dZQ(BlMTM_ZZ) = B[34] determines tentative
differentials which have cokernel in Z2 ® [248[34] ® H,BP] in degrees less

than 69 given by the table below. The B{34]~leader is B[34]ﬁ2.

DEGREE  GENERATOR DEGREE  GENERATOR DEGREE  GENERATOR

(6,34) 0100 (10,34) 2100 (12,34} 3100

6000 (14,34) 0010 4100
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7000 (18,34) 5100 (18,34) 0300

2010 6100 (20, 34) 0110
1300 4200 7100
(22,34) 1110 23060 4010
8100 (24,34) 2110 3300
5010 6200 (26, 34) 0210
3110 4300 6010
7200 101 00 (28,34) 1210
4110 53060 7010
11100 14000 (30,34) 0500
2210 5110 6300
8010 12100 15000
(32,34) 0310 3210 6110
7300 13100 (34,34) 0120
1310 2500 4210
7110 8300 10010
14 100

The leading differential de(B[34]Mf) = A[39,3] determines tentative
differentials by assigning 1 to 8[34]Mf and 0 to B[34}M2. The kernel of these
tentative differentials on the remaining elements of Z e (248[34] ® H,BP) in
degrees less than 63 is given by the table below. The new B[{34]-leader is

B[34]M‘:.

DEGREE  GENERATOR DEGREE  GENERATOR DEGREE  GENERATOR

(12,34) 6000 (14,34} 0010 7000

4100 4100

(16, 34) 5100 (18,34) 2010 (20, 34) 13060
6100

4200 (22,34) 11180 4010

8100

(24,34} 5010 6200 (26,34) 0210
4
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7200 60160 (28,34) 12160

>
W
<
o
fand
<
b
e}

7010 5300 (30,34) 2210
11100 83060
41160 14000
5110 8010 15000
12100 12100
(32,34) 32120 13100
7300
0310
(34,34) 1310 4210 10010
8300 14100

The leading differential d‘z(B[34]M’f) = 2D[45] determines tentative
differentials by assigning 1 to B[34]M? and 0 to all other monomials of

2 (Z4 ® B[34] @ HIZBP). There is no point to computing the kernel of these
tentative differentials now because there will be a hidden differential
dB(B[34]M:M2) = nA[4o,1]Mf whose tentative differentials must be computed
first. Thus, we postpone both of these computations to Section 7.8. The

new B[34]-leader is B[BMM:MQ.

DEGREE 34: 2B[34] = 7°A[32,1]

The leading differentials dzinA[iiZ,l]Ml) = 2B[34], d°°

11, _
(WlMl ) = 28[341M1 and
24 73 = . . . . . . .
d (231M1M2) = 2B[34]M1M2 determine tentative differentials with image in
22(28(34}) ® H,BP. In addition the leading differential
d12(2B[34]Mfﬁ2) = A[45,1] determines tentative differentials which are a
monomorphism on 22(2B[34]M:13ﬁ2) ® B<4>, The table below shows that the only

nonzero elements of E:634 with representatives in 22(2B[34]) ® H,BP of degree
less than 69 are 2B[34]MMM and 2B(341M MM, The new 2B[34)-leader is

2B[34IM°M M _.
123
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4 20, .20 24 24 12 12
DEGREE DIM 2E,,,’34 DIM d (E*,ls) DIM d (E*,n) DIM d (2}:*,34)

(0,34) 0 (¢] 0 0
(2,34) 1 1 0 0
(4,34) 0 0 ¢ 0
(6,34) 1 1 0 0
(8,34) 1 o 1 0
(10,34) 1 1 0 0
(12,34) 1 0 0 1
(14,34) 2 2 0] 0
(16,34) 2 1 1 0
(18,34) 2 2 0 0
(20,34) 3 1 1 1
(22,34) 3 2 1 0
(24,34) 3 1 1 1
(26,34) 4 3 0 1
(28,34} 4 2 1 1
(30,34) 5 4 o 0
(32,34} 6 3 2 1
(34,34) 5] 4 0 1

DEGREE 34: vA[31]

The leading differential d4(A[31]Mf) = pA{31] determines tentative differen=-
tials with image ZZDA[31]{1,M1MT,M2,M1M2} ® B<4> and cokernel

Z pAI3THM MM ,M°M }. The vA[31]-leader is vA[31]M.
2 1 12 1 2 1

The leading differntial ds(vAIGI]Mf) = A[39,1] determines tentative
differentials which are a monomorphism on ZZVA[BII{Mf,M?MZ,MfMZ}. Thus, there

are no remaining elements.

DEGREE 34: A[14]C[20]

The leading differential d12(4uc[201MfM2) = A[14]C[20] determines tentative
differentials with image Z A[14]C[20] @ B<4>. Since mA[141C[20] * O, the
remaining elements are 22A{14}c[203{Mf,§2,Mf§2} ® B<4>, and the

Al14]C[20]-1eader is A[m]c{zomf.

The leading differential d24(4[31M11M2) = A[14]C[20]Mf determines tentative
differentials with image equal to zzAMz;}c[zo]{Mf,Ez,Mfﬁz} @ B<4> in degrees

less than 69. Thus, there are no remaining elements.
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DEGREE 35: wvA[32,3]

The leading differential d4(A[32,3]Mf) = pA[32,3] determines tentative differ-
entials with image szA[32,3]{1,M1,Mf,M2,Mle) ® B<4>. The remaining elements

are zzuA[:zz,S}{Mf,Msz,MfMZ} ® B<4>, and the vA[32,3]-leader is vA[32,3}M:;.

The leading differential dQ(vA{BZ,BIMf) = no*A[iBO]M1 determines tentative
differentials which are a monomorphism on szA{32,3I{Mf,MfM2,MfM2} ® B<4>,

Thus, there are no remaining elements.

DEGREE 35: nAl14]C{20]

The leading differential dz(A[14}C[20]M1) = mA[14]C[20] determines tentative
differentials with image ZznA[14]C[20] ® B<2> and cokernel

ZznA[14]C[20]M1 ® B<2>. The nAl1l4]C[20]-1leader is nA[l4]C[20]Mf

The leading differential d4(A[32,2]ﬁz) = T)A[lll]C[ZO]M1 determines tentative
differentials with image ZznA[14]C[20]{M1,Mf} ® B<4>. The remaining elements
are ZznA[14]C[20]{Mlﬁ2,M?§2} ® B<4>, and the new nAl141C[20]-leader is

DA[14]C[20]M1Md

The leading differential ds(nA[14}C[20]M1§2) = 2C[20]2M1 determines tentative
differentials which are a monomorphism on zznA[m]c[zo]{Mlﬁz,Msz} ® B<4>.

There are no remaining elements.

DEGREE 36: A[38]

The leading differential dS(A{31}M2) = A[38] determines tentative
differentials with image ZZA[38] ® B<4>. The remaining elements are

Z AL361{M M, M°, M .MM MM MM} @ B<4>, and the A[36]-leader is A[36]M .
2 171 2 12 12 v 2 1

The leading differential da(nA[3O]M1ﬁ2) = A[SB]M1 determines tentative



200

differentials with image ZzA[BS](M1’M2} ® B<4>. The remaining elements are

Z A[36){M>, M, M M_, MM , MM } ® B<4>, and the A[36]-leader is A[361M.
2 I D - S T~ S W] 1

The leading differential dQ(A[BB]M?) = nB{SS]Ml determines tentative differen-
tials which are a monomorphism on ZZAISS]{Mf,Msz,M?Mz} @ B<4>. The remaining

elements are 22A[36]{Mf,M1M2} ® B<4>, and the A[3B]-leader remains A[38]Mf

The leading differential dG(A[38]M1M2) = nA[4O,1]M1 determines tentative
differentials which are a monomorphism on ZZA[BS]MIM2 ® B<4>. The remaining

elements are ZzA[BBIMf ® B<4>, and the A{361-leader remains A[BS]M?.

The leading differential dzs(ZBleﬁz) = A[SG]M? determines tentative

differentials with cokernel in degrees less than 69 given by the table below.

The new A[38]-leader is A[:zs]MfM3.

DEGREE  GENERATOR DEGREE  GENERATOR  DEGREE  GENERATOR

(18,36) 2010 (24, 36) 6200 (26,36) 6010

(30,36) 2210

DEGREE 37: A[37] and oA[30]

The leading differential dG(A[SZ,GlMg) = A[37] determines tentative
differentials with image 22A[37] @ B<4>, The remaining elements are
(Z,A[37IM @ B<2>) o (ZA[I7IM M MM} © BA>), and the A[37]-leader is

A[37IM_.
1

The leading differential dB(A[BO]M:] = ¢A[30] determines tentative
differentials with image in degrees less than 68 equal to
Z oAl30141, M5 M, M2, M, M3, MEM+M M2, ME0, MO, M2, MM+ 0N, <M > MM e,
2 1772223 13 22171271 2223 1 2 3 12 1
MOME, M MM M2 <M > MO )
12" 22 21 Y

The remaining elements in degrees less than 68 are
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(Z_ oAI30IM ® B<2>) ® (Z cAl301{<M*>, MM, <M>>, <M >, M<MP>  Mo<M >, MM, M <M >,
2 1 2 1 12 2 3 1 2 1 3 1 2 2 3
MM, MEeM > MM, M2 MOeM >, MM <M >, MIOM, MU, MM M, MY MMM MO, M) ).

12 1 3 1 2 1 1 3 12 3 1 2 12 123 1 123 12 2

The ¢A[30]-leader is oA[30}My

Note that moA[30] = nA[37] = 0. In addition the leading differential
a'?(2C1181 (MM +3M’M ) = (0A[30]+A[371)M determines tentative differentials
with image in Zz(crA[30]+A[37])M1 ® B<2>. The cokernel of these tentative
differentials in degrees less than 68 is given by ZZ(A[37]+GA[BO])M?§2 ® B<4>
as well as the elements listed in the table below. The remaining elements in
(ZzA[37] ® ZZUA[3O]) ® B<2> of degrees less than 68 are

2 2
(ZzA[37]{M1,M2,M1M2} ® B<4>)

o (Z cA[301{<M >, MM, <M>, <M >, Mo<M%>, MM >, MOM_, M_<M_>, M°M°, M <M >, MOME,
2 1 12 2 3 1 2 1 3 12 2 3 1 2 1 3 1 2

M2 MPM > MM <M > MIOM MAWS, MAM M, MY MMM MO, M)
1 1 3 12 3 1 2 12 123 1 123 12 2
The new A[37]-leader is A[37]M‘f, and the new cA[30]-leader is O'A[BO]M:.
DEGREE BASIS DEGREE BASIS
(14,37) (GA[30]+A[37])MZ (16, 37) (aA[30]+A[37])Mfﬁ2
(20,37) (aA[30]+A[37])MlﬁZ (22,37) (cA[30]+A[37])Mf§§
(24,37) (oA[:zo]»fA[:a?J)Mfﬁ3 (26,37) (oA[30]+A[37])M;’<Mz>
(28,37) (cA[30]+A{371)Mf§2 (6A{30}+A{37])M:<M3>
(cA[30]+A[37] )M M<M >
12 3
(30,37) (c-A[BO}-l»A[B?})MiS (m[3ol+A[373)Mf§2<M3>

The leading differential dB(A[32,1]Mf§2) =A[37]Mf determines tentative differ-
entials with image ZZA[37]MT® B<4>. The remaining elements from ZzA[37] ® B<2>
are 22A[37](52,Mf§2} ® B<4>, and the new A[37]-leader is A[B?]ﬁz. The leading
differential d"(A[:mﬁz) = mA[39,31M + moA[32,1]M, determines tentative
differentials which are a monomorphism on (ZZA(37](ﬁé,Mf§2) @ B<4>)

® (ZZ{A[37I+GA{301)MTEQ. There are no remaining elements from 22A[37] ® B<2>.

The leading differentials ds(aA[solM':) = ¢°A[30] = 4C[44] and d8(A[37]M‘1‘) =0
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determine tentative differentials which are a monomorphism on the remaining
elements of ZZ(A[37]+<7A{301)M1 ® B<2> given by the table above and on
% M

(Z_oAI301{<M*>, MM, <M2>, <M >, MM, M2<M >, MO, M <M > MO0, MAeM >, MOV,
2 1 12 2 3 1 2 1 3 12 2 3 1 2 1 3 12

M2 ME<M >, MM <M >, M'OM_, MUMS, MEML M, MEE MOMEM, MOMC, M) ).
1771787 12 37y 2212123 17 123 122
There are no remaining elements in degrees less than 68 from

(ZZ(A(37I+GA[3O])M1 ® B<2>) @ (ZZUA[BO] ® B<2>).

DEGREE 38: B[38]

The leading differential d*'(y M®) = B[38] defines BI38], and nB[38] # 0.
Therefore the tentative differentials defined by this leading d®*-differential
have image in (248[38] ® B<2>) @ {22(28[38]M1) ® B<2>). The cokernel of these
tentative differntials is given by the table below. The B[38]-leader is

B[ssmf.

DEGREE GROUP GENERATOR DEGREE GROUP GENERATOR DEGREE GROUP GENERATOR

(12,38) Z2 6000 (14,38) Z4 4100 (18,38) Z4 6100

(20,38) 22 0111 Z2 2/ 7100 (22,38) 24 4010

(24,38) Z2 2110 Z2 6200 (26, 38) Z4 4300
Z4 6010 (28, 38) Z2 2/ 7010 Z2 14 0060
Z4 4110 (30,38) Z4 6300 Z4 12100

DEGREE 38: 1A[37] = noA[30]

The leading differential dZ(A[37]M1) = nA[37] determines tentative differen-
tials with image ZznA[37} ® B<2> and cokernel ZznAIZB'/']M1 ® B<2>. The

nA{37]1-leader is nA{B?]Mf

The leading differential d4(vA[32,3]Mf) = nA[37]M1 determines tentative
differentials with image ZZnA[37]{M1,Mf,M1§2) ® B<4>. The remainng elements

are ZZnA[37]Mfﬁ2 ® B<4>, and the new nA[37]-leader is nA[37]M?ﬁ2.
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DEGREE 39: Al39,1]

The leading differential ds(vAIBIIMf) = A[39,1] determines tentative
differentials with image 22A[39,1]{1,Mf.§2} ® B<4>. The cokernel of these
tentative differentials is ZgA[39,1](M1,Mf,M1§é,Mfﬁ2,Mf§2) ® B<4>, and the

A[39, 1]-leader is A[SS,l]Mr

The leading differential dB(A[32,3]Mf) = A[39,1]M1 determines tentative
differentials. The remaining elements in degrees less than 70 are
Zzﬁ[BS,ll{Msz,Msz} ® B<4> as well as the elements listed in the table below.

The new A[39, 1]-leaders are A[39,1]Mf and A[39,1]MTM?

DEGREE  GENERATOR DEGREE  GENERATOR DEGREE  GENERATOR

{10,38) 5000 (14,33) 7000 (16, 38) 5100

(18,39) 3200 (20, 39) 3010 (22, 39) 5200

11160 (24,39) 50180 3300

(26,39) 7200 130060 (28,33) 70160
53060 (30, 39) 5110 15000
6300

DEGREE 39: A[38,21]

The leading differential dS(A[14)C[20]ﬁz) = A[39,2] determines tentative diff-
erentials with image ZQA[39,21{1,M3} ® B<4>. Since MA[39,2] # 0, the
remaining elements are ZZA[39,2]{ﬁé,Mfﬁ2} ® B<4> and the A[39,2]-leader is
A[39,21E2. The leading differential d4(A[39,2]ﬁé) = nzctzolzm1 determines
tentative differentials which are a monomorphism on ZZA[39,2](ﬁ2,M?§2} ® B<4>,

There are no remaining elements.
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DEGREE 39: A[39,3]

The leading differential dS(BIB4IM?) = A[39,3] determines tentative differen-
tials with image zzA[39,31(1,Mf,E2} ® B<4>. Since nA[39,3] # 0, the remaining

elements are zzA[39,3]rfﬁé @ B<4>, and the A[39,3]-leader is A[39,3]Mfﬁz.

DEGREE 39: #BI38]

The leading differential d2(8[38]M1) = nB[38] determines tentative
differntials with image 22n8[38] ® B<2>. The remaining elements are

ZEY}B[BSIM1 ® B<2>, and the nB{38l-leader is nB{38]Mi‘

The leading differential d4(A{38]M?) = nB[BB]M1 determines tentative
differentials with image Zan[38]{M1,M?,M1ﬁ2} ® B<4>. The remaining elements

are ZZnB{38]Mf§2 ® B<4>, and the new nB[38-leader is "B[3S]Mf§z'

DEGREE 39: oAl32,11]

The leading differential dS(A[32,1]M?) = ogA[32,1] determines tentative
differntials with image in ZZUA{32,1} ® B<2> since noAl[32,1] # 0. The
cokernel of these tentative differentials in degrees less than 68 is given by

the table below. The ¢A[32,1]-leader is aA[sz,llvqﬁz.

DEGREE  GENERATOR DEGREE  GENERATOR  DEGREE  GENERATOR

(14,339) 4100 (18,39} 61080 (20,39} 4200
(22,39} 4010 (24,39) 8200 {26,39) 43060

6010 (28,39) 4110
DEGREE 40: A[40,1]

The leading differential d’°(nA[3o]Mf) = A[40,1] determines tentative
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differentials with image in ZZA{40,1} ® B<2> because nA{40,1} # 0. The
cokernel of these differentials in degrees legs than 69 is given by the table

below, and the A[40,1]-leader is A[40,11Mf.

DEGREE GENERATOR DEGREE GENERATOR DEGREE  GENERATOR

(12,40} 6000 (14, 40) 41080 (18, 40) 6100

{20, 40) 4200 0110 (22, 40) 2300
(24, 40) 6200 2110 (26, 40) 6010
4300 (28,40) 14000 4110

DEGREE 40: A[40,2]

The leading differential d26(471M:3) = A[40,2] determines tentative
differentials with image in ZZA[4O,2} ® B<2> because nA[40,2] = 0. The
cokernel of these tentative differentials in degrees less than 89 equals

Z AL40,21{M°M ,M°M }. The A[40,2)-leader is A[40,2]M°M .
2 1 2 13 1 2

DEGREE 40: c[20]°

The leading differential dg(nAiaz,zlmlﬁz) = c[20]% determines tentative diff-
erentials with image zzcizolz{l,mf} @ B<4>. Since nC[20]% # 0, the remaining

elements are ZZC[ZO]Z{ﬁé,Mfﬁz} ® B<4>, and the C{20]°-leader is C[zo]zﬁz.

The leading differential ds(c{20]2ﬁ2) = A[45,2] determines tentative
differentials which are a monomorphism on 22C[20]2{ﬁ2’Mf§2} ® B<4>, There are
no remaining elements.

2
]

DEGREE 40: 2C[20]" = 3A[39,2]

The leading differential dz(A[BS,Z]Ml) = nA[39,2] determines tentative



206

differentials with image 22(2C[2012) ® B<2>, The remaining elements are

22(2(:[20]2}41) ® B<2>, and the 2C[20]%-leader is 20[2012M1.

The leading differential ds(nA[14]C[201M1§2) = 2C[20]2M1 determines tentative
differentials with image ZZ(ZC[ZOIZ){Ml,M?} ® B<4>. The remainig elements are

22(2C[20}2){M1§2,Mi§2} ® B<4>, and the new 2C[20]1°-leader is zcizo}zmiﬁz,

DEGREE 40: nA[39,3]

The leading differential dz(A[BQ,BlMl) = nA[39,3] determines tentative
differntials with image ZznA[SQ,B] ® B<2>. The remaining elements ae

Zz'nAIBS,S]M1 ® B<2>, and the nA[38,3]-leader nA{BS,B]Mf

The leading differential dq(A{37]ﬁ2) = nAI39,3]M1 + n(rA[BZ,l]M1 determines
tentative differentials with image Zzn(AI39,3]+UA[32,1]){MI,M?,MIE2} ® B<4>.
The remaining elements are Zz(nA[39,3]+noA[32,1])Mf§2 ® B<4>, and the new

nA[39,3]-leader is (nA[39,3]+naA[32,11)Mf§2.

DEGREE 40: mnoAl32,1]

The leading differential dz(wA{BZ,llMl) = noAl32,1] determines tentative
differentials with image ZéncA{BZ,l] ® B<2>. The remaining elements are

Zzno-A[BZ,I]M1 ® B<2>, and the noAl32,1]-leader is ncA[BE,l]My

The leading differential d26(271(M11}22+2M14)) = moA[32,11M, determines
tentative differentials with image in degrees less than 60 euqal to all the
elements of Z,70Al32,1]M e B<4> except Zzno'A[32,1]{M?<M3>,M1<Mz><M3>}. Thus,
the remaining elements in degrees less than 68 are
< el vt 5 2
<M >, M <M ><M >}). Th
(ZznoA[SZ,l]{Ml,Mle,Mle} ® B<4>) e (szrA[32,1]{M1 M3 ,M1 M2 M3 }) e

new noAl32, 1]-leader is mA[32,1]Mf.
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The leading differential dsincAIBZ,lle) = 4D[45] determines tentative
differentials which are a monomorphism on ZzncA[32,1](Mi,M1§2,Mfﬁz) ® B<4>.
The remaining elements in degrees less than 68 are
ZznwA[BZ,1]{M?<M3>,M1<M2><M3>}, and the new 7oA[32, 1]-leader is

noA[32,1]Mf<M3>,

DEGREE 41: 7Al[40,1)

The leading differential dz(A[4O,1}M1) = nAl40,1] determines tentative
differentials with image ZznA[40,1] ® B<2>. The remaining elements are

ZznA[llO,l]M1 ® B<2>, and the nA[40,1]-leader is nA[40,1]Mf

The leading differential dG(A[36]MlM2) = T)A[4O,1]M1 determines tentative
differentials with image ZZnAMO,l]M1 ® B<4>. The remaining elements are

ZZnA[4O,1]{Mf,M1§é,Mfﬁé} ® B<4>, and the new 7A[40,1]-leader is nA[40,1]M?

DEGREE 41: nA[40,2] and %C[20]%

Since nzA[40,2] and 1)2(3[20]2 are nonzero, the only element of Ei41 with a

representative in (ZznA[QO,Z} ® Zan[ZOIZJ ® HBP is zero.

DEGREE 42: C{42]

The leading differential d28(471(M11+§2+2M:4)) = Cl[42] defines an element of
order four in E28 and determines tentative differentials whose cokernel in
Z4 ® (ZSC[42] ® H,BP) in degrees less than 69 is given by the table below.

The Cl[42]-leader is c[421Mj

DEGREE GROUP GENERATOR DEGREE GROUP GENERATOR DEGREE GROUP GENERATOR

(4,42) Z2 2000 (6,42) Z4 0100 (8,42} Z2 1100

(10, 42) z4 2100 {12, 42) 22 6000 24 3100



208

(14,42) 2, 4100 (16,42) Z, 1010 z, 2200
(18,42) Z, 2010 z, 0300 2, 6100
6100
(20,42) 2, 1300 z, 110000 z, 0110
2, 7100 (22,42) 2, 1110 2, 2300
z, 8100 (24,42) 2, 5010 z, 6200
z, 2110 z 3300 (26,42) 2, 6010
4 10100
z 3110 v 4300 z 10100
4 4 4

The leading differential d‘(c[z;sz) = vC[{42] = 8D[45] determines tentative
differentials which are a monomorphism on

Z e ((ZCla2]){M°, M MM ,MM , MM} o B<4>). The kernel of these tentative
2 8 i 1 1 2 12 12

differentials in degrees less than 69 on elements with representatives in

24 ® (28C[42] ® H,BP) is given by the table below. The new C[42]-leader

is 2c[42]§2.

DEGREE GROUP GENERATOR DEGREE GROUP GENERATOR DEGREE GROUP GENERATOR

(6,42) 22 2/ 0100 (10, 42) Z2 2/ 2100 (12,42) Z2 2/ 3100

(14, 42) 22 2/ 4100 (18,42) Z2 2/ 0300 22 2/ 8100
(20, 42) 22 27/ 0110 Z2 2/ 7100 (22,42) Z2 2/ 2300

Z2 27 8100 (24,42) 22 2/ 2110 Z2 2/ 3300
(26,42) Z2 2/ 3110 22 2/ 4300 Z2 2/ 10 1 00

DEGREE 42: 4Cl[42] = n°A[40,2]

The leading differential dz(nA[40,2]M1) = 4C{42] determines tentative
differentials with image 22(4C[42]) ® B<2>. The remaining elements are

22(4C[42]M1) ® B<2>, and the 4C[42]-leader is 4C[42]Mf

The leading differential d28(16gimf§3) = 4C[42]M, deternines tentative
differentials with image in degrees less than 63 equal to 22(4C[421)M1 ® B<2>.

Thus, there are no remaining elements.
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DEGREE 42: n°c[20]?

The leading differential dz(nC[ZO]ZMi) = 7°C[20]1% determines tentative
differentials with image 22n2C[20}2 ® B<2>. The remaining elements are
Z,n°Cl201°M ® B<2>, and the 1°C[20])%-leader is 7°C[20])%M .

The leading differntial d*(A[ag,zlﬁz) = n"‘c[zo]"’M1 determines tentative diff-
erentials with image 22(n2C[2012){M1,Mf} ® B<4>. The remaining elements are

Zz(nZC[20]2){M1g2,M?§2} ® B<4>, and the new nZC[ZO]Z—leader is nzC[ZO]ZMlgz.

DEGREE 44: Cl44]

The leading differential d14(nA[301MiMz) = C[44] determines tentative
differentials with image in Z2 & (ZSC[44] ® B<2>) since nCl{44] # 0. The
cokernel of these tentative differentials in degrees less than 69 is given by

the table below. The Cl[44]~leader is C[44]Mf.

DEGREE  GENERATOR  DEGREE  GENERATOR  DEGREE  GENERATOR

(4,44) 2000 (6,44) 0100 (8,44) 4000
(10,44) 2100 (12,44) 6200 6000
(14, 44) 0010 4100 (16, 44) 22060
(18,44) 0300 2010 6100
{20, 44) 0110 4200 100000
(22,44) 2300 4010 8100
(34, 44) 2110 12000 0400

DEGREE 44: 2Cl[44]

The leading differential d’Z{uAtso)Mf) = 2C[44] determines tentative
differentials with cokernel in degrees less than 89 given by the table below.

The 2C[44]-leader is 2c[44]mf.
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DEGREE  GENERATOR DEGREE GENERATOR DEGREE  GENERATOR

(12,44) 6000 (14, 44) 7000 (16,44) 5100

(18, 44) 6100 (20, 44) 7100 4200
(22, 44) 5200 2300 (24,44) 5010
6200 3300

DEGREE 44: 4C[44] = 0°A[30]

The leading differential ds(cA[SO}M:) = 4C[{44] determines tentative
differentials whose cokernel in degrees less than 69 is given by the table

below. The 4C[44]-leader is 4C[44]M:.

DEGREE  GENERATOR DEGREE  GENERATOR DEGREE  GENERATOR

(14, 44) 7000 (18, 44) 6100 (20, 44) 7100

(22, 44) 4010

DEGREE 45: Al45,11

The leading differential d12(28[34]Mfﬁé) = A[45,1] determines tentative
differentials with image ZzA[45’1] ® B<4>. Since 7mA[45,1] # 0, the remaining

elements are Z,A[45,11{M’,M M} o Bca>. The AL45,11-leader is ALas, 10,

DEGREE 45: Al45,2]

The leading differential dS(C[zolzﬁz) = A[45,2] determines tentative differen-
tials with image ZzA[45,2]{1,Mf} ® B<4>, Since nA[45,2] # 0, the remaining

elements are zzA[45,2](§2,Mfﬁ2} ® B<4>, and the A[45,2]-leader is A[45,2]§2.

DEGREE 45: DI[45]

The leading differential d28(4C[18](MIﬁ3+M§1ﬁé)) = D[45] determines tentative

differentials with image in Z2 ® (ZlSD[4S] ® B<2>) since nD[45] # 0. The
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cokernel of these tentative differentials in degrees less than 68 is given by

the table below. The D[45]-leader is D[45}M?

DEGREE GENERATOR DEGREE  GENERATOR DEGREE  GENERATOR

{4,45) 0200 (6,45) 0100 (10,45} 2100
(12, 45) 6000 (14, 45} 4100 (186, 45) 2200
(18, 45) 0300 6100 (20, 45) 0110

10000 (22,45) 2300 8100
DEGREE 45: 2D[45]

The leading differential d12(8[34]MT) = 2D[45] determines tentative
differentials whose cokernel in degrees less than 87 will be computed in
Section 7.8 because of the hidden differential mentioned in the discussion

of d’2(8[34]Mf) above. The 2D[45]-leader is 2D[45]Mf.

DEGREE 45: 4D[45]

The leading differential ds(naA132,1}Mf) = 4D[45] determines tentative
differentials with image Z2 ® (24(4D[45]){1,M!,M2} ® B<4>). The remainig
elements are Z_ o (ZDI4S]{M, M, MM MM ,M°M} @ B<4>), and the

2 4 11 12 12 1 2

4D[45]-1eader is 4D[45]Mf

DEGREE 45: 8D[45] = vC[42]

The leading differential d4(C[42]Mf) = 8D[45) determines tentative differen-
tials with image 22(8D[45]){1,M1,MT,M2,MIM2} ® B<4>. The remaining elements
are 22(8D[45]){M?,MTM2,M3M2} ® B<4>, and the 8D[45]-leader is 8D[45]Mf

DEGREE 45: #C[44]

Since nzC[44] # 0, the only element of E: with a representative in

Zan[44] ® H.BP is zero.



