
Individual power operations:formulas
Recall from lecture 1: I prime Eilenberg Maclare Spectru

All) =
=

ring of classical stable operations on HP) -, el
=He*(Hel
R

Axious for (2): Youda

1) AS2) is generated by steered squares Sq"i
=

0, 1,2, ...

2) Sq°= id

3) x=H=c Sq(x) =x
2

4) x =4* =Sqx)
=0 for is n

5) Cartan formula:Squ(xy) =[ Sq"(x) SqY(y)
it j=k

6) Sq'=B Bockstein =coborndary of ot/ + 4/4 - 4/2 -0

1) Aden relations:Oxa<2b =Sq"Sq= (*2;)Sq** Sq"



Today:

If churkprime

will define

pi:44) -,/e) ->HP+2iLe-,q+iK-
1)
-

, x/1)( =Sqe=e)
Bi:H**)-,/l) -> H

Ptice-1971, qtile-1(-,72/e) (=Sqe-- 2)
and prove analogs of 21,3,4),5),6)

and define the total power operation
i=0

=0

R:HY)-,/l) -> iF (-k/e)Da,d*'(
=ed+yc) for 12

R(u): =[ Bi
- (a) cd" +P"(u) d-1

we needed toprove Aden relations (next week)



Recall:Re:Ane (BSel+->Kne Kn=ku,se
I X

Eilenberg.Maclare space

Pe:"(-,4/e) -> Feneine) - (BSelt, isel

#.16: F. ptsimpl sheat

↑ ( F.n(Sel,/e7 =(F.,/e) $c,dD
=ed +c(c1 =(21 -3,l - 1) x =0

=0 for 2 +2
(d) =(22 - 2,l- 1)

usI" (F., T/1) ->Meneine(F.e(BSeb, K/e) =Pela)
=>Pelul= Citn(n)cd"+ DiCald

~ 2n +2(n-ill - 1) + 1,n +-ile- 1)
( -,7/l)Ci =

=Cin:F(-, T/e) -> H
~ 2n +2(n-i)(l- 1),n +(n- i)(l - 1)

Di ==Diin: I (-,7/e) ->H 1-, x/e)



GemmaI attenFree!*"CF.
② Citilurr)= CrtiluleDir(r)+DrCuleCrt(v) 31

+2

③ Dilanv)=EoDr(n)eDi-r(u) +=CanlalnCi-r(u) 2r=0

④Cilumu)=[GrelulnDi-ful+DecainCi-reilu) tpCrtlale(ir(u)
r=0

I:Lemma 5.7 Peluev) =1 (Pelu) 4e(r))

LAS:Pelunv) =5 Citilunrlcdi+Dilunuld"

RAS:PelulePe(r) =30Cit(ulcd +Diculd(-(Cula) cd+DaNIdY
= I Ciriluli (a, (v) cdtmto(CitilulaDmLu) + DilulaCm,(ul)ad"

%,m x,0

- Dilute Dm(r) det
B



Letof 1i"CT,T/) be the fartological class.

laim:Pelof) =Od

If: 0 -> Se -> th:Th(0) -ThISe)
12

monomorphismof bundles TnBSex
over BSC Thou

class

Lemma 5.8 =>PelO+7:those
Lemma 4.7 Is the tse) =

oe/0 D

=d

Lemma 9.2:Citi(unof)=Lilule of
Di (unoF 1 =Di-,Cu)1 Or

It:Pelot1 = ond =Did =3
Cil0+1 =0 ti

=Or Di (0+1 =0 it)

Applying Lemma 9.1, we are done v
I



ne Y2(F., T(e) By Prop 2.6 the can be extended

pi(u) =
=Dn-i(a) pi: I419 -> P+zice-11, qtill-1)

Bi(u): =2n-i(u) Bi:1419 -> MP+2i(e-1 +1, q +i(l-1)

For 1 =2 Sq2i= =pi Sait'=Bi

Thm 9.3: 4" =Bi =0 for i <0

2:pi: a)-,x() -> Reatzice-1, arise-1(-,7/9)
11

1

yonda Howl-, kuixe) -> Hom J-,Katiceri,selH.(4)

6 Hom (Kuise, Karise -1)
=12intise-1, n+ice-1(kn,X/e,K/1) =0

4

Prop 3.7 *( kn, A,B) =0
B

m < n n >, 0
I



Prop 3.6: 1+2:pilunrl= Pluln pirsul
Tweak Cartan formula)

Axiom 5) Biluer)= (BY(n) e P:-) =PnTeB"-(r1)
e=2:Sqiuer)=E.Sq"Cule Sq-v) ++Sq(unsqes-(v)
Squiturrl=/8q*InInSq-(r) + Sqca) Sqi-r-(r))

+esy" (a) sai-s-(n)
I: ueyenin, veyam,m Lemma9.1

1st formula planul=Datn-iCunvlIDsCaleDati-s(u)
-"pr-scale pits" (r) =P(u)n4"(u)

S= 0
↑

r=n- S B
the rest is similar +This 9.3



This 9.4 P= Id (Axion 2)

I: 40: #2) -, 7/e) -> "" (-, K/e)
I

Homyn")-, Kassel -> Hommea(-, Kniesel
E Homan) Knie, Kaisel =I* (Knicce, /e)

↑

Yoda
11 EProp 3.8

Hom (THe, TLIC)
=C Polu) = aru for some acT/l

Lemma 6.17: M line bundle

Pe(e(m)1 =e(m) etee-
Do(e(m1)

M =Wp2 =- 2 (m) =F(4,/e)

and 9%e(M)1 =D,0 (e(M1) =e(M) =7a =1B



Lemma 9.5: B. B"=0 and BP =Bi Axiom 6):
for e=2 this heads

If: Have a) B(c) =d, B(d) =0
is

b) PCurl=PCaIv+f1*tt"
B99:Sq

by (8.1)

c) nc F" => BPelal =0 by the 8.4

0 =BPe(u) =B) Citlaied" +Diculd")

end
by as =0 by al

i - 1* B(B*i-Yallad + (12 + isce-1+ ri-jal Blad" +E*s
+ B( p"-"culld"+(-1)za+ccuitparica) B(d")-

O by al

=>B Brri- (a) =0

=>B(p"
- " (n)) =Br-i(n)

A



Lemma 9.7 ae Inn =>Pr(al =ul (Axion 3)

I: Lemma 5.10 =>Pe(u) =ul =Don(n) =P"(a)
B

Lemma 3.8 nc FPq n > 4-q1n xq
=3P"(u) =0

i =a+q
-

P j
=n -

q (Axion 4 (

·so,(n)F2n)E,"2F.,Te) = P4)F., Kel = u

Lemma

I 9.7 ↓ Pr ↓P I
e ~p+ zice-11, q+i(l-1)

los"of(n))2=1
+eace-1, n +all- 13

I - -> P"(u)I

↑

=0 because cup productof simplicial suspension is trivial

I



Total power operation
For 1 = 2 this becomes

R:#" -> " DC, d'D/2
=edtec R(u) = [ Sq"u) cd"

i
=

0
=02 +2

+ Sq"(n) di
RUI: =2B"(u)cd-"+ pilald-

Claim:R(uv) = R(u). R(v)

If:n= Menin, weem,m Lamma 5.7

↓".R(u) =I B""(alcd+ pila) dr-i Pelanv)=S/PelaInPe(rI)
I

= E(n-it, (n) ada-i+Da_i(uld"
- " Il Il

↓
"

"R(unv) 1"(d" R(n) d"R(r))

=Citilulcdi +Di(u)di = d"** R(u) R(v)

= Pe(u)
B


