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Exercise 1. Show that if A is a strict p-ring with perfect residue ring R and if [·] : R→ A is the Teichmüller
lift then every element α ∈ A can be written uniquely as

α =
∑
n≥0

pn[αn]

for αn ∈ R.

Exercise 2. Let S = Fp[Xp−m

i , Y p−m

i ]i,m≥0, S = Zp[Xp−m

i , Y p−m

i ]i,m≥0 and Ŝ = lim←−S/p
nS.

1. If Si ∈ S such that ∑
n≥0

pn[Xn] +
∑
n≥0

pn[Yn] =
∑
n≥0

pn[Sn]

in Ŝ show that Sn is a homogeneous polynomial of degree 1 in X0, . . . , Xn, and a homogeneous poly-
nomial of degree 1 in Y0, . . . , Yn.

2. If P i ∈ S such that ∑
n≥0

pn[Xn]
∑
n≥0

pn[Yn] =
∑
n≥0

pn[Pn]

in Ŝ show that Pn does not contain monomials with only X-s or only Y -s.

Exercise 3. Let DHT,K : RepCp
(GK) → GrVecK . Show that if L/K is a finite extension then DHT,L

∼=
DHT,K ⊗KL.

Exercise 4. Consider V ∈ RepCp
(GK) the two dimensional representation with the action

g 7→
(

1 logχcycl(g)
0 1

)

Show that ΘSen =

(
0 1
0 0

)
.

Exercise 5. Let Bn
Sen ⊂ Cp[[T ]] be the set of power series with radius of convergence at least p−n. The Galois

group GK acts on Cp[[T ]] semilinearly via g(T ) = T + logχcycl(g).

1. Show that Bn
Sen is stable under the action of GKn

.

2. If f =
∑
k≥0

akT
k ∈ (Bn

Sen)GKn show that ak ∈ K̂∞ for all k ≥ 0.
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3. Show that for f as above and any g ∈ GKn we have

ai =
∑
k≥i

(
k

i

)
g−1(ak)(− logχcycl(g))k−i

4. Deduce that

g(prm(ai)) =
∑
k≥i

(
k

i

)
prm(ak)(− logχcycl(g))k−i

5. Show that the left hand side is a locally constant function of g.

6. Show that the right hand side is an analytic function of g.

7. Deduce that both sides of the equality are constant, equal to 0 when i ≥ 1.

8. Conclude that (Bn
Sen)GKn = Kn.

9. For V ∈ RepCp
(GK) let e1, . . . , ed be the Kn basis of DSen(V ) which descends to Kn. Show that

fi = exp(−TΘSen)ei ∈ BSen⊗CpV := lim−→
n

Bn
Sen⊗CpV .

10. Prove that the K∞-linear map ι(ei) = fi gives DSen(V ) = DBSen
:= lim−→

n

DBn
Sen

(V ) as K∞ vector spaces.

11. Show that − d

dT
ι(v) = ι(ΘSen(v)) and thus that DBSen

: RepCp
(GK)→ SK∞ is the same as DSen.
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