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State a version of Hensel’s lemma, and use it to show that Q5 /(Q5)? & Z/3ZxZ/3Z.

(a) Let K/Q, be a finite extension, and let L/K be a finite Galois extension. Define
the upper and lower ramification groups of G = Gal(L/K).

(b) Calculate the upper and lower ramification groups in case K = Q3 and L is the
splitting field of the polynomial f(X) = X3 — 3.

(a) Let K/Q, be a finite extension, and let f(X) € K[X] be a monic polynomial
with f(0) # 0. Define the Newton polygon Nk (f) of f(X).

(b) Let L/K be a Galois, totally ramified extension of degree n, let 7 € Of
be a uniformizer, and let f(X) € Og[X] denote the minimal polynomial of 7. Let
9(X) = f(rX +m)/7"X € Or[X]. Show that an integer m is a slope of Np(g) if and only
if G # Gmr1-

Calculate, with justification, the Hilbert class field of K = Q(v/—31). [You may use

the fact that the discriminant of the polynomial f(X) = X3+ aX + b equals —4a® — 27b%.]
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