
Math 104A: Fall 2012
Midterm 2

Monday, 11/19/2012

Instructions: Please write your name on your blue book. Make it clear in your blue book
what problem you are working on. Write legibly. This exam is graded out of 100 points.
Following these instructions is worth 5 points.

Problem 1: [15 points] Decide whether or not 17 is a unit in Z30. If so, compute 17
−1

in
Z30. Justify your answers.

Problem 2: [5 + 5 points] Let n ∈ Z+. (a) Carefully define φ(n), the Euler φ-function
evaluated at n and (b) calculate φ(128000). (You need not use your definition from Part (a)
to do Part (b).)

Problem 3: [10 points] Give an example (with justification) of a prime p > 0 and a
nonconstant polynomial f(x) ∈ Zp[x] such that f(x) has no roots in Zp.

Problem 4: [20 points] Let p > 0 be prime and let a, b ∈ Z. Prove that (a + b)p ≡ ap + bp

(mod p).

Problem 5: [20 points] Five pirates find a treasure chest on a desert island containing x
golden coins. The pirates, somewhat pressed for time, were not able to count the number of
coins in the chest, but estimate that 150 ≤ x ≤ 250. When the pirates try to divide up the
coins as evenly as possible, one coin is left over. In the vicious fight that ensues, one pirate
is killed. The four remaining pirates try to divide up the coins as evenly as possible, but one
coin is still left over, and one more casualty results. The three surviving pirates are able to
successfully divide up the coins evenly between them. Find x.

Problem 6: [20 points] Define a sequence of numbers a1, a2, . . . by a1 = 1, a2 = 11, a3 =
111, a4 = 1111, . . . . Let m = 539 = 72(11). Find (with proof) an integer n such that m|an.
You may use the fact that 1 + x+ x2 + · · ·xr−1 = 1−xr

1−x
without proof.


