
Math 453 Homework 4 Due Friday, September 27, 2019

It is not necessary to turn in solutions to ungraded problems. All book problems are from
Chapter Two. The symbol (E) indicates that a problem is either an old test question or
could easily have been on a test if it hadn’t been an old homework problem. If you want to
prepare your solution using TeX, please put your name in your own handwriting. I never
mind if you put equations in by hand It is important to write your proofs carefully and
clearly. It is always a good idea to look at numerical versions of a proposed result.

(ungraded) Strayer – Problems 34a, 39a, 51a, 68a.

Wolfram|Alpha problem: Your number N is a prime. Verify Wilson’s Theorem for N and
Fermat’s Little Theorem with a = 3. To find 3400 (mod 401), type: “What is 3∧400 mod
401?”. It’s also fun to type “What is 3∧400?” to see a fairly large number. You can also do
this with other small primes.

1. Strayer – Problems 33b, 39b.

2. Strayer – Problems 51b, 68b.

3. Strayer – Problem 47a. There is a hint, but it is not sufficient to copy the hint without
saying a good deal more. Also, illustrate your method with p = 11 and p = 13. To make life
easier for the grader, please write an odd prime p as p = 2n + 1 for an integer n, so p ≡ 1
mod 4 means that n is even and p ≡ 3 mod 4 means that n is odd.

4. This problem involves your integer N , given to you on the Course Organization sheet.
Solve the system

x ≡ 5 mod N

x ≡ 3 mod 7.

You may use any correct method, but it will be faster (I think) to use the sequential con-
gruence approach from class, using the equations in the order written.

5. (E) Determine the last two decimal digits of 347453 – 100 = 22 · 52 and gcd(22, 52) = 1. A
numerical answer is not sufficient for this problem. You must show your method.

6. (E) Find all integers n with the property that the last two digits of 68n are “44”, when
written in the usual decimal notation. (Hint: think of this as a congruence equation.)

7. (E) Let f(x) = x9 − x.

a. Prove that 30 | f(n) for every integer n. (Hints: Use Fermat’s Little Theorem as applied
to 30 = 2 · 3 · 5. Euler’s Theorem is less helpful than you might think because there are a
lot of a for which gcd(a.30) > 1. Induction is possible, but very messy!)

b. Prove that there is no integer m > 30 so that m | f(n) for every integer n. (Hint:
consider f(2) and f(3); you may use a calculator or Wolfram|Alpha.)


