
Math 417 Midterm #3 Review Fall 2018

Topics

Material covered in class from Sections 3.1-3.2, 5.1-5.4.

1. Be able to give precise and correct definitions of the important concepts from these lectures.
Know the basic examples and properties.

• direct product, semi-direct product

• group action, orbit, stabilizer, centralizer, normalizer

• Sylow p-subgroup

2. Know what our important theorems say, know how and when to use them:

• Recognizing direct products and semi-direct products (Proposition 3.1.5, Corollary 3.2.5)

• Orbit-Stabilizer theorem

• Burnside’s Lemma

• Class equation

• Sylow theorems

3. Know how to use the orbit stabilizer theorem and Burnside’s lemma for counting arguments.

4. Know our classification results for groups of order p, p2, pq where p, q are distinct primes.

5. Be able to prove results proved in class such as:

• If A, B are normal subgroups of G such that A ∩ B = {e} then ϕ : A× B → G defined
by ϕ(a, b) = ab is a homomorphism.

• The orbit-stabilizer theorem

• Proposition 5.4.2



Practice problems

Here are a few further practice problems.

Question 1 Consider the subgroups of D5, H = 〈r〉 and K = 〈j〉. Are these normal subgroups? Is
D5 a direct product H ×K? Is it a semi-direct product of H and K?

Question 2 Let G be a finite group and consider the conjugation action on itself. Use Burnside’s
lemma to compute the number of orbits:

• G = S3. (Confirm your answer by direct computation)

• G an abelian group. (Is there another way to arrive at the answer?)

Question 3 If G is abelian and p is a prime, what are the possible values for np, the number of
p-Sylow subgroups?

Question 4 Suppose that G is a group of order 88. Let H ≤ G be an 11-Sylow subgroup and K
a 2-sylow subgroup. Must H be normal? What about K? (In each case, give an argument for
normality or provide a counterexample).

Question 5 How many ways can you rearrange the letters of the word SOUPSPOONS?

Question 6 For which a is there a semi-direct product Z5 oα Za (not isomorphic to the direct
product)?

Question 7 Compute the centralizers of elements of D4.

Question 8 What is the normalizer of 〈j〉 ∈ D4?

Question 9 Let H ≤ G be a subgroup. Is NG(H) normal in G? Is H normal in NG(H)?

Question 10 Suppose that G is a group of order 75. If A,B are normal subgroups, |A| = 3 amd
|B| = 25, then G ∼= A×B. What if you only know that A is normal?


