
Some Math 113 Practice Problems for Midterm 1

Here are some problems to work on in preparation for the first midterm (this is probably the best use of

your time as far as studying for the exam goes). Let me remind you that there are some topics we covered in

class which are either not in the book, or skimmed over in the book. Some of these topics are: everything in

the basic notes on number theory and the note on dihedral groups posted on bspace, the center of a group, the

cycle type of a permutation in Sn, conjugate elements in a group G, description of all subgroups of a finite

cyclic group, permutation matrices, group of units in Zn (denoted Z∗n). If any of these topics are completely

foreign to you, you might want to come to office hours to acquaint yourself with them.

1) a) Find the order of the group H generated by 1530 in Z2346.

b) Find another generator of the group H.

c) Is the following is an equivalence relation on Zn: a∼ b if and only if a−b generates Zn?

2) a) Find the inverse of 12 in Z∗65, the group of units in Z65 with multiplication mod 65.

b) The order of Z∗65 is 48. Is Z65 the only group of order 48 up to isomorphism? Why or why not?

3) a) The least common multiple lcm(`1, `2, . . . , `k) of positive integers `1, `2, . . . , `k is the smallest positive

integer M such that `i|M for every 1≤ i≤ k. Let σ ∈ Sn be of cycle type (`1, `2, . . . , `k). Show that the order

of σ is lcm(`1, `2, . . . , `k).

b) What is the order of the following element in S10? 1 2 3 4 5 6 7 8 9 10

2 5 4 7 8 6 3 1 10 9


c) Show that S10 contains no elements of order 18.

4) List all cyclic subgroups of D5.

5) Let n be an integer such that n ≥ 1. Let S = {n× n real matrices A | det(A) = 2k for some k ∈ Z}. Show

that S is a subgroup of GLn(R), the group of n×n invertible real matrices with matrix multiplication.

6) Show that an element in Sn has order 2 if and only if all of the cycles in its disjoint cycle decomposition

are transpositions.



7) Let A and B be groups and let G = A×B be their direct product. Show that the maps π1 : G→ A and

π2 : G→ B defined by π1(a,b) = a and π2(a,b) = b are homomorphisms and find their kernels. Are these

homomorphisms necessarily injective? Surjective?

8) Mark each of the following as true or false and give a brief justification for your answer.

a) Every group of prime order is cyclic.

b) Two elements in Sn are conjugate if and only if they are of the same cycle type.

c) Every element of Sn can be written uniquely as a product of cycles, up to reordering of the cycles in the

product.

d) The odd permutations in Sn form a group under composition.

e) Every cyclic group of finite order n has exactly one subgroup of order d for each divisor d of n.

f) Every subgroup of Z,+ is of finite index in Z.

g) The group 10Z+11Z with addition is isomorphic to Z with addition.

h) In the dihedral group Dn where n > 2, the only element which commutes with every m ∈Dn is the identity.

i) If a binary structure has a left identity eL, then eL is also a right identity for the structure.

j) Z×Z2 is isomorphic to Z.


