
REVIEW SHEET FOR MTH316 - MIDTERM I

This sheet is split into two parts. The first outlines the material covered that I expect you to be
able to do in the exam. The second part are some practice questions that may help you prepare
for the exam.

1. Things that you may have to do

(1) Give the definition of a group
• Show that a given set with a given binary operation is a group, by showing it satisfies

the group axioms.
• Show that a given set with a given binary operation is not a group, by showing it fails

an axiom or property of groups.
• Know the “standard” groups like Z, Zn, Dn, U(n), non-singular matrices etc.
• Construct Cayley tables of groups.

(2) Prove basic properties of a group
• Uniqueness of identities and inverses
• Cancellation properties
• Socks-shoes property
• Know what “Abelian” and “commutative” means - and give example of non-Abelian

groups.
(3) Give the definition of |g| and |G|.

• Compute |g| and |G| in simple cases (e.g elements of Dn or U(n) etc).
(4) Subgroups

• Know the statements (but not the proofs) of the subgroup tests
• Use the subgroup tests
• Know the definition of Center and Centralizer, and show they are subgroups.

(5) Know what a cyclic group is and what a generator is.
• Be able to show that a given group is or isn’t cyclic. Find (all) generators.
• Find orders of elements in a given cyclic group (like Zn).
• Find subgroups of cyclic groups (like Zn)
• Construct subgroup lattices.

(6) Euler φ function.
• Know the properties and do simple computations
• Use it to study elements of cyclic groups.

2. Practice problems

These practice problems are organised by chapter. They refer to the 9th edition, with the 8th
edition versions in brackets. I have also typed out some extra questions underneath which appear
in only one of the two editions (or that I think may be useful).

(1) 2, 4, 6, 9, 15 (13).
(2) 4, 7, 10, 12, 16, 18, 20, 32, 46 (48), 47, 49.
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(3) 1, 4, 11, 17, 22, 23, 28 (26), 38 (Supp Ex. 34) 47 (45), 58 (Supp. Ex 20), 61, 63 (66), 65
(67), 66 (68), 68, 69 (71), 70 (72), 71.

(4) 1, 5, 9, 10, 14, 15, 32, 33, 36 (38), 51 (53), 52, 53, 64 (66), 70 (74).

2.1. Extra questions.

• Let

G =

{[
a a
a a

]∣∣∣∣a ∈ R, a 6= 0

}
.

Show that G is a group under matrix multiplication.
• Define the operation ∗ on the set of integers by a ∗ b = a + b − 1. Show that (Z, ∗) is a

group. Is it cyclic? If so, find all generators.
• Let G = P(N) with operation ∩. Does G have an identity? Is G a group?
• List the cyclic subgroups of U(30).
• Let G be an Abelian group and H = {x ∈ G | |x| = 1 or even.}. Is it always true that
H ≤ G?

• Let G be the set of polynomials with coefficients in Z3 = {0, 1, 2}. If we can make G a
group by doing standard polynomial addition, but by taking all coefficients to be moddulo
3. What is |G|? Compute |g| for all g ∈ G. Is G cyclic?

• Let G = {a+ b
√

2} where a and b are rational numbers not both equal to 0. Prove that G
is a group under multiplication.


