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Group Operation Tables and Normalizers
Colonel Johnson, Jr., Southern University, Baton Rouge, LA 70813

In a study of certain concepts in linear algebra, a common practice is to select a
vector space basis that best showcases a concept. Operation tables can play a
similar role in finite group theory. A group G of order n has (n!)* different
operation tables because there are 7! ways to list the column headings and 7! ways
to list the row headings. For a subgroup H of G, it is possible to pick an operation
table for G showing properties of the normalizer, N (H), the largest subgroup of G
having H as a normal subgroup. This we do in this note.

Suppose G is a group of order n, H is a subgroup of order &, the distinct right
cosets are Ha,, ..., Hag, and the distinct left cosets are a;'H,...,a; " H. For our
purpose, we choose an operation table for G having column headings chosen first
from Ha, and then from Ha, and so on until the last & elements are chosen from
Ha,. Similarly, the row headings are chosen first from a; 'H and last from a;'H.
Note that, for any a € G, (a”'H)X Ha) = a~'Ha. Thus, the entries in the operation
table (Figure 1) in each “diagonal block” corresponding to the products of elements
of a;'H times elements of Ha, are all the elements of the conjugate subgroup
a; 'Ha,.

Ha, Ha, Ha,
a;'H a;'Ha, * *
a,'H * a;'Ha, - *
a;'H * * -+ a;'Ha,
Figure 1

The following observations can be made:

1. Every conjugate subgroup of H is exhibited as the collection of elements in
some diagonal block. For if a€ G then a€ Ha,, for some i=1,...,s, and
then a™'Ha=(a 'H) Ha) = (a; ' HX Ha,).
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2. The normalizer, N (H), is the union of all the right cosets Ha, such that the
table reveals a; ' Ha, = H (the entries in the ith diagonal block are exactly the
elements of H).

3. Let m be the number of diagonal blocks consisting of the elements of H, then
mk is the order of N (H), m is the index of H in N (H), and s— m is the
index of N.(H) in G.

Getting Normal Probability Approximations

without Using Normal Tables

Peter Thompson (thompsop@wabash.edu), Wabash College, Crawfordsville, IN
47933 and Lorrie Lendvoy, North Dakota Health Care Review, Inc., Minot, ND 58701

Introduction

Using the normal distribution to approximate probabilities involving sums of dis-
crete random variables is standard fare for beginning calculus-based statistics
courses. These approximations are typically made with the aid of a normal probabil-
ity table. In this paper, we discuss an alternative approach using the probability
density function (pdf) for the normal distribution.

Exposing students to the alternative approach is well worth the minimal class
time it requires. The technique is not only easier to apply in certain approximation
situations than the standard method, but also gives students a different slant on
random variables, probabilities, and areas.

The Normal PDF Approximation

Suppose that we have a sum of 7 independent discrete random variables, denoted
by S, and that S takes consecutive integer values. Let u = E(S) and o ? = Var(5).
Appealing to the Central Limit Theorem we can argue that for a sufficiently large
value of n, § has an approximately normal distribution. Using the standard
continuity correction, we get

P(S=s) =P(s—0.5<normal(u,o?)<s+0.5).

Viewing this approximating probability as an integral, we calculate a midpoint
approximation using a single subinterval and get

P(S=s) = e w207,

2mo

We call this the normal pdf approximation.

It should be noted that this approximation is far from new. Similar approxima-
tions preceded not only the Central Limit Theorem, but also the normal distribution
itself. De Moivre derived an approximation of this type for binomial probabilities
directly, using a limit argument. His derivation is credited by some to be the origin
of the normal distribution (see Stigler [2]).

The normal pdf and the normal table both give essentially the same approxima-
tion. The benefits of using the normal pdf instead of the table are that it is faster and
only a calculator is needed (no table). It can often even claim an accuracy
advantage in calculating normal probabilities, especially if interpolation is not used
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