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The IRS Uses Geometric Series?

Michelle Ghrist

While researching tax code relating to a church raffle, I discovered that the Internal Revenue Service
had used an infinite geometric series to determine the quoted tax withholding rate if an organization
chooses to cover the tax on the item being raffled. I subsequently turned this real-world application of
infinite series into a writing assignment for my integral calculus class.

About fifteen years ago, I was the payroll and tax specialist on a small church’s finance team. The pas-
tor decided to hold a raffle to raise money for the church’s building fund. The raftle prize was a donated
ATV with a fair market value (FMV) of about $4000. Speculating that people were hesitant to buy tickets
because of the large tax bill if they won, the pastor decided that the church would pay the tax withhold-
ings for the winner; he announced this before discussing the tax implications with anyone, so I began
researching how much this generous offer was going to cost the church.

I learned that the Internal Revenue Service requires that Forms W-2G and 5754 be filed whenever
gambling winnings exceed a certain amount. Form W-2G is filed by the organization giving the winnings
(termed the “payer”), and the winner (termed the “payee”) must include Form 5754 when filing their
taxes. At that time, the IRS’s Instructions for Forms W-2G and 5354 said under the heading “Noncash
Payments” that winnings below a certain level are subject to a 25% regular gambling withholding tax on
the FMV of the prize (bit.ly/2ZFVGcD).

My initial thought was that the church would need to pay 0.25 X $4000 = $1000 to the IRS. However, I
then wondered if this extra $1000 payment would then be considered part of the prize and therefore also
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subject to 25% withholding, requiring the church to give 0.25
X $1000 = $250 more to the IRS. But then this $250 would
also be part of the prize and subject to withholding, with this
process continuing forever.

I got quite excited about the possibility of an infinite geo-
metric series being necessary to implement IRS tax code.
By my calculations, the amount that church would owe was
a convergent infinite geometric series with first term a;, =
$1000 and common ratio r=0.25:

1-0.25

$4ooo(0.25 +(0.25) +(0.25)” +-- ) = $4000 X

= §($4ooo),

giving an effective tax rate of 33 !/3%.

I then read more of the instructions (bit.ly/2ZFVGcD), which
clarified that if the payer pays the withholding tax for the
payee, “the withholding is 33.33% of the FMV of the noncash
payment minus the amount of the wager”” It was satisfying to
discover the behind-the-scenes math leading to that number.

Thus, the church actually owed 0.3333 X $4000 = $1333.20
for the pastor’s generous offer. While we saved 13 cents due
to the IRS rounding down the effective tax rate, we still owed
$333.20 more than we initially thought.

I recently turned this discovery into one of a series of appli-
cation-focused writing assignments for my integral calculus
course. I provided students with all of the above information
other than the equations, the effective tax rate of 331/3%, and
the term “geometric series” Students were asked to explain
how the 25% withholding rate (if paid by the payee) recon-

ciles with the 33.33% withholding rate (if paid by the payer)
and to tell me how much money the church had to pay to the
IRS; I also expected them to comment on the rounding of the
effective withholding rate.

This exercise proved challenging for many students as they
struggled to apply the appropriate mathematics to this sce-
nario and then to find a clear way to explain their reasoning.
However, many students commented afterwards that they
really appreciated seeing a real-world application of infinite
series, even though this exercise stretched them outside their
comfort zones (which I thought was a positive outcome).

Note: Starting in January 2018, the payee withholding rate
was reduced from 25% to 24% (bit.ly/2WRFy5L). Thus, the pay-
er withholding rate should have changed to

0.24 6
= =—=0.315789.
1-0.24 19

(0.24+(0.25)2 +(0.24)° +)

The IRS’s actual payer withholding rate is currently 31.58%
(bit.ly/2L5khmQ), meaning that the IRS is now rounding up the
effective tax rate rather than down. While these percentages
are a little more complicated for students to work with than
the pre-2018 percentages, this may actually make it easier to
figure out how to reconcile the two different numbers, as I
found that some students got tripped up on how !/, turned
into Y.

In any event, I am glad to know that the IRS can properly
apply infinite geometric series. l
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Call for Program Proposals

The Mathematical Sciences Research Institute invites the
submission of proposals for full- or half-year programs to
be held at MSRI. Planning of such programs is generally
done about three years ahead. Except in extraordinary cases,
a subject is the focus of a program not more than once in
ten years.

A scientific program at MSRI generally consists of up
to nine months of concentrated activity in a specific area
of current research interest in the mathematical sciences.
MSRI usually runs two programs simultaneously, each with
about forty mathematicians in residence at any given time.
The most common program length is four months (typically
in the form of a Fall or Spring semester program). Each pro-
gram begins with a Connections for Women workshop and
an Introductory workshop, the purpose of which is to intro-
duce the subject to the broader mathematical community.

The programs receive administrative and financial support
from the Institute, allowing organizers to focus on the scien-
tific aspects of the activities.

The Scientific Advisory Committee (SAC) of the Institute
meets in January, May and November each year to consider
proposals for programs. The deadlines to submit proposals
of any kind for review by the SAC are March 1, October 1
and December 1.

Please see our website for specific proposal requirements
and further information: www.msri.org/proposal.

MSRI also invites the submission of proposals for Hot
Topics workshops and Summer Graduate Schools.

MSRI has been supported from its origins by the National
Science Foundation, now joined by the National Security
Agency, over 100 Academic Sponsor departments, by a
range of private foundations, and by generous and farsight-
ed individuals.
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