Pi By Hand 2026-03-14

On the 14th of March 2026, we celebrated Pi Day in Rata building of the University of Canterbury (Rata room 222).
This day was chosen because 3.14 are the first 3 digits of Archimedes’ pi. This is an event where we attempt to
calculate as many decimal digits of Archimedes’ pi as possible using only pencil and paper.

Similar to previous events (2025-03-15 and 2024-09-29), this was held at the University of Canterbury’s campus. The
event was pitched at adult volunteers who want to contribute to a common mathematical goal. We also enjoyed
a collection of pie-related baked goods which were districbuted for all to eat. We intended to supply all the pies
ourselves, but many of the volunteers chose to bring their own contributions and so the majority of the edible pie was
supplied by the volunteers themselves. The mastermind of this event was Ross Atkins, who designed the method of
distributing the pi calculation in such a way that many people can be calculating simultaneously. The method is also
never-ending, in the sense that it can be continued at future events (without the need to start again) and the digits
of m will continue to be produced.

Overall the event was a monumental success with 19 volunteers contributing to a total of 70 digits of w. All attendees

seemed to have a good time, and generally showed enthusiasum to attend future pi-calculation events. The next event

is planned to occur close to 22/7 this year because % is a good approximation of 7.

Figure 1: The final calculated digits

History

The number we call 7 is attributed to Greek mathematician Archimedes of Syracuse, who lived around 250BC. Using
inscribed and circumscribed polygons he was able to obtain the following bounds.

223 _ 22
71 757

This gives the first three digits of m ~ 3.14. The total number of calculated digits of 7 remained less than 10 for more
than a millenium. The next large progress was achieved by Machin in 1706 when he developed his famous formula
and used it to calculate 100 digits. The current world record for computing 7 by hand is held by William Shanks, an
English amateur mathematician. He calculated 707 digits of 7 in the year 1873. He was correct up to the first 527
places.! Nevertheless, Shanks’ approximation was the longest expansion of 7 until the advent of the digital electronic
computer in the 1940s. And he still holds the record for the most number of digits of 7 calculated by hand ever.

With enough volunteers and time, our distributed calculation of 7 has the potential to overtake Shanks’ record. With
enough volunteers and future events, the calculation that we all participated in could continue to calculate digits of 7
forever. At previous events here are the number of digits calculated using our method:

Event Number | Date | Digit’s Calculated

1 2024-08-17 10
2 2024-09-29 30
3 2025-03-15 602
4 2026-03-14 70

IThe error was discovered in 1944 by D. F. Ferguson (using a mechanical desk calculator).
2An error was detected between event 3 and 4 meaning that during event 4 we had to recompute a calculation and all dependent
calculations. Effectively this meant that digits 41-to60 had to be recalculated during event 4.



Event Details

On Saturday March 14th, the administrators and overseers arrived sporatically between 10am and noon. This time
was needed to rearrange the tables in the room and place signage to direct atttendees to the event. It was also enough
time for the overseers to open up their boxes, and get their folders and clipboards organised.

The majority of the volunteers arrived at noon. To begin with, the inbox for the workers was quite full, while the mod-
checking squad (mod squad) and overseer inboxes were empty. There was approximately 6 workers, 6 mod-squaders,
and 6 overseers. However the overseers would occationally swap jobs temporarilly in order to make sure there was no
big bottlenecks. Inducting the volunteers went smoothly, and the calcutation was underway quickly.

Figure 2: Workers listen to Ross’ talk while the Mod Squad and Overseers catch up

At 2pm we paused the calculation for a short talk from Ross Atkins, where he explained how the calculation works.
From 2:30 - 4:30 we resumed the calculation. Then at 4:30pm 7 special sheets of calculation were produced, the final
result of each would be the first 70 digits of pi (in groups of ten digits). These sheets were performed by the volunteers
in pairs (each checking the other’s work) to conclude the event.



The Room Setup

The room was divided into three sections for the 3 types of volunteers: “Workers”, “Mod Squad” and “Overseers”.
The overseers create worksheets and give them to the workers. The workers perform the actual long-division (or
sometimes long-addition) then give the completed worksheet to the mod-squad. The mod-squad perform a modulo-
arithmetic check on the worksheet, to check for errors. Worksheets that pass the mod check are stamped with “PASS”,
and worksheets that fail the mod check are stamped with “FAIL”. The worksheets that pass are given back to the
overseers to be added to the Overseer’s folder of completed calculations. The worksheets that fail are recreated and
put back into the “worker inbox” to be performed again from scratch.

In the center of the room was three long tables, as shown in the diagram. Each table separated the three groups of
people: The “Workers”, the “Mod Squad” and the “Overseers”. On each of these tables were labelled trays (with
labels like “Mod Squad Inbox”, etc) so that each volunteer could easily put completed worksheets in the appropriate
tray and also collect the next worksheet to do. The diagram below depicts the room layout — the three long tables are
drawn in gray and the red arrows show how the worksheets travel around the room.
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The worker’s corner of the room also had a folder called the “Library”. The Library contained a list of times tables for
each odd integer for the yellow divisions. workers would be able to take a list of multiples of their respective divisors
for assistence with their long divisions. When a long division is completed the list of multiples gets returned to the
Library for other workers to use later.

Figure 3: The 3 tables in the center of the room



The Method

John Machin was a professor of astronomy at Gresham College london. In 1706, he develpoed the following formula.

pi_4 ¢ 1 ¢ 1
1= arctan E arctan 539

This combined with the Taylor series for arctan is what we are primarily using for our calculation.
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Each term in this equation is referred to by a colour (red, blue, yellow or green) and an odd number (1,3,5,7,...).
For any odd number N, define: RedN, YellowN, GreenN and BlueV in the following ways.
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So we start with Redl = % = 0.2000000. .. then calculate larger Reds from smaller Reds. For example: Red39 =
Red37 =+ 25. This part of the calculation is quite efficient in base ten because (+25) is the same as (x4) and then shift

the digits.
N
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Therefore we can calculate Yellow N from RedN in a single division. For example: Yellow73 = Red73 + 73. Most
worksheets in our calculation will be Yellow worksheets.
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So we can start with Greenl = 535 = 0.004184100418410. .. (this repeats every seven digits). Larger Greens are then

calculated from smaller Greens. For example: Green39 = Green37 + 57121 (because 2392 = 57121). This part of the
calcuation is the most error prone, because 57121 is such a large number. However, much fewer of these calculations
are required because the Taylor series converges faster.?
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The number BluelV is calculated from GreenN in a single division. For example: Bluel3 = Greenl3 = 13.
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Figure 4: A completed worksheet (Yellow63G)

Each of these numbers (e.g. “Green3”) is an infinite sequence of digits. This infinite string is split up into chunks of
ten digits, and each chunk is assigned a letter. The first ten digits are assigned “A”, the next ten digits are assigned
“B”, and so on. For example Green3 = 0.0000000732497753612514108822356769 . . . so

Green3A = ‘0000000732" and Green3B = ‘4977536125 and Green3C = ‘1410882235’

and so on. This allows for many calculations to occur simultaneously. The calculation of Green17C can begin as soon
as both Greenl15C and Greenl7B are completed. The worksheets for other colours are named similarly, so each unit
of work is given a colour, a number and a letter.

3The Taylor series converges faster because 57121 is such a large number.



Dependencies

In general the worksheets require some previous worksheets to be completed before they can be started. For example:

e Red23E requires Red23D and Red21E.

Yellow35K requires Yellow35J and Red35K.

Orange36D requires each of: Yellow25D, Yellow27D, Yellow29D, Yellow31D, Yellow33D, Yellow35D.

Pink108G is then the sum of all OrangesNG’s where N < 108.

Below is the dependency diagram for the Red and Yellow cacluations. The arrows show which worksheets are required
to be completed before begining other worksheets.
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The Yellows are then combined to form Oranges and then the Pinks are the sum of all the Oranges put together.
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