Decoding
the Sunstone

How 36,000 digital simulations proved the
viability of Viking polarimetric navigation.

Latitude 60°21'S5" N
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a blind ocean

Without the sun or stars visible,
maintaining a strict westerly
heading over thousands of miles
required a technology that could
see through the clouds. 3
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Finding the hidden sun through atmospheric polarization

Historical hypotheses suggest navigators used naturally occurring linearly polarizing
crystals to detect the sun’s position even under fully overcast skies.
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Building a digital time machine to test an ancient legend

To determine if polarimetric navigation was truly viable, researchers simulated
thousands of specific, parameterized voyages across the North Atlantic.
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Dates Tested: Cloud Cover:

Spring Equinox \ / Randomized
(March 21) & Summer 3 6 o o 0 atmospheric shifts
Solstice (June 21). from O to 8 oktas.
ﬁ) / Simulated Voyages \ @
A\ /4

Crystals; 1,000 Intervals: Navigation
voyages simulated checks ranging from
for each of the every 1 hour to

3 stones. every 6 hours.
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The Simulation Engine

Step 1: Dawn

Calculate solar

elevation > 0° Success:

Destination

Step 4: Sail

Ship moves at a
constant 11 km/h

Step 5: Wait Interval Step 2: Cloud Shift
: 2 Randomize cloudiness
Tlrg:rggﬁ:sifydvt;?isa%?eon Loop repeat.s un.tll based on a Gaussian
dusk or destination distribution
is reached.

Reached

Failure:
Off Course or
Ocean Bound

Step 3: Sunstone Check

Calculate geographical
north deviation based on
crystal optical error




Defining the finish line at 1,000 meters

A simulated voyage was only categorized as successful if the ship crossed within
1,000 meters of the coastline—the optical limit required to visually spot
Greenland’s mountains from the ship’s mast.
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The stones work, but frequency is the key to survival

The simulations confirm polarimetric navigation is highly viable. However, the survival of
the crew depended entirely on the time interval between navigation checks.

92.2% -100%

Success rate when checking
direction every 1 to 3 hours.

<4%

Success rate when checking direction
every 5 hours during the summer.
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Navigation Success (%)
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The catastrophic cliff of infrequency
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Navigation Periodicity (hours)

-@— Calcite Spring Equinox

-~ Calcite Summer Solstice
—4&— Cordierite Spring Equinox
-¥- Cordierite Summer Solstice
-§- Tourmaline Spring Equinox
=»&= Tourmaline Summer Solstice
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A matter of hours separates Greenland from the open ocean

Checking the sunstone every hour guarantees a straight, safe path. Waiting

six hours between checks results in fatal geographical drift.
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The Crystal Matrix: Comparing optical precision

While Cordierite offered a slight optical advantage during longer intervals, the simulation
proved that the type of crystal mattered far less than the discipline of the navigator using it.

High Frequency Medium Frequency Low Frequency
(1-3h) (4h) (6h)
Calcite Optimal Moderate Most Erroneous
Cordierite Optimal Most Precise High Error
Tourmaline Optimal Low Precision High Error
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The Spring Equinox anomaly

Why did the identical five-hour routine guarantee survival in March, but
guarantee death in June? The answer lies in the length of the sun’s path.

Spring Equinox Summer Solstice
/'\
\ l / 12-hour /// \\ 17-hour
~ ‘/ daylight period I daylight period

~100% success rate Under 4% success rate
even with 5-hour navigation gaps. with identical 5S-hour gaps.
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The hidden power of a symmetrical schedule

The optical errors of the crystals are naturally biased: morning checks pull the ship North, afternoon checks pull it South.
If a navigator checks the stone an equal number of times before and after solar noon, the errors perfectly cancel out.

+° error (Drifting North)
in the Morning

60°21'55" N Latitude

-° error (Drifting South)
in the Afternoon
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Survival required discipline,
not just magic

The Spring Equinox succeeded because
its 12-hour day naturally forced a
symmetrical routine around noon.

The ultimate revelation of the 36,000
simulations is that Viking navigation
wasn'’t solely reliant on flawless skies or
perfect crystals.

It relied on a relentless, mathematically
symmetrical human rhythm.
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FANDS-LLC is a proactive economic intelligence firm
specializing in strategic analysis and technological solutions for critical

sectors.
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