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Abstract 
In the Viking Era of ca. 700-1100 the Old Norse, then illiterate, expanded their sphere of 

exploration, communication and settlement to the East through Russia and to the west to the various coasts 
of the North Atlantic. For the latter they needed, among other things, specialized skills such as 
shipbuilding, navigation and general seamanship. These skills were handed down from one generation to 
another by informal, practical education. Their navigational skills seem to have included methods related to 
mathematical astronomy. In the example treated here, the mathematics involved is adapted to the knowledge 
level of a society without literacy, thus replacing written symbols and formulas by a procedure which has been 
easy to remember and thus suitable for passing through oral channels to new generations. The method could 
be applied to other cases although examples of such application are unknown to the present author. 

Introduction 

We want to take a trip with the time machine, going to the North Atlantic area 
in the Old Norse period, stretching from AD 700-1300 or so, the term Viking Age 
covering the first 4 centuries of this period. Although the society we want to visit 
was illiterate most of the time we know a lot about it from various sources: 

• Late written sources, sagas and other genres, from ca. 1120-1400. 
• Archaeology from land and sea, showing houses, ships and all kinds of 

artefacts with good dating from C14, tephra layers etc, coordinated 
through the annual layers in the Greenland glacier. 

• Macro historical facts and conclusions, giving a large scale picture of 
settlements and exploration, reaching from the North-American east coast 
in the northwest to Svalbard and the White Sea in the northeast, and from 
Sicily, the Black Sea and the Caspian Sea in the south.. 

Before you start your journey with the time machine we want to warn you that 
you had better leave your modern knowledge at home. In the Old Norse society 
people did not know anything about compasses, sextants, clocks, radio or GPS. 
However, they may have known about the spherical shape of the earth, through 
direct as well as indirect observation and through several kinds of voyaging 
practice. Only in the 12th century they started getting an insight into the knowledge 
of the ancient Greeks and the Arabs (For all of this, see for instance Alfræði íslenzk, 
1914-1916). 

So, what is it like when your time capsule lands there? There are no writings 
around except for scarce runes on stone and wood. But you will soon realize that 
the people have a lot of practical skills. Thus, they are farming the land, keeping 
livestock despite rather harsh natural conditions, growing grain in fields, making 
hay for the winter etc. They also go fishing with nets and other means, and they 
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have considerable knowledge of the sea, including waves and winds, tides and so 
on. They travel quite a lot on land and sea, both for exploration and expansion, for 
settlement and trade, and for keeping up the various colonies of their cultural 
sphere all around the ocean. They have developed useful knowledge for navigating 
in an unknown area where you either do not know the landmarks or maybe you do 
not see any, like when you are at the open sea without seeing land (See Íslendinga 
sögur, 1997). 

Travel, expansion and the prerequisites 

By land the Vikings travelled in an organized and well-documented way from 
Scandinavia through the present Baltic countries and Russia all the way to Istanbul 
and the Black and the Caspian Seas. They also founded a powerful colony in 
Normandy and passed on to the Mediterranean, although mainly by the coastal sea 
route. The last representatives of the Vikings, who lived in the Orkney, even 
managed to take part in the first Crusades (Orkneyinga saga, 1980). 

Turning to the sea to the west it will be well known that the Vikings settled in 
Shetland, Orkney, Scotland, Ireland, England and in the Faeroes where they 
arrived a little after year 800 (Arge et al., 2005). When they were that far it was only 
a question of time when they would become aware of Iceland and subsequently go 
there and settle, which they did in year 871, plus or minus 2 years. Some 115 years 
later they settled on the west coast of Greenland, which is more habitable than the 
eastern one. And, around year 1000 they sighted the American continent, explored 
the northern part of its coast and tried to settle with a small community, but had to 
retreat after some years. This is corroborated by archaeological findings of Helge 
and Anne Stine Ingstad in the 1970’s at L’Anse aux Meadows in Newfoundland 
(Ingstad, 2000, and earlier reports). Since this place seems to have been only some 
kind of a station or outpost it seems likely that the Norse have been further south, 
possibly e.g. in the northern part of New England (Bergþórsson, 2000). 

For keeping up colonies around the ocean like this you need not only to 
transport people to the various places in the beginning, but you also need to 
maintain organised and reasonably safe traffic back and forth for trade and 
communication. For this you need ocean-going ships and a capable crew with all 
kinds of knowledge and skill necessary for the task, including navigation 
(Vilhjalmsson, 1997). 

We should, however, be aware that there is a historical dimension within the 
period we are looking at. The first ocean voyages of the Old Norse were both 
unsystematic and fallible. There were many incidents of lethal shipwrecks, of ships 
getting lost for never to be heard of again, and of voyages involuntarily ending in 
an area totally different from the one intended. In the numerous reports we have 
of single voyages it is quite common to see the term “hafvilla”, meaning that the 
crew had totally lost their bearings and the knowledge of position. This is almost 
always concomitant with the crew having had overcast weather for several days or 
even weeks. 
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Later on the pilots would gradually accumulate knowledge of the area and its 
nature, including both dangers and resources. For instance, they would train 
themselves in recognizing the various lands from the seaside. This was important 
in order to prepare successful landing without shipwreck and also to avoid enemy 
areas. In parallel to this development the ships kept steadily improving and 
specializing (Crumlin-Petersen et al., 1992), and the skills of the pilots improved in 
many respects. 

Navigation 

Although the word navigation derives from the Latin word for a ship, we may 
use the term for all kinds of “finding the way”. When navigating on land you will 
normally see some landmarks to help you, especially if you have been at the place 
before or if you have some kind of an itinerary. You can also use a kind of “dead 
reckoning”, i.e. registering for how long you continue in a given direction or along 
a given river etc. Many of the same considerations apply also when you do coastal 
sailing. – However, in open sea navigation, new kinds of problems arise. You then 
have no clear landmarks of terrestrial origin. On top of that, you can not stop, for 
instance during the night, and feel sure you will be at the same place when you 
want to continue. Winds and currents may carry you around in an unknown 
manner without any action on your behalf. 

A good example of the method of dead reckoning in coastal navigation is given 
in the report of Ohthere to king Alfred in the ninth century: 

Ohthere said ... that he lived northernmost of all the Northmen (or 
Norwegians). He said that he lived in the land [that is] northward along the 
Western Sea. He said, however, that the land is very long to the north from 
there. But it is all waste, except that Sámi people camp out in a few places 
here and there—by hunting in winter and fishing in summer along the sea.  

He said that one time he wanted to find out how long the land extended 
to the north, or whether any man lived north of the wasteland. Then he 
travelled northwards along the land. All the way he kept the wasteland on 
his starboard, and the open sea on his port side for three days. Then he was 
as far north as the whale hunters ever travel. Then he travelled north still as 
far as he could sail in the next three days.  

Then the land turned eastward there, or the sea into the land, he did not 
know which, but he knew that he waited there for a wind from the west and 
a little from the north, and then sailed east along the land as far as he could 
sail in four days. Then he had to wait for a wind directly from the north, 
because the land turned southward there, or the sea into the land, he did not 
know which.  

Then he sailed from there due south along the land as much as he could 
sail in five days. Then a great river extended there up into that land. Then 
they turned up into the river, because they dared not sail forward across the 
river because of [fear of] hostilities, because the land was all settled on the 
other side of the river. He had not previously encountered any settled land 
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since he travelled from his own home; but all the way there was waste land 
on his starboard, except for fishers and fowlers and hunters, and that was all 
Sámi; and open sea was always on his port side. The Biarmians had settled 
their land very well: but they dared not enter therein. But the land of the 
Sámi was all waste, except where hunters camped, or fishermen, or fowlers 
(Chevallier, n.d.).1 

This report is from the last year of the ninth century. Still, it shows good 
seamanship and keen observation. It is written in Anglo-Saxon some 2-3 centuries 
before the earliest Old Norse manuscripts we have. A mathematically inclined 
reader may notice that the content can be seen as vector addition! 

When you are navigating on open sea in a large ocean like the North Atlantic 
you may not see land for weeks. The weather will often be overcast and the sea 
may be rough. So, you sure had better keep all your senses and navigational skills 
awake and active in order to avoid shipwreck and get along to your goal as quickly 
and efficiently as possible.  

To begin with, you can use all kinds of pure terrestrial signs to help you, like 
the colour of the sea, behaviour of birds and whales, knowledge of wind direction 
and its possible relation to dry or wet weather, sightings of clouds above 
mountains and so on and so forth. Besides these nonmathematical methods you 
can also use real dead reckoning, sailing for a given time in a given direction which 
you would read off from the extraterrestrial phenomena of the sky. In other words, 
you would be using these phenomena instead of common terrestrial landmarks. 
When you do that you are close to the more modern technique of using vectors in 
a plane, and you may of course even add up some vectors with varying directions 
like in the coastal voyage of Ohthere described above. 

In most parts of the Northern hemisphere the Polar Star is very useful for 
“celestial navigation”. Its altitude above the horizon will tell you your geographical 
latitude and its position along the horizon will give the directions. The former will 
in turn, for instance, enable you to do what is called “latitude sailing” or “parallel 
sailing” and has been common in many seafaring societies of the world. You 
would then keep sailing west or east by observing the altitude of the Polar Star and 
keeping it constant from one night to another. 

But what if the stars are not visible in your area, as they are in the Arctic and 
the Subarctic in high summer? Well, then, the Polar Star is useless but maybe you 
can turn to the sun instead? Sure enough, if you are so lucky as to have bright 
weather. The direction of the sun at its culmination will give you true south. You 
may also try to use the solar altitude at noon to get your latitude. That is, though, 
not quite trivial because the solar noon altitude at a given place varies quite 
strongly through the year. 

                                                      
1Another translation is given in Vilhjalmsson, 1997. In both places you will find the Anglo-Saxon 

original text for your enjoyment! – The reader may find it useful to look at a map of Norway when 
you read this. The voyage starts in Halogaland, a little north of the polar circle. The first two days 
take Ohthere to the North Cap area and the third to the opening of the White Sea. On the fourth day 
they sail to the bottom of that sea, bringing them to the land of the Biarmians. 
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However, if we are sailing in the weeks nearest to summer solstice, the noon 
altitude of the sun is at its maximum and hence varies relatively slowly. Thus, the 
variation within a month around solar solstice is within one degree which is 
probably within your observational uncertainty, anyway, and you need not be 
aware of the variation in this period. If you, for instance, want to do parallel sailing 
from the Norwegian coast to Iceland the navigation will be easy in this part of the 
year. Iceland spans several degrees of latitude and the length of the voyage will be 
of the order of one or two weeks. Thus, you will hit Iceland even if you know 
nothing about the decrease in solar declination (as we call it!). 

But this is unfortunately not so simple if you are sailing for example in early 
May or in late July and early August. Then the weekly variation in solar declination 
(or noon sun altitude) may amount to several degrees which may lead you to miss 
your goal in latitude sailing and to make corresponding errors in determining your 
latitude after an overcast period. But, if you know the amount of variation you can 
compensate for this, and that is where mathematics comes in! 

Mathematical methods in an illiterate society 

We modern people invariably connect mathematics with some kinds of literacy. 
When we hear the term we think of formulas, figures, written algorithms and 
calculations done by using various kinds of symbols. Is it conceivable to do 
mathematics without these instruments of literacy, whether it may concern the 
alphabet or some other symbols? 

The answer is (of course) yes, when we give the question a second thought. Of 
course illiterate people can do various kinds of mathematics without using the 
symbols we are used to. Thus scratches on a tree trunk or a bone can easily be 
used to register numbers and procedures. A memorized procedure can be used 
instead of a symbolic formula and so on and so forth. The seafaring people of the 
later part of the Viking Age knew this and seem to have applied it for several 
purposes. Interesting examples of such knowledge are attributed to Star-Oddi 
Helgason, a twelfth century Icelandic farmer’s hand. First we let a primary source 
introduce him to you as a person: 

He was so skilful in time reckoning that he had no equal in his time in the 
whole country, and he was also wise in many other respects. He was not a 
poet nor poetically inclined. Of his character it is also mentioned in 
particular that people held true that he never lied if he knew the truth, and in 
all respects he was held to be honest and very faithful. He was a man of 
small means and not very energetic or efficient at work (Harðar saga, 1991, p. 
459; English translation in Vilhjálmsson, 1991). 

From the late 12th century we have an Icelandic manuscript called Rímbegla, a 
title which refers to time reckoning. Most of the manuscript refers knowledge 
from the European continent in the early Middle Ages. However, immersed in 
such material we find an insert called Oddi’s tale which may safely be attributed to 
our Oddi. The tale is in three sections, the first reporting on the time of solstices 
through one leap year cycle, which does not seem very original. The third section 
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gives the direction of sunrise and sunset through the year. This of course depends 
on your latitude and the data indeed fit the area in northern Iceland where Oddi 
lived. The second section is our main subject here. It goes like this in translation: 

Solar motion increases in sight by a half solar wheel in the first week after 
the solstices. Second week a whole wheel, third week one and a half, fourth 
week two wheels, fifth week two and a half, sixth week three, seventh three 
and a half, eighth four whole, ninth four and a half, tenth five, eleventh five 
and a half, twelfth six, thirteenth six and a half, fourteenth again six and a 
half. Then in these two weeks solar motion increases most because that is in 
the middle between the solstices ... (Alfræði íslenzk 2, 1914-1916, pp. 50-51). 

After the vernal equinox the weekly solar motion “decreases” in the same way 
as it increased before and after the minimum growth at summer solstice the 
growth will again increase in the same way. Thus the year is divided into four 
periods of equal length with a kind of symmetric behaviour within the periods. 
This will indeed give quite a fair model or approximation to the real solar motion 
as a function of time through the year. 

The angular unit which Star-Oddi is using is that of a half solar wheel. In that 
unit the weekly increase follows the integers: 1, 2, 3, ..., 13 and then back: 13, 12, 
11, ..., 2,1, and so on for the decrease. Clearly this is a good mnemonic device: It is 
easy to remember in a period when people have not yet learned how to write, or 
use symbols. Thus it is a good and practical instrument for the kind of education 
flowing from the informal passing of practical knowledge from one generation to 
another. 

But there is also interesting mathematics involved. When you add the integers 
up to a given n you get 

1 + 2 + 3 + ... + n = ½ (n + 1) n = ½ n2 + ½ n 

This is a second order polynomial with a minimum at n = – ½ where it takes the 
value – 1/8. It can be taken as a fair approximation to any function having a 
minimum in the neighbourhood of (-½, -1/8). The origin (0,0) is in this 
neighbourhood and solar declination has indeed a minimum at that point if you 
take the winter solstice position as the origin of your coordinate system. Thus, 
strangely enough, Oddi’s method turns out to be of general interest, but the 
present author has not yet been able to spot any clear examples of its use 
elsewhere.  

Conclusions 
In the modern mind the term education is strongly connected to organized 

schools and literacy. However, this has not always been so, and even in modern 
society we have many examples of knowledge being handed down from one 
generation to another without the help of schools, letters or other symbols. This 
kind of transmission of knowledge and ideas may apply to general knowledge as 
well as specialized fields of ideas or activities.  
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In this paper we have studied one example of such transmission in a field 
which was of utmost importance to the illiterate society in question. The 
“conquest of the North-Atlantic” (see Marcus, 1980) was a feat which was at the 
verge of the capacity or capability of the societies involved at the time. For the 
success attained all available aids had to be used, among them keen observations of 
nature and elaborate processing of these observations. Thus, we see mathematics 
entering as a practical tool as it has done so many times in human history, both 
before and after the period in focus here. 
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