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F 









or 



300 years from 

the 



beginning 

of the 



ninth century 



AD, 









Vikings were 



the 

dominant seafarers 



in the 

north Atlantic. 









Figure 



1 shows 

their major routes, which included 



sailings 









to the 



Labrador coast 

of 



Canada and 

to 



Newfoundland. Although 









they were masters 



of the 

north Atlantic, they had none 



of the 









essential instruments 



of 

navigation 



— a 

magnetic compass, 









clock 



or 

sextant 



— 

that were used 



for 

centuries after 



the 

Viking 









age. 



So 

how 



did 

they 



do it? 

Details 



of 

their navigational skills 









have long been lost, 



but 

recent 



research 

shows how they may 









have found their way over thousands 



of 

miles 



of 

ocean. 



It is an 









interesting story, with some clever physics. 









Reading 



the sea 









Viking longships were eminently seaworthy. 



In 

2008 



a 

replica 









Viking warship 



— 



Sea Stallion 



— set off on a 

voyage from 









Kirkwall Bay, Orkney. 



To 

comply with modern safety standards 









it 



had 

a 



support ship, GPS, radar, radio, 

life 



jackets, survival gear 









and satellite weather forecasts. The Vikings had none 



of 

these, 









and sailing 



an 

open boat 



in 

winter 



in the 

north Atlantic could 









have been suicidal. 



They 

wisely had 



a 

sailing season that lasted 









from May 



to 

September 



to 

maximise their chances 



of 

good 









weather. Even 



so, a 

voyage from Norway 



to 

Greenland would 









take most 



of the 

season, 



so it 

was usual 



to 

undertake just one 









such journey 



in a 

year. The return voyage had 



to wait 

until 



the 









following season. 









The Vikings made their way, 



in 

part, 



by 

‘reading 



the 

sea’. 



It 









is 



not 

the 



featureless watery expanse that appears 

at 



first sight. 









Viking navigation 








Peter Main 









The Vikings’ centuries-long mastery 



of 

the north Atlantic 



is 

legendary. 









They sailed as far west as Canada, yet they had no magnetic 









compasses, clocks or sextants. How did they do 



it at a 

time when 









most other seafarers rarely ventured out 



of 

sight 



of 

land? 









The terms in bold link to topics in the AQA, Edexcel, OCR, WJEC and 









CCEA A-level specifications, as well as the IB, Pre-U and SQA exam 









specifications. 









The Vikings navigated using a Sun compass. On cloudy days, they 









used a crystal that analysed the 



polarised light 

coming from the sky 









by a phenomenon known as double 



refraction. 









Exam links 









The Viking longship 









replica 



Sea Stallion; 

this 









warship design could 









carry 60 warriors 









Get practice-for-exam questions based 



on this 

article 



at 









www.hoddereducation.co.uk/physicsreviewextras 
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www.hoddereducation.co.uk/physicsreview 









Clouds 



on the 

horizon could 



be the 

result 



of air 

rising above 









land. Observation 



of sea 

bird species could indicate distance 









from land, and their flight patterns 



the 

direction that land was 









in, 



whilst 

the 



presence 

or 



absence 

of 



whales would give further 









clues about their position. They would have used many more 









indicators than this. 









The Sun compass 








Sailing 



at 

high latitudes during 



the 

summer gave lots 



of 

daylight 









and very short nights. Navigation 



by the 

stars was therefore 









limited, although 



on a 

clear night they could check their latitude 









and 



the 

direction 



of 

north 



by 

observing 



the 

pole star (Polaris). 









During 



the 

long days 



the 

Vikings used 



a 

‘Sun compass’. Part 



of 









one 



of 

these instruments was found 



by 

archaeologists 



in a 

Viking 









settlement 



in 

Greenland (Figure 2a), and 



its use 

has gradually 









been deduced over several years. 



A 

replica and drawing 



of the 









complete compass 



are 

shown 



in 

Figures 



2b 

and 



2c. 









It is 



used like 

a 



sundial, with 

the 



disc horizontal, 

so the 



Sun 









casts 



a 

shadow 



of the 

gnomon onto 



it. 

Marked 



on the 

disc 



is the 









path 



of the 

shadow 



as the 

Sun moves from sunrise 



to 

sunset. 









The path depends upon 



the 

latitude, 



so the 

simplest 



use of the 









compass would 



be for a 

voyage 



at 

constant latitude, such 



as 









from Hernam (modern-day Bergen) 



to 

Greenland (red route 



in 









Figure 



1). 

The shortest shadow will occur 



at 

noon when 



it 

points 









due north. 



At 

other times, 



the 

compass 



is 

rotated until 



the tip 









of the 



shadow lies exactly 

on the 



line, with 

the 



disc horizontal, 









Figure 1 



Viking sea routes in the north Atlantic 









ICELAND 









GREENLAND 









SCANDINAVIA 









NORTH 









AMERICA 









Nyaland 









(Newfoundland) 









Hvarf 









Utbygder 









Sneerfjeldsness 









Reykjaness 









Krisevigs 









Klippefjel 









Jolduhlaub 









Hernam 









Oulu 









Jan Mayen 









Horn (eastern) 









Langeness 









latitude 61° N 









Kolbsinsey 









Stad 









Svalbard 









Gunbjorns Skerry 









or Blåserk 









Figure 2 (a) 



A fragment of 



a 



Sun compass found in 



a 



Viking settlement in Greenland. 

(b) 



A wooden replica of the Viking Sun compass. 









(c) 



A drawing showing the markings on the Sun compass 









(a) 









(b) 









(c) 
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as 



shown 

in 



Figure 

2c. 



The direction 

of the 



shortest shadow can 









then 



be 

read from 



the 

disc (the dashed line 



in 

Figure 2c), thus 









indicating due north. 









The 



use of the 

compass becomes more complicated 



for a 









voyage 



in 

which 



the 

latitude changes. 



However, the 

Vikings 









had methods 



of 

coping with this 



— the 

markings 



on the 

real 









compass 



in 

Figure 



2a are for 

this purpose. The compass has been 









used 



by 

modern-day sailors 



to 

test 



its 

accuracy, and been found 









to be 



perfectly adequate. 









Polarisation 



of 

skylight 









The Sun compass obviously needs 



the 

Sun, 



so 

what happens 



on 









a 



cloudy day? This 

is 



where 

the 



clever physics comes 

in, 



but first 









we 



need 

to 



examine 

the 



light that reaches 

us 



from 

the 



sky. The 









sky 



appears blue 

because 



light from 

the 



Sun 

is scattered by air 









molecules. The amount 



by 

which 



the 

light 



is 

scattered depends 









upon 



its 

wavelength, with short wavelengths scattered more 









strongly than long ones. This means 



that we see 

blue scattered 









light, which has 



a 

short wavelength, more than other colours. 









It 



also explains why 

the 



Sun appears 

red at 



sunset. The light 









reaching 



us directly 

from 



the 

Sun has gone through 



a 

thick layer 









of 



atmosphere, 

so 



much 

of the 



blue end 

of the 



spectrum has 









been scattered out 



to leave a 

red-looking Sun. 









The action 



of 

scattering partially polarises 



the 

light, and 









the 



direction 

of 



polarisation 

is 



tangential 

to a 



circle centred 

on 









the 



Sun (Figure 

3). 



(For more 

on 



polarisation, 

see 



At a 



glance 









on pp. 



16–17 and 



Exam talkback 



on pp. 



18–20.) The amount 

of 









polarisation increases with increasing angle from 



the 

Sun until 



a 









maximum 



is 

reached 



at 

90°. After that 



the 

polarisation decreases 









to a 



minimum 

at 



180°. You can confirm this 

by 



looking 

at the 









sky through polarising sunglasses. (Safety warning: 



do 

not 









look directly 



at the 

Sun.) Look 



at a 

patch 



of sky 

through one 









lens 



of 

your glasses 



at 

about 90° 



to the 

Sun. 



If 

you rotate 



the 









lens, you should find 



an 

angle that makes 



the sky 

look darker 









when 



the 

lens blocks 



out the 

polarised light. Many insects 



are 









able 



to 

detect 



the 

polarisation 



of 

skylight, which they 



use for 









navigation, and 



the 

Vikings found 



it 

useful also. 









The 



Sunstone 









How 



did the 

Vikings locate 



the 

Sun 



on a 

cloudy day? Even 



if the 









sky is 



cloudy 

the 



pattern 

of 



polarisation remains 

the 



same 

as 









with 



a 

clear sky, though 



the 

amount 



of 

polarisation 



is reduced. 









Since 



the 

Sun 



is at the 

centre 



of the 

pattern, detecting 



the 

pattern 









will locate 



the 

Sun. This can 



be 

done using 



a 

mineral found 



in 









Iceland called Iceland spar, also known 



as 

calcite; crystals 



of 

this 









mineral have quite remarkable optical properties. The Vikings 









called 



it the 



Sunstone. 









Figure 



4 

shows 



the 

paths 



a ray of 

light takes when 



it 

passes 









through 



a 

crystal 



of 

Iceland spar. 



On 

entering 



the 

crystal, 



the 









ray 



splits into two and emerges 

as 



two rays, known 

as the 









ordinary 



ray 

and 



the 

extraordinary ray. The ordinary 



ray 

obeys 









Snell’s law 



of 

refraction (see Crossword notes, 



pp. 

29–32), 



but 









the 



extraordinary 

ray 



does not. This 

is 



called 



double refraction 

or, 
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