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Pole, 



the 



rotation North Pole and 



the 



magnetic North Pole. This 









article explains how they 



are 



defined, and goes 



on to 



discuss 



the 









Earth’s magnetic field 



in 



more detail. 









The 



geographic North 



Pole 









This North Pole lies 



in 



the geographical centre 



of 



the 









northern hemisphere (Figure 



1). Its 



exact position, 



as 



referred 









to by 



geographers, 



is 



where 



all 



lines 



of 



longitude converge 









at 



latitude 90° north. The geographic North Pole 



is 



often 









called 



true north 



or 



grid north 



because 



we 



use 



it as a 



reference 









point 



for the 



other poles, and our mapping 



is 



based upon 









its position. 









Latitude 



is the 



angle 



at the 



centre 



of the 



Earth 



measured 









between 



the 



Equator 



at 0° 



and 



a 



position (such 



as the 



North 









Pole) 



on its 



surface. 









T 









he 



North Pole lies 



in a 



landscape 



of 



shifting 



sea ice, 



where 









summer and winter each last 



6 



months and where 



the 









temperature falls 



to 



–40°C. But where exactly 



is it? 



The 









answer 



to 



that question depends upon which North Pole you 









have 



in 



mind. There 



are at 



least three: 



the 



geographic North 









Where 



is the 



North 



Pole? 



The answer depends 



on 



whether you 









consider 



the 



Earth’s rotation 



or its 



magnetic field 



— 



and both 









these locations can differ from geographical grid north 









Where 



is the 









North Pole? 









Susan Street 









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 North Poles defined by Earth’s 



rotation 



and by its 



magnetism 









both move around. This article discusses how Earth’s 



moment of 









inertia 



affects its rotation, and how its 



magnetic field 



varies in 









position and over time. 
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A 



line through 



the 



centre 



of the 



Earth joining 



the geographic 









North and South Poles 



is 



close 



to the 



Earth’s rotation axis, 



but 









does not coincide with 



it 



exactly. 









The first undisputed claim 



to 



reaching 



the 



true North 



Pole 









across 



the 



Earth’s surface was 



by 



Ralph Plaisted 



in 



1968, using 



a 









snowmobile. After taking regular sextant readings, 



his 



position 









was verified 



by a US 



weather aircraft overhead. 









The 



rotation North 



Pole 









The Earth rotates with 



a 



period 



of 24 



hours, from west 



to 



east 









(anticlockwise 



if 



viewed from above 



the 



North Pole), and 



it 









wobbles slightly 



in its 



rotation. The rotation axis shifts around 









slightly, 



so 



there would 



be no 



point trying 



to 



define ‘grid north’ 









to be 



exactly 



at the 



rotation North Pole. 









Seth Chandler (1846–1913) was 



an 



American geophysicist 









who analysed data from latitude-monitoring stations. His 









conclusions were 



as 



follows: 









■ 



Latitudes show 



a 



wobble that repeats itself every 428 



± 17 









days. 









■ 



They include 



a 



seasonal 365-day component. 









■ 



They experience 



a 



tiny drift due 



to 



continental movements. 









The two main effects 



act 



like interfering waves 



— 



they cancel 









and add, producing 



a 



wobble 



in the 



position 



of the 



rotational 









North Pole. This means that 



the 



Earth, with 



its 



gridlines 



of 









latitude and longitude, shifts around slightly relative 



to the 









orbiting GPS satellites that 



are 



used 



for 



navigation. The wobble 









is 



only small 



— at 



most, 



the 



rotational 



North 



Pole 



is 



about 









12 m 



from 



the 



grid north 



— but 



enough 



to 



make 



a 



difference 



to 









GPS navigation designed 



to 



pinpoint positions 



to 



within 



a 



few 









metres. The International Earth Rotation and Reference Systems 









Service (IERS) and 



the 



Global Positioning System (GPS) provide 









the 



position grid 



at 



any instant 



in 



time that 



is 



used 



for 



land- 









based navigation and 



in 



astronomy. 











The Earth’s mass 



of 6 × 1024



kg is 



distributed unevenly. The 









equatorial radius 



is 



greater than 



the 



polar radius, and Earth 









has 



a 



dense inner core, 



a 



fluid mantle, 



a 



crust 



of 



continental 









plates, oceans and atmosphere. Material moves around 



as a 









result 



of a 



variety 



of 



processes, including tectonic activity driven 









by 



convection deep under Earth’s surface, and tides driven 



by 









gravitational effects 



of the 



Moon and Sun. There 



are 



earthquakes 









and volcanoes, ocean currents, tides and winds, and 



the 



freezing 









and melting 



of 



water 



at the 



poles. 









Changes 



in 



distribution 



of 



material affect Earth’s rotation 









period and 



its 



rotation axis (Box 



1). 



You can model 



the 



first 



of 









these effects 



by 



sitting 



in an 



office swivel chair and spinning 









round slowly with your arms and legs stretched 



out — 



draw your 







Figure 1 



The Arctic Circle, showing lines of latitude and longitude and the geographic North Pole 









geographic North Pole 









60°N line 









of latitude 









Arctic Circle 









0° line of longitude 









(Greenwich meridian) 









Box 



1 



Rotational motion 









The distribution of an object’s mass about its rotation axis is 









quantified as its 



moment of inertia, 



I. 



A point mass 



m 



at 



a 



distance 



r 









from the axis has: 









I 



= 



mr2








(1.1) 









The moment of inertia of an extended object is found by summing 









up all the 



mr2



contributions over the entire object. For 



a 



uniform solid 









sphere the amount of inertia about an axis through its centre is: 









I 



= 









2mr 









2 









5 









(1.2) 









In rotational motion, moment of inertia is equivalent to mass in 









linear motion, and 



angular momentum, L, 



is defined as: 









L 



= 



Iω 








(1.3) 









where 



ω 



is the rotating object’s angular velocity. Like linear 









momentum, angular momentum is conserved. If no external forces 









act to alter the rotation, angular momentum remains constant. So, 









if matter is internally redistributed so as to change the moment of 









inertia, the angular velocity changes to compensate. 
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limbs closer 



to 



your body 



and 



you spin faster. 



To get an 



idea 



of 









the 



second, attach 



a 



piece 



of Blu 



Tak 



to 



one side 



of a 



top, spin 



the 









top 



and 



see its 



rotation axis wobble around. 









The 



magnetic North 



Pole 









For at 



least 2000 years 



the 



magnetic North Pole has been used 









for 



navigation, though 



its 



position was not precisely known 









until 1831, when James Clark Ross first located 



its 



position 



on 









a 



Canadian island. However, 



37 



years later 



it 



had moved 



50 km 









north and 



is 



now heading 



off 



towards Siberia 



at 60 km y 









–1 









. 









This movement 



is but a 



glimpse 



of the 



erratic magnetic polar 









wandering that has occurred throughout geological 



time. 









About 90% 



of the 



Earth’s magnetic field 



is 



similar 



to 



that 



of 









a bar 



magnet 



— a 



dipole field (the word means ‘two poles’), 



as 









shown 



in 



Figure 



2. A 



magnetised compass needle that can swing 









in a 



horizontal plane aligns north–south (provided there 



are 









no 



other magnetic materials nearby). 



If it is 



free 



to 



swing 



in a 









vertical plane 



it 



also dips 



as it 



aligns with 



the 



Earth’s magnetic 









field. The angle that 



it 



makes with 



the 



horizontal 



is 



called 



the 









angle 



of 



dip 



or 



angle 



of 



inclination, 



I 



(Box 



2). 



When 



the 



north- 









seeking end 



of the 



compass needle points downwards, 



the 



angle 









of dip is 



defined 



to be 



positive. 



At the 



magnetic equator this 









angle 



is 



zero. 



In 



York, home 



of 



PHYSICS REVIEW, 



it is 



+68.4°, and 



at 









the 



magnetic North Pole 



it is 



+90°. 









Declination 









The Earth’s magnetic dipole 



is 



currently tilted 



at 



about 11.5° 
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