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Mathematical Modelling

Worksheet 2

Some Problems in Navigation

Part (a).

A ship is crossing the Atlantic Ocean at 1400hrs GMT on the 21st March and observes that the sun is due south and at an altitude of 30º.

The 21st of March is the Vernal Equinox, which means there is 12hrs of daylight and 12hrs of darkness. On this day the sun travels the path of the Celestial Equator, which is perpendicular to the Earth’s axis.

Using this information we can calculate the longitude and latitude of the ship.
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Finding the latitude:
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By using trigonometry we can find the angle β and hence the angle α, which will tell us how many degrees north of the equator the ship is.
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Therefore the ship is approximately at latitude of 60ºN.

Finding the longitude. 

Given that the Sun is due south at 1400 GMT this tells us it is 1200hrs (noon) in this time zone.
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To find how many degrees each time zone spans;
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Given the –2hrs time difference this tells us that the ship is at a longitude of 30ºW.

In conclusion the position of the ship is approximately 60ºN, 30ºW.

This result may be in error given the inaccuracy of measuring to the centre of the sun to obtain the angle of elevation. In doing the calculations it has been assumed that the Earth is spherical. 

Part (b).

Given that the height H of the lighthouse is known and the angle θ has been observed, the distance x between ship and lighthouse can be determined.
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However, if the lighthouse isn’t at sea level i.e. on a cliff, this will affect the determination of x.
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, but given the unknown nature of 
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, this could significantly bias the determination of the value of x.

As the value of x increases the angle θ decreases, which leads to error in the result because 
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 > error. Other errors to be included are where to stand on the ship to make observations and also the effect of the tide rising and falling as this will affect the height of the ship relative to the lighthouse. The effect of waves may make it difficult to make accurate observations due to vertical displacement.

Part (c)

Rhumb Line Course: 

An aircraft with unlimited fuel passes over Greenwich (0(W, 52(N) on a compass bearing of 080(. The pilot maintains this compass bearing until the earth has been circumnavigated. Assuming that the earth is a perfect sphere, what will be the aircraft’s latitude when it is next due north of Greenwich? 
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The aircraft starts off at (
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Performing integration on both sides we get
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Substituting into
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In conclusion the aircraft’s latitude when it is next due north of Greenwich is 76.9(.

Mathematical Modelling

Worksheet 3

Part (a).

An observer at height h above sea level observes the vertical sextant angle between the sea horizon and a stellar object (e.g. sun, planet or star) to be υ˚.

This measurement can be corrected to give the angle between a true horizontal and the stellar object. We can show that this correction is approximately proportional to 
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Part (b).

An aircraft flies from Manchester (53.5(N, 2.25(W) to Atlanta (33.8(N, 84.4(W). Assuming the Earth to be a sphere of radius 3963 miles we can find the distance travelled along

(i) A great circle track.


By the Spherical rule.

Radius of the Earth ( r )=3963 miles.  
















Therefore the distance between Manchester and Atlanta by a great circle track is 4082.3 miles.

(ii) A rhumb line track.

First find the angle
[image: image26.wmf]a

 between Manchester and Atlanta.
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Convert angles into radians and then integrate.
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Now consider a right-angled triangle with angle 
[image: image29.wmf]a

, where S is the distance we require between Manchester and Atlanta.
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Therefore the distance between Manchester and Atlanta by a rhumb line track is 4283 miles.

Part (c).

An aeroplane flies on a triangular course at constant, but unknown airspeed S m.p.h. in a wind which is assumed constant in magnitude and direction.

The flight comprises

(i) Flight form A to B at constant speed 
[image: image32.wmf]1

V

 m.p.h.

(ii) Flight from B to C at constant speed 
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(iii) Flight from C to A at constant speed 
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Assuming that 
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 can be measured we can find a graphical construction to determine the airspeed S.

Definition of Ground Speed: An aircraft’s speed relative to the ground; an aircraft’s true airspeed corrected for the effects of a head or tail wind.

Vw = Magnitude of Wind


















The airspeed (S) will be equal to the ground speed – the effect of wind (if in the same direction.

i.e. airspeed = ground speed ( wind effect.

(( Indicates direction).
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The sun rises exactly in the east and sets exactly in the west.
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This now means that θ’>θ given the height of � EMBED Equation.3  ���.  
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