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Q1 : Equatorial Undercurrent

A submarine intends making a submerged passage at a depth of ~100- 200m from North to South across the equator in the central Pacific. During that period, the vessel will be without surface navigational aids (GPS etc..) and thus dead reckoning will be the main means of navigation (using just depth, speed through the water and azimuth). Explain to the skipper of the vessel, what he needs to know about likely currents in the area and explain why those currents exist.

Q2 : Titanic Site Navigation

Eventually Canada is going to ratify the Law of the Sea, and when she does, she can lay claim to seabed resources within her juridical continental shelf. The Titanic wreck site, whilst beyond the 200 nm limit should lie within Canada’s claim.

The wreck site lies in ~ 4000m off the Tail of the Banks. In that area the surface currents are affected by the Gulf Stream  and the deep waters are affected by the Western Boundary Undercurrent (WBUC). 

It has been proposed that the wreck site could become a national park, and if so there should be a means of allowing tourists (at least stinking rich ones) to visit the site. Such visits would be done in manned submersibles. Such vessels are released from the surface and normally spend ~ 2 hours passively sinking to the seabed, after which they have ~ 6 hours of time to navigate at speeds of 0.5 to 2 knots amongst the debris .

In order to make such a tourist venture economically viable, the submersible must guarantee to be able to arrive at the wreck site within ~ 100m and be able to reliably navigate around the wreck and within the debris field to locate small artifacts (boots, dinner plates, furniture etc..) as small as 50cm in site  even under condition of low visibility (as is common during intensified WBUC activity).

Explain how you would design a navigation system that ensure that the manned submersible could reliable arrive at the site and locate the artifacts.  Explain what equipment you would use and what typical  navigational accuracy you might achieve (define whether in absolute geographic or relative coordinate frames).

Q3 : Reducing a Sounding

You are doing a survey of a harbour.  The harbour is on  an exposed coast with significant open-ocean swell influence. You have two clients:

1.  the harbour-master who is tasked with navigating deep draught vessels into the port and

2. a civil engineer tasked with extending a pre-existing breakwater out in the harbour (to reduce ocean swell influence).

You make a single beam sounding somewhere in the  harbour or in the approaches. You  record a bottom detection (say ~ 20ms) and you need to represent that information to both of your clients.

Explain how you would take that two way travel time, and reduce it in a manner that provide a meaningful measurement to both clients. You are free to choose whatever other ancillary sensor information you need to help you conduct the survey (e.g.: positioning system, control, etc.).

Q4 :  Compromises in Sonar System Design

In 1996, the Royal Australian Navy released a preliminary specification for a new hydrographic survey system for their upcoming new survey vessels. The initial specification called for using narrow beam sonars  (2 degree beam width or better) to map the seabed to IHO accuracy (~1% of total depth) from depths of 10m to 10,000m. 

Initially it was assumed that this requirement had to be met using a single sonar.  Explain why such a demand would have been unreasonable. Explain what compromises have to be made to cover such a range of depths. Describe a more reasonable approach (in terms of sonar hardware) to meet that broad depth range specification.

