GGE 3353 Imaging and Mapping II:  Acoustic Seabed Imaging

Midterm Exam, Monday 1st November 2004

John E. Hughes Clarke & Jonathan Beaudoin

You’ve only got 50minutes! 12.5 minutes a question (identical marks).

Brief and to the point  please!
Q1
Knudsen Relations (10 marks)

Explain the principle of conversation of volume and salt as applied to a semi-enclosed basin.  What can you estimate if you measure the salinity differences between inflow and outflow from such a basin?  What more do you need to be able to estimate the flushing time of the basin?

Q2
Tides (10 marks)

(please draw pictures to help explain…)

During installation of a tide gauge, it is important to install the sensor below the lowest water level such that it won’t “dry” if a particularly low tide occurs.  If you wanted to install a tide gauge at the lowest water level in a month, what time(s) of day (local time) are you most likely to find that special tide and why?  Remember, we’re interested in the lowest extreme value of the tide (which occurs during spring tides), not the lowest amplitude (which occurs during neap tides).

Q3
Range Resolution (10 marks)

When discussing the achievable range resolution of sonar systems, it is often said “it’s all about bandwidth” since good range resolution results from high bandwidth signals.

· Explain why “it’s all about bandwidth” for a chirped pulse

· Explain why “it’s all about bandwidth” for a CW pulse

Feel free to use equations where suitable.

Q4
Sonar Equation (10 marks)

Part I (5 marks)

The sonar equation is used in system design and performance prediction of acoustic systems.  In logarithmic form, it is expressed as:

SN = SL - 2TL - NL + BS + DI

Parameters in the sonar equation can be grouped into three categories, depending on the physical systems that govern their behaviour:

1. sonar system: parameters that describe the sonar system itself

2. environmental: parameters that describe the environment through which the pulse of energy propagates 

3. target: parameters that describe interaction between the pulse of energy and the target

Group the terms of the sonar equation under these three headings (sonar system, environmental and target), and BRIEFLY explain why they’ve been grouped under their respective headings.  

Beware that you will have to decompose some of the terms in the sonar equation into their subcomponents in order to categorize them, e.g. NL = Nc + 10log10W, in this case Nc belongs in one group while 10log10W  belongs in another.

Part II (5 marks)

The source level of a transducer is limited by cavitation, which occurs when the negative pressure level at the transducer face exceeds the local hydrostatic pressure.  Since hydrostatic pressure increases with depth, the maximum achievable source level of a transducer increases with depth (In plain English:  we can make a transducer ping louder in deeper water without worrying as much about cavitation).

In logarithmic form, the source level at which cavitation will occur is described by the following equation, in which one thing is FUNDAMENTALLY wrong in that it contradicts the preamble above.  What is incorrect in the equation?  Be sure to explain your reasoning.

SLcav = 186 + 10logS + DI - 20log(10+z)

Where

S is the transmitting surface area in sq. metres

DI is the directivity index, as traditionally used in the sonar equation

z is the depth in metres

Q5:  Bonus Question!!!  Angular Resolution (5 marks)

Amplitude shading is a technique used in the beamforming procedure for a discrete linear array.  What is the benefit of amplitude shading?  What are the drawbacks of amplitude shading?

