GGE 3353 Imaging and Mapping II:  Acoustic Seabed Imaging

Midterm Exam, Monday 7th November 2004

Jonathan Beaudoin & John E. Hughes Clarke
You’ve only got 50minutes!  Brief and to the point, please!
Part I (10 marks):


    Define any FIVE of the following
1. internal wave

2. bottom backscatter strength
3. impedance contrast
4. ensonified area

5. signal bandwidth
6. transducer bandwidth
7. chirped pulse

8. dynamic aperture
Part II (20 marks): 

Answer TWO of the following questions
Q1
Acoustic Fundamentals

Knowing the following:

Density of salt water ≈ 1028 kg/m3
Sound speed in water ≈ 1500 m/s

Density of air ≈ 1.29 kg/m3
Sound speed in air ≈ 330 m/s

Compute the following:

(i) Acoustic impedance of air

(ii) Acoustic impedance of water

(iii) Reflection coefficient of an air/water interface

Explain how the above demonstrates that air bubbles along the transmission path between transducer and seafloor can seriously hinder the performance of an underwater echosounding system.

Q2
Beamforming fundamentals
What assumption do beamforming techniques violate in the nearfield?  What happens as a result?  List and describe the two methods that allow for stable beamforming in the nearfield.

Q3
Range Resolution

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.

Part III (20 marks): 
     ANSWER ONLY ONE OF THE FOLLOWING QUESTIONS

Q1
Physical Oceanography

Explain the principal aspects of global thermohaline circulation. What drives it and how is the circulation developed (and maintained)?  As part of this, name the principal watermasses involved and the location for their formation.

If you were a cable engineer or hydrographic surveyor, planning a trans-Atlantic cable (NY to UK), why should you care about this?

At the present time, the thermal variations dominate. How might global warming alter the salinity variability and what effect could this have on the "global conveyor belt".


Q2
Effect of Sidelobes
Why is sidelobe suppression so important with multibeam sonars?  A complete answer will use the sonar equation (and a few drawings) to illustrate the relationship between sidelobe suppression, the seafloor's varying response with incidence angle, and their combined effects on the echo-trace (the input to a bottom detection algorithm).  As part of the answer, define sidelobes and explain how sidelobe suppression is achieved.
