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Multiple Choice (5 marks, 1 mark per question)
1.  For a fixed array length, doubling the frequency ___________ the range to the 
     nearfield-farfield boundary.

(a) doubles

(b) halves

(c) squares

(d) does not affect

2.  For a fixed frequency, doubling the array length ___________ the -3dB beamwidth.

(a) doubles

(b) halves

(c) squares

(d) does not affect

3.  For a fixed frequency, doubling the pulse length of a chirp pulse ____________ the 
     range resolution.

(a) doubles

(b) halves

(c) squares

(d) does not affect

4.  Electronic roll compensation is achieved through dynamic steering of the _________ 
     array.
(a) receiver

(b) transmitter

5.  Electronic pitch compensation is achieved through dynamic steering of the _________ 
     array.

(a) receiver

(b) transmitter

Definitions (15 marks, 3 marks per definition)
(a) sidelobe suppression

(b) seafloor angular response

(c) sonar equation

(d) angular sector

(e) equidistant beam spacing
Short Answer (20 marks, 5 marks per question)
1.  Explain the role of frequency selection in range and angular resolution of a sonar 
     array.  How are “good” range and angular resolutions achieved?

2.  For the purposes of yaw compensation, the Simrad EM120 uses multiple transmit 
     sectors, with each sector being assigned a frequency band that lies within the total 
     bandwidth of the transducer (whose central frequency is nominally 12 kHz).

     Use the 10% rule of thumb for transducer bandwidth to estimate the minimum     
     allowable pulse length for the EM120 when running in: 

a) 3 sector mode

b) 9 sector mode

     What would be the frequency of the lowest frequency sector in 3 sector mode?
3.  Explain the difference between heave and induced heave.  When computing induced 
     heave, what other bits of information are required (i.e. information from other 
     sensor(s), and/or measurements made at the time of equipment installation onboard 
     the vessel)?  
4.  Explain why thresholding bottom-detection algorithms are not suitable for multibeam 
     sonar bottom detection.
Long Answer (30 marks, 15 marks per question)
1.  Draw a typical performance envelope (depth v. swath width) of a multibeam sonar as 
     it is driven from a shallow depth, well inside its attenuation limit, down to depths 
     close to signal extinction.  List, and explain clearly, the principal factors which control   
     the shape and size of this envelope. Distinguish those factors that can be optimized by 
     proper sonar design, and those that are external environmental variables.

2.  I recently got an email from a New Brunswick provincial government employee down 
     in St. George, NB.  He has the job of checking aquaculture sites after leases have 
     expired to ensure that lessees have removed all aquaculture equipment from the lease 
     site.  Traditionally this job is done with divers.  A portion of his email is included 
     below:

“I am writing you to inquire as to the availability of you or someone in your group to provide our department with advice and or assistance with some work we are required to do.  Our department, Agriculture, Fisheries and Agriculture (DAFA), manages the lease and licenses for aquaculture sites in New Brunswick. Old or unused sites are relinquished by the lessee back to DAFA, who then return them back to crown lands, administered by the Department of Natural Resources (DNR). That process requires that the land be returned to its original condition by the user. It is DAFA’s responsibility to ensure this process takes place before the property is returned to DNR.

Before the site is officially relinquished by the lessee, an inspection of the site is done under the auspices of DAFA to ensure the site has been cleared of all gear and equipment. If it is clear, the land will be returned to DNR. If it is found that material has been left behind, it will be removed and costs recovered from the lessee.

I have been asked to ensure that DAFA has applied proper due diligence in inspecting the sites for debris.  Presently, we employ divers to do transects of the sites to provide a visual inspection of a small portion of the bottom. Obviously this has a number of limitations based on diver visibility and bottom time.”
     The aquaculture sites are in 25 to 150 feet of water and are situated in estuaries, inlets,  
     or embayments that are protected from the open ocean wind and wave action.  Some 
     areas have tidal currents of up to 3 kts.  The sites have areas ranging between 5 and 40 
     hectares.  
The gear he is trying to detect or image includes:

· large cement mooring blocks, the smallest of which would be about 1 cubic metre

· metallic cables and mooring equipment

· polypropylene mooring nets, anchored to the bottom, that may be floating just above the seabed 

He has come to the conclusion that an acoustic mapping or imaging system might be 
able to do the detection job instead of divers.  What type of acoustic imaging or 
mapping system would you recommend for the job?  What supporting equipment 
(positioning, orientation, heading, heave, tide gauge, etc) does he need?  How would it 
be deployed?

Keep your choice as *reasonable* as possible.  There are many solutions to this 
question, but some may be overkill, e.g. an ROV positioned with USBL.

