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Sketches are encouraged, HOWEVER, be sure to label sketches appropriately      and to reference them in your written answers.  If graphs are included in your answer, be sure to clearly label the axes.
Multiple Choice: Answer all questions 

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

(a) halves
(b) doubles
(c) squares

(d) does not affect

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

(a) halves
(b) doubles
(c) squares

(d) does not affect

3.  For angular measurements made in support of multibeam echosounding, ______ has the largest effect in terms of overall depth accuracy for a sounding.

(a) roll
(b) pitch
(c) heading
(d) they all have equal effect
4.  Electronic beam steering has several drawbacks.  Which of the following is NOT a drawback of beam steering:
(a) sensitivity to errors in surface sound speed 
(b) range resolution degrades with steering angle
(c) beamwidth increases with steering angle

(d) beams take on a conic form
5.  The sonar equation gives rough estimates of the range performance of a sonar system.   Of the following terms from the sonar equation, which is CORRECT:
(a) 2TL = 10log10R - 2αR
(b) BS = Sb(θ) + 40log10(A)
(c) NL = Nc + 40log10(W)

(d) They are all correct
(e) They are all incorrect
Definitions:    Choose 5 of the 8


(25 marks, 5 marks per definition)
(a) sidelobe suppression
(b) flat seafloor assumption
(c) reference surface
(d) transducer bandwidth

(e) signal bandwidth
(f) slant range resolution
(g) induced heave
(h) angular resolution
Short Answer:  Choose 3 of the 5


(30 marks, 10 marks per question)
1.  Explain how a transducer’s central frequency limits the minimum achievable pulse length (for a CW pulse).
2.  Explain how the choice of transducer frequency affects range and angular resolution of a sonar system.  How are “good” range and angular resolutions achieved?

3.  Explain the purpose of a patch test.
4.  Explain how heave is measured and the filtering that is done to remove bias from the output signal.
5.  What is the difference between heave and induced heave?  How can you minimize the effect of induced heave such that no additional instrumentation is required to account for it (e.g. motion sensor)?
Long Answer:  Choose 2 of the 3


(30 marks, 15 marks per question)
1.  Modern multibeam echosounders sometimes employ multiple transmit sector to allow them to:

a) perform yaw stabilization

b) focus the transmit beam
Explain the problem each one of the above is addressing and explain how each is solved through the multiple transmit sectors approach.

2.  Explain how the bottom detection algorithms for single beam and multibeam echo sounders differ.  What would happen if a single beam bottom detection algorithm was used for a multibeam echosounder, i.e. explain the nature of the error that would occur as a function of beam angle?
3.  Explain (don’t just list) the three drawbacks of electronic beam steering.  Explain how circular array (barrel array) geometries can be used to overcome these drawbacks.  What drawbacks do circular arrays have themselves?
