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NOTE: Answer all questions. Symbols have their usual meaning if not specified. 
Assume realistic value of data if missing. 

1. Consider a model basin with a wave-maker in one end that generates long-crested 
regular waves with circular frequency m. In the following calculation, you can assume 
a wave period of 2 sec. and wave amplitude of 0.25 m. The tank length is 100 m. 
Assume deep water. 

(a) Approximately how long will it take for a wave front to propagate from the wave
maker to the other end of the tank? Consider a small cork that is floating on water 
and is not disturbing the wave field. Approximately how long will it take for the cork to 
move from the wave-maker to the other end of the tank? 

(b) What is the maximum fluid velocity in the tank? 
(c) Consider an observer situated along the tank side and a time after the wave front has 

passed by. How long does it take between two successive wave crests to pass the 
observer? What is the phase of the wave elevation 1.5 m. closer to the wave-maker 
relative to the wave-elevation at the position of the observer? 

(d) What are the answers to the questions in (d) if the observer is moving with a velocity 
1 m/sec. (i) towards the wave-maker, and (ii) away from the wave maker. 

(Hints: The velocity potential for a linear water wave is: ¢ = gA ekz cos(cvt- kx). While 
(iJ 

according to linear theory, the average drift velocity for water particles are zero, 
according to Stoke's second order theory, this is given by A2 cvke2kz) (1 0) 

2. Describe briefly the procedure for determining the motions of a ship advancing at a 
constant speed in irregular waves. (4) 

3. For a large floating body oscillating in a regular linear wave, the velocity potential of 
the linearized problem can be written as: 

q>(x,y, z; t) = Re{ ( t ;,.,1(x.y,z) + %(x,y, z) + 97(x, y,z) )e'~} 
(i) identify and describe all the terms in this equation 
(ii) write the boundary value problem for the unknown potentials 
(iii) What are the limiting cases of free-surface boundary conditions for the 

unknown potentials in the limit of cv ~ 0 and cv ~ oo? What type of fluid 
motions these two extremes represent? Show from qualitative arguments that 
for the case of cv ~ 0 , the sway motion is equivalent to the sway oscillation of 
the double body in infinite fluid while for heave motion, a similar situation will 
occur for the case of cv ~ oo. (1 0) 

4. Write the formula for the undamped natural heave period. Taking realistic value of 
dimensions for practical geometries, determine and discuss the order of the natural 
heave periods for a large blocky ship, a small shallow draft barge, a semisubmersible 
and a spar platform (which is essentially a vertical cylinder with typical dimensions of 
diameter 30-40m and draft 80-100m). Discuss what are the strategies available to an 
offshore designer for increasing the natural heave period? (6) 

------------------------------------------- end of questions -----------"--------------------------------
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