
PROBLEM SET 9 - SOLUTIONS 
 
Comments on Problem Set 9 
 
PROBLEMS 1-3: 
- A detail that many people got wrong is that the M1 curve tends asymptotically to a horizontal line. 
Many groups draw the M1 with a final slope (dh/dx) larger than S0 (i.e., horizontal), which is incorrect: 

 
 
Note that the M1 is a very slowly growing curve, which needs a long distance to yield a significant 
increase in water depth. 
 
- Our approximate formula to calculate distances (Lecture 30) is an approximation of the equation of the 
surface profile. Therefore, it only works to calculate distances along a certain gradually varying surface 
profile (along an M1, along an S3, etc.) You cannot use it along hydraulic jumps. If you have a 
hydraulic jump (as in problems 2 and 3), you can neglect the distance along it, because this distance is 
very small (the hydraulic jump is almost vertical). In problem 3, the distance from the gate to vena 
contracta is also negligibly small. If you have two different curves -e.g., a M2 followed by an S2 in a 
steep to mild transition- and you need to calculate the total distance, you will have to calculate the 
distance along M2 and the distance along S2 separately, and add them up. 
 
- Remember that we have an explicit formula to calculate conjugate depths in rectangular channels (see 
Lecture 28), which is much faster to apply to an unassisted hydraulic jump than to equate the MPs and 
iterate (the latter procedure is correct, but it takes more time). This formula for conjugate depths will be 
in the cheat sheet, so you probably want to keep its existence in mind in the exam.  
 
 
PROBLEM 4: 
Most groups did very well on this problem. Remember that there is no C2 curve, and that for normal 
flow (which coincides with critical flow in this case), dh/dx = 0 (depth of flow doesn't change at all).  
 
PROBLEM 5: 
Part b was not counted. 
  
 
PROBLEM 6: 
Everyone did well on this problem. Remember that the specific energy at the critical depth is 3/2*h_c, 
and that the pressure of a freely  falling jet is 0. 
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