The Ladder-Over-The-Fence Problem – Larsen p.214 #53
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53. Let L represent the length of the ladder (conveyor belt). 
Let x = distance from the foot of the ladder to the 2m fence.
Method 1
Let y = height at which the shortest ladder reaches the silo.

(i) Notice the similar right triangles and therefore: 
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(ii) Notice the Pythagorean relationship: L2 = y2 + (x+7)2 

Now do some implicit differentiation (wrt x) on equation (ii).                                     x
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Now equation (i) for 'y' to get:   
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 and find:  
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and plug both 'y' and 'dy/dx' into the boxed equation above to get:  
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Now put everything under a common denominator and try to factor.
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  factor a 4th degree polynomial?! 

Wait, I can group the 1st two terms and factor out an x3 and group the last two terms...
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  We can leave 'L' on the left side of the equation. Since it will always be positive, it won't affect our 1st derivative number line.

                  L     decr            incr       decr       incr           Actually x > 0 so we are only
   
        L'      −

     +           −           +              looking at the right side here.
                                    −7              0      
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     Absolute minimum L-value when
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Method 2 – Use 
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 instead of y as our 3rd variable. 
(i) (big right triangle) 
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 and (ii) (little right triangle) 
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The second equation (ii) requires a right triangle trick. (See figure here.)
Combining the two equations: 
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 (common denominator?)     x     
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