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Twisting Beam Problem 
13 August 2021 

Jim Stevenson 

Here is a slightly different kind of problem from the Polish 

Mathematical Olympiads ([1]). 

106. A beam of length a is suspended horizontally by its ends by 

means of two parallel ropes of lengths b.  We twist the beam 

through an angle ϕ about the vertical axis passing through the 

centre of the beam.  How far will the beam rise? 

 

My Solution 

Figure 1 shows the parmeterization of the 

problem where h is the height of the beam.  Then 

we get the equation 
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From the quadratic formula we obtain 

 )cos1(
2

2
2

ϕ−−−=
a

bbh  (1) 

The other solution found by adding the radical to 

b would mean h > b, which is impossible.  We 

only get non-imaginary solutions if  
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which happens when  

 cos ϕ ≥ 1 – 2(b/a)
2
 (2) 

Now when a ≤ b, for all ϕ,  

 1 ≥ cos ϕ ≥ – 1 ≥ 1 – 2(b/a)
2
,  

and the minimum cos ϕ value of –1 occurs when ϕ = π.  Then b
2
 – (a

2
/2)(1 – cos ϕ) = b

2
 – a

2
.  So 

from equation (1), for a ≤ b, h is maximal when twist ϕ = π and its value is 22 abbh −−= . 

When a ≥ b,  

 1 ≥ cos ϕ ≥ 1 – 2(b/a)
2
 ≥ – 1.   

As a gets larger, cos ϕ is squeezed closer to 1 and so  the maximal twist ϕ approaches 0.  Choose the 

maximal value of ϕ ≤ π where  

 
 

 
Figure 1 
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 cos ϕ = 1 – 2(b/a)
2
.  

Then  b
2
 – (a

2
/2)(1 – cos ϕ) = 0 and from equation (1) h = b. 

Olympiad Solution 

Again I will give the Olympiad solution as images of the original.  See below p.3.  I am not sure I 

understand what their idea of oblique and orthogonal projections means as a method of solution. I 

found the analytic geometry coordinate approach that I used fairly straight-forward and intuitive. 
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Olympiad Solution 

 
 

Method I. 
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the same as 
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Method II. 
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