
A patient in the orthopedic ward must have his legs raised 2ft higher than his hips while lying flat 

on his bed. If the leg is 1.42m long and weighs 23kg (including plaster cast) concentrated 0.7m 

from his hips, what would be the tension in the horizontal rope supporting his foot, tied to the 

post at his bedside opposite the hips? 

Solution: 

𝐻 = 2𝑓𝑡 = 0.6096𝑚 − ℎ𝑒𝑖𝑔ℎ𝑡 𝑎𝑡 𝑤ℎ𝑖𝑐ℎ 𝑡ℎ𝑒 𝑙𝑒𝑔 𝑠ℎ𝑜𝑢𝑙𝑑 𝑏𝑒;  

𝐷 = 1.42𝑚 −  𝑙𝑒𝑔 𝑙𝑒𝑛𝑔𝑡ℎ; 

𝑚 = 23𝑘𝑔 − weighs of the length including plaster cast; 

𝑑 = 0.7𝑚 −  𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑒𝑛𝑡𝑒𝑟 𝑜𝑓 𝑚𝑎𝑠𝑠. 

𝑇 − tension in the horizontal rope 

𝑁 − 𝑟𝑒𝑎𝑐𝑡𝑖𝑜𝑛 𝑓𝑜𝑟𝑐𝑒 

The second rule of equilibrium relative to the point O (rule of moments): 

𝑂: 𝑀𝑚𝑔 + 𝑀𝑇 + 𝑀𝑁 = 0 (1) 

𝑀 = 𝐹 ∙ 𝐿, 𝐹 − 𝑓𝑜𝑟𝑐𝑒, 𝐿 − 𝑙𝑒𝑣𝑒𝑟 − 𝑎𝑟𝑚 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒  

𝑀𝑁 = 𝑁 ∙ 𝐿𝑛 = 𝑀 ∙ 0 = 0 (2) (𝑡ℎ𝑒 𝑟𝑒𝑎𝑐𝑡𝑖𝑜𝑛 𝑓𝑜𝑟𝑐𝑒 𝑎𝑐𝑡𝑖𝑛𝑔 𝑎𝑡 𝑡ℎ𝑒 𝑝𝑜𝑖𝑛𝑡 𝑂) 

𝑀𝑇 = 𝑇 ∙ 𝐻 (3) 

𝑀𝑚𝑔 = 𝑚𝑔 ∙ 𝑆 (4) 

(4)𝑎𝑛𝑑 (3)𝑎𝑛𝑑(2)𝑖𝑛(1): 

𝑚𝑔 ∙ 𝑆 − 𝑇 ∙ 𝐻 = 0 (𝑚𝑖𝑛𝑢𝑠 𝑠𝑖𝑔𝑛 𝑑𝑢𝑒 𝑡𝑜 𝑡ℎ𝑒 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑡 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑚𝑜𝑚𝑒𝑛𝑡𝑠) 

𝑇 =
𝑚𝑔 ∙ 𝑆

𝐻
 (5) 
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Now we need to find a lever-arm 𝑆: 

𝑟𝑖𝑔ℎ𝑡 𝑡𝑟𝑖𝑎𝑛𝑔𝑙𝑒 ∆𝐴𝐵𝐶: 𝑄 = √𝐷2 − 𝐻2 = √1.42𝑚2 − 0.60962 = 1.28𝑚  

(𝑃𝑦𝑡ℎ𝑎𝑔𝑜𝑟𝑎𝑠′ 𝑡ℎ𝑒𝑜𝑟𝑒𝑚) 

Cosine of the angle alpha for the two right-angled triangles: 

cos 𝛼 =
𝑄

𝐷
=

𝑆

𝑑
; 

𝑄

𝐷
=

𝑆

𝑑
 

𝑆 =
𝑄 ∙ 𝑑

𝐷
 (6) 

(6)𝑖𝑛 (5): 𝑇 =
𝑚𝑔 ∙

𝑄 ∙ 𝑑
𝐷

𝐻
=

𝑚𝑔 ∙ 𝑄 ∙ 𝑑

𝐻 ∙ 𝐷
=

23𝑘𝑔 ∙ 9.8
𝑁
𝑘𝑔

∙ 1.28𝑚 ∙ 0.7𝑚

0.6096𝑚 ∙ 1.42𝑚
= 233.3𝑁 

Answer: tension force in the horizontal rope: 𝑇 = 233.3𝑁  
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