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Final Exam Problem 04:  Chapter 05 
The rod shown has a length 𝐿 = 4ft, and is pinned at its end 𝑂.  The attached 
spring has a stiffness 𝑘 = 50lb/ft, and an unstretched length 𝑙𝑜 = 2ft.  The spring 
is unstretched when 𝜃 = 0°. 

The problem has been checked, and a few errors are noted 

A) Draw the free body diagram for rod 𝑂𝐶.  Do this carefully and pay attention to 
the various angles! 

See free body diagram on the right! 

The FBD is not correct because the spring force should point 

the other direction! The components of the spring force 

should both be negative 

B) Calculate the spring force 𝐹 = 𝑘∆𝑙 by determining the stretched length 𝑙 of the 
spring in the position shown. 

Use Law of Cosines on the triangle 

𝐴2 = 𝐵2 + 𝐶2 − 2𝐵𝐶 cos𝛼 
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𝑙 = 2.343ft 

𝐹 = 𝑘(𝑙 − 𝑙𝑜) = (50
lb

ft
) (2.343 − 2)ft = 17.2lb 

The length is incorrectly calculated! The vertical leg of the triangle OA 

should be L, not L/2. Correct length should be: 

𝑙 = 2.95ft 

This affects the calculated spring force: 

𝐹 = (50
lb

ft
) (2.95 − 2)ft = 47.4lb 

C) Determine the tension 𝑇 in the cord when the system is in equilibrium at 45°  (Hint:  You’ll need to solve for the spring angle 𝜃!). 

Use Law of Sines to find the angle 

𝑙

sin 45°
=

(
𝐿
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sin 𝜃
 

𝜃 = sin−1 [
(
𝐿
2) sin 45°

𝑙
] = sin−1 [

(2ft) sin 45°

(2.343ft)
] = 37.1° 

The Law of Sines is correct, but the wrong value is used in the calculation! 

𝜃 = sin−1 [
(2ft) sin 45°

(2.95ft)
] = 28.6° 

Sum the moments about the origin. Let counter-clockwise be the positive direction: 

∑𝑀𝑂 = 𝑦1𝐹𝑥 + 𝑥1𝐹𝑦 + 𝑦2𝑇𝑥 + 𝑥2𝑇𝑦 = 0 

(0.5𝐿 cos 45°)𝐹 sin 𝜃 + (0.5𝐿 sin 45°)𝐹 cos 𝜃 + (𝐿 cos 45°)𝑇 cos 60° + (𝐿 sin 45°)𝑇 sin 60° = 0 

(cos 45°)𝑇 cos 60° + (sin 45°)𝑇 sin 60° = −(0.5 sin 45°)𝐹 cos 𝜃 − (0.5 cos 45°)𝐹 sin 𝜃 

𝑇(cos 60° + sin 60°) = −0.5𝐹(cos 𝜃 + sin 𝜃) 

𝑇 = −
0.5(17.2b)(cos 37.1° + sin 37.1°)

(cos 60° + sin 60°)
= −8.82lb 

𝜃 

Spring force should 

point the other way! 
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The moment equation is correct for the FBD as shown, but needs to be fixed when the spring force 

is reversed to the correct direction. The negative tension should have alerted the solver to the 

problem! Also, incorrect values need to be replaced and recalculated. 

∑𝑀𝑂 = −𝑦1𝐹𝑥 − 𝑥1𝐹𝑦 + 𝑦2𝑇𝑥 + 𝑥2𝑇𝑦 = 0 

𝑇 =
0.5(47.4lb () cos28.6° + sin 28. )

(

6°

cos 60° + sin 60°)
= 23.5lb 

D) Determine the reaction force 𝑅⃗  at point 𝑂. 

Sum the forces and solve the system 

∑𝐹𝑥 = 𝑅𝑥 + 𝐹 sin 𝜃 + 𝑇 cos 60° = 0 

𝑅𝑥 = −𝐹 sin 𝜃 − 𝑇 cos60° = −(17.2lb) sin 37.1° − (−8.82lb) cos 60° = −5.96lb 

∑𝐹𝑦 = 𝑅𝑦 + 𝐹 cos 𝜃 + 𝑇 sin 60° = 0 

𝑅𝑦 = −𝐹 cos 𝜃 − 𝑇 sin 60° = −(17.2lb) cos 37.1° − (−8.82lb) sin 60° = −6.08lb 

𝑅⃗ = −(5.96𝐢̂ + 6.08𝐣̂)lb 

The force summation is correct according the original FBD, but the spring force is in the wrong 

direction. And the incorrect values need to be replaced and recalculated. 

∑𝐹𝑥 = 𝑅𝑥 − 𝐹 sin 𝜃 + 𝑇 cos 60° = 0 

𝑅𝑥 = 𝐹 sin 𝜃 − 𝑇 cos 60° = (47.4lb) sin 28.6° − (23.5lb) cos 60° = 10.8lb 

∑𝐹𝑦 = 𝑅𝑦 − 𝐹 cos 𝜃 + 𝑇 sin 60° = 0 

𝑅𝑦 = 𝐹 cos 𝜃 − 𝑇 sin 60° = (47.48lb) cos 28.6° − (23.5lb) sin 60° = 21.1lb 

𝑅⃗ = (10.8𝐢̂ + 21.1𝐣̂)lb 

Evaluation: 

The creator made a Chapter 05 equilibrium problem that required skills from all of the 
previous chapters. It has multiple parts that build from one step to the next to lead the 
solver through the problem. 

This problem was fairly straightforward, so the analysis matches up with the solution. There 
really was no other approach to the problem that made sense, so the solver did exactly what 
the analyst expected. 

The solver did a good job setting up the problem, but there were a few mistakes caught by 
the checker. The spring force direction was a fundamental error, and that made it impossible 
to get the right answer. However, the solver did demonstrate solid knowledge of the 
techniques. 

The checker was very thorough and did not miss any of the mistakes. When we reviewed the 
correction, we put the equations into a solver and verified the numbers, so we are confident 
that the revised solution is the correct one. 

In conclusion, this problem required a lot of skills from Chapters 02–05, so it would be a 
good problem for an exam. It does not need to be modified. Even with the number of different 
parts, the problem is not too much math because the force and moment equations are 
independent and don’t have to be solved as a system. 
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