
Answer on Question #81866 - Physics - Mechanics – Relativity 

A gun barrel of mass 600kg has a recoil spring of stiffness 294 kn/m. if the barrel recoils 

1.3m on firing determine i) The initial recoil velocity of barrel ii) The critical damping coefficient of 

dashpot which is engaged at the end of recoil stroke. Iii) Time required for the barrel to return at 

the end of recoil stroke. 

Solution 

1) Calculate the natural frequency: 

𝜔 = √
𝑘

𝑚
= 22.14 s−1. 

Energy of firing will transform to energy of spring, which then will be transformed to kinetic 

energy: 

𝑚𝑣2

2
=

𝑘𝑥2

2
 ⇨ 𝑣 = 𝑥√

𝑘

𝑚
= 1.3 · √

294 · 103

600
= 28.78 m/s. 

2) The damping factor at critical damping is 1. Thus, the critical damping coefficient will be 

𝑐 = 2𝑚 · 𝐷𝐹 · 𝜔 = 2𝑚 · 𝐷𝐹 · √
𝑘

𝑚
= 2 · 600 · 1 · √

294 · 103

600
= 2.656 · 104 kg/s. 

3) We set the time when the barrel reaches the position 𝑥 = 1.22 to be 𝑡 = 0. Write 

the expression for the motion of barrel at critical damping:  

𝑥(𝑡) = (𝐶1 + 𝐶2𝑡)𝑒−𝜔𝑡, 

here 𝐶1 and 𝐶2 can be obtained from the initial conditions at 𝑡 = 0: 

{
𝑥 = 1.3
𝑣 = 0

 

thus 𝐶1 = 1.3 m and 𝐶2 = −28.78 m/s. 

The barrel will return to the end of recoil stroke: 

0.001 = (1.3 − 28.78𝑡)𝑒−22.14𝑡, 

𝑡 = 0.045 

Answer 

28.78 m/s, 2.656 · 104 kg/s, 0.045 s 
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