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Question. A body of mass 0.2 𝑘𝑔 is suspended from a spring of force constant 100 𝑁/𝑚. The frictional 

force due to air drag acting on it is 5𝑣 newton. (1) Write down the differential equation of motion and 

calculate the period of free oscillations. (2) If a harmonic force 𝐹 = 20 cos 20𝑡  is applied on it, calculate 

the phase lag in the steady state. 

Solution 

(1) So, 

According to the Second Newton’s Low 

𝐹 = 𝑚𝑎 

 

We have 

𝑚𝑔 = 𝑘𝑥0 

 

𝐹𝑠
′ = −𝑘(𝑥0 + 𝑥) 

 

𝑚𝑎𝑥 = −𝑘(𝑥0 + 𝑥) + 𝑚𝑔 − 5𝑣 = −𝑘𝑥0 − 𝑘𝑥 + 𝑘𝑥0 − 5𝑣 = −𝑘𝑥 − 5𝑣 
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For this system 

𝜔 = √𝜔0
2 − 𝛽2 = √500 − (12.5)2 = 18.54  
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Answer. 
𝑑2𝑥

𝑑𝑡2
+ 25

𝑑𝑥

𝑑𝑡
+ 500𝑥 = 0, 𝑇 = 0.34 𝑠. 

(2) 

Using (1) we get 
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Steady State solution 

𝑥(𝑡) = 𝑋0 sin(𝜔𝑡 + 𝜑) 
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Answer. 𝜑 = −78.72°. 
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