
Answer on Question#78812 - Physics - Classical Mechanics 

The equation for a damper harmonic oscillator is given as 𝑥 = 10𝑒−0.125𝑡 cos (
𝜋

2
𝑡). Calculate 

angular frequency, natural angular frequency, initial energy per unit mass of the damped 

oscillator, the damped time, the nature of the oscillation, the quality factor and the particles 

velocity at time equal zero. 
Solution: 

Since 
𝜋

2
𝑡 = 𝜔1𝑡, the angular frequency is 𝜔1 =

𝜋

2
= 1.57 s−1. Since 𝑒−0.125𝑡 = 𝑒−𝛾𝑡 the damping 

coefficient is 𝛾 = 0.125 s−1. The natural frequency 𝜔0 is given by 

𝜔0 = √𝜔1
2 + 𝛾2 = √(1.57 s−1)2 + (0.125 s−1)2 = 1.57 s−1 

𝑡 = 0 s: 

Position: 

𝑥(0) = 10 m 

Velocity: 

�̇�(0) = 10 (−0.125𝑒−0.125𝑡 cos (
𝜋

2
𝑡) −

𝜋

2
𝑒−0.125𝑡 sin (

𝜋

2
𝑡))|

𝑡=0
= −1.25

m

s
 

Thus initial energy per unit mass is given by 

𝜖(0) =
𝑘𝑥2(0)

2𝑚
+

�̇�2(0)

2
=

𝑥2(0)

2

𝑘

𝑚
+

�̇�2(0)

2
 

Since 𝜔0 = √𝑘/𝑚, we obtain 

𝜖(0) =
𝑥2(0)𝜔0

2

2
+

�̇�2(0)

2
=

(10 m)2(1.57 s−1)2

2
+

(−1.25
m
s )

2

2
= 124

J

kg
 

The damped time 

𝜏 =
1

𝛾
=

1

0.125 s−1
= 8 s 

Since 𝜔0 > 𝛾, the oscillator is underdamped. 

The quality factor is given by 

𝑄 =
𝜔0

2𝛾
=

1.57 s−1

2 ∙ 0.125 s−1
= 6.28 

Answer: 𝜔1 = 1.57 s−1, 𝜔0 = 1.57 s−1, 𝜖(0) = 124 J/kg, 𝜏 = 8 s, underdamped oscillator, 𝑄 =

6.28, �̇�(0) = −1.25
m

s
. 
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