
Solution: 
 
1) Using the Drag Force Equation: 

𝐹𝑑 =  
1
2
𝜌 ∗ 𝑣2 ∗ �̅� ∗ 𝐶𝑑 

 
substituting given values and replacing v2 with Vmax: 
 

𝐹𝑑 =  
(0.07)(1.06)

2(32)
[𝐶𝑇𝑓(14 − (. 49ω))2 − 𝐶𝑑(2)(14 + (. 26ω))2 − 𝐶𝑑(3)(. 26ω)2] 

 

𝐹𝑑 =  
(0.07)(1.06)

2(32)
[5.2(14 − (. 26ω))2 − 0.63(14 + (. 26ω))2 − 0.63(. 26ω)2] 

 
Expanding terms into a polynomial: 
 
𝐹𝑑 = [(0.0011) ∗ (0.26ω2 − 42ω + 895)]  
 
2) The Torque: 
𝜏 =  𝐹𝑑 ∗ 𝑅� 
 
 𝜏 = [(0.0011) ∗ (0.26ω2 − 42ω + 895)]  ∗ (0.26) 
 
3) The Work being Done: 
𝑊 =  𝜏 ∗ 𝜔 
 
𝑊 = [(0.0011) ∗ (0.26ω2 − 42ω + 895)  ∗ (0.26)] ∗ (𝜔) 
 
Combining Terms: 
𝑊 = (0.00076ω3 − 0.012ω2 + 0.25𝜔) 
 
Setting the derivative equal to zero: 
𝑑𝑊
𝑑𝜔

= 0 

 

𝜔 = 11.8 
𝑟𝑎𝑑
𝑠𝑒𝑐

= 113 𝑟𝑝𝑚 

 
Solving W for 𝜔 = 11.3 𝑟𝑎𝑑

𝑠𝑒𝑐
: 

 

𝑊 = 1.6 
𝑙𝑏 − 𝑓𝑡
𝑠𝑒𝑐

= 0.0029 𝐻𝑃 = 2.2 𝑤𝑎𝑡𝑡𝑠 

 
 


