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PHY2400  Exam II (Take Home Portion)  Summer 2017   


 


Show ALL WORK on your own paper for maximum credit.  For any 


plots, be sure to label your axes in detail. You may plot by hand or 


submit a print out from a computer program.  If you use a graphing 


calculator or computer, provide the general details in writing of what 


you used and how you used it. 


 


This problem involves a Land Rover car which has a mass of 2060 kg, 


a drag coefficient of 0.45, and a frontal cross sectional area is 3.6 m
2
.   


 


A Land Rover car accelerates on a long flat road from rest up to a speed of 40 m/s (or about 90 


mph) over a time period of 20 seconds.  The Land Rover’s acceleration is not constant with time, 


but rather its speed follows the function 


 


𝑣(𝑡) = 4𝑡 − 0.1𝑡 2 
 


a)  (2 points) Plot the speed of the Land Rover vs time for the range t=0 to 20s.   


 


b)  (2 points)  Determine an equation for the acceleration of the Land Rover.  Plot the acceleration 


vs time from t = 0 to 20 s (on a different plot than in part a). 


 


*The rest of this problem will examine the POWER required for the Land Rover to accelerate along 


the road over this time period.  You will be asked to consider the overall power required as a 


function of time, 𝑃𝑜𝑣𝑒𝑟𝑎𝑙𝑙 (𝑡), by splitting it into the sum two terms 
 


𝑃𝑜𝑣𝑒𝑟𝑎𝑙𝑙 (𝑡) = 𝑃𝑎𝑐𝑐𝑒𝑙 (𝑡) + 𝑃𝑎𝑖𝑟 (𝑡)  
 


where 𝑃𝑎𝑐𝑐𝑒𝑙 (𝑡)  is the power required to accelerate the car (neglecting air resistance) and 𝑃𝑎𝑖𝑟 (𝑡) is 
the power required to overcome the force of air resistance.  


 


c)  (5 points)  First analyze the 𝑃𝑎𝑐𝑐𝑒𝑙 (𝑡) term alone.  Since 𝑃 =  𝑑𝑊 𝑑𝑡⁄ , you can assume the work 
done for this acceleration term is equal to the kinetic energy gained, so 𝑃𝑎𝑐𝑐𝑒𝑙(𝑡) = 𝑑𝐾 𝑑𝑡⁄ .  Use the 
given information to derive an equation for 𝑃𝑎𝑐𝑐𝑒𝑙 (𝑡) as a function of time.  Plot 𝑃𝑎𝑐𝑐𝑒𝑙 (𝑡) vs time 
(on a separate graph from your speed plot). 


 


d)  (5 points)  Now analyze the 𝑃𝑎𝑖𝑟 (𝑡) term alone.  Using 𝑃 = 𝑭 ∙ 𝒗, we worked an example in the 
Chapter 8 lecture of the power required to overcome wind.  Use this example plus the given 


information to determine for the Land Rover an equation for 𝑃𝑎𝑖𝑟 (𝑡) as a function of time.  Plot 
𝑃𝑎𝑖𝑟 (𝑡) vs time on the same graph as your 𝑃𝑎𝑐𝑐𝑒𝑙 (𝑡) plot. 
 


e)  (3 points)  Finally express 𝑃𝑜𝑣𝑒𝑟𝑎𝑙𝑙 (𝑡) as a function of time, which is the sum of 𝑃𝑎𝑐𝑐𝑒𝑙 (𝑡) +
𝑃𝑎𝑖𝑟 (𝑡).  Plot 𝑃𝑜𝑣𝑒𝑟𝑎𝑙𝑙 (𝑡) on the same plot as the power functions in parts b and c. 
 


f)  (3 points)  Determine graphically the peak (highest) overall power required for this acceleration 


(to at least 2 significant figures) and then convert to units of horsepower.  Look up online the peak 


horsepower rating for a standard Land Rover and comment whether your power value is reasonable. 
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