
A 55-cm-long lawn mower blade takes half of a second to reach a full speed of 3500 RPMs (revolutions per 
minute). The mass of the blade is 450 grams. Model the blade as a uniform rod rotating about its center, which has 
the moment of inertia in the figure.

(a) When rotating at full speed, what is the angular momentum of the mower blade? 

(b) What is the average net torque applied to the blade while reaching full speed? 

(c) How much power is required to accelerate the mower blade while reaching full speed?  

Rubric

Part (a)
1 pt - Angular momentum equation
1 pt - Omega unit conversion
0.5 pt - Application
0.5 pt - Answer and units

Part (b) 
1 pt - 2nd law for rotation equation
1 pt - Alpha = delta_W/delta_t eq.
2 pt - Application
0.5 pt - Answer and units

Part (c)
1 pt - power = energy/time eq.
1 pt - rotational energy equation
2 pt - Application
0.5 pt - Answer and units
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A child’s game called paddle ball consists of a small rubber ball attached to a rubber band, the other end of the rubber band is then 
attached to a paddle. You notice a small child holding the paddle out in front of them with the ball hanging below. They jerk up on 
the paddle quickly throwing the ball into a vertical oscillation. 

(a) How could you determine, by observing the oscillation of the ball, whether the rubber band acts like a Hooke’s Law spring, an d 
thus creates simple harmonic motion? 

(b) If you estimate the ball to be about 50 g, and the period of oscillation to be constant 1.2 seconds, what would be an est imate of 
the spring constant of the rubber band? 

(c) Where did the energy in the oscillation originally come from?

Rubric 

Part (a) 
1 pt - Answer

Part (b)
1 pt - omega = 2*pi/T eq.
1 pt - omega = sqrt(k/m) eq.
1 pt - Combining and solving
0.5 pt - Answer and units

Part (c)
1.5 pts - Answer
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~~Rubric~~

(0.5 points)  Beta equation
(3.0 points) Add intensities at persons location (high level)

(2.0 points)  Adds power at persons location instead of intensities (medium level)
(1.0 points)  Adds beta at persons location instead of intensities (low level)

(0.5 points)  P2 = 2 P1 used
(0.5 points)  A = 4 pi r2
(0.5 points)  R2 = r1 used
(0.5 points)  Algebra - uses log_base_10 instead of ln
(0.5 points)  Consistent answer with "units"
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~~Rubric~~

Part (a) - 1.5 points

(0.5 points)  indicates observed frequency is less than source
(0.5 points)  indicates distance between obs and source must be increasing
(0.5 points)  concludes that Brody is running away from UV.

Part (b) - 3 points

(0.5 points)  identifies doppler shift equation
(0.5 points)  uses vs = 0
(0.5 points)  uses - vo
(1.0 points)  algebra
(0.5 points)  correct answer with units

Part (c) - 1.5 points

(0.5 points)  converts vo and 30mph to same units
(0.5 points)  indicates that vo is greater than 30 mph
(0.5 points)  Consistent answer with observation if comparing same units
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~~Rubric~~

Part (a) - 3.5 points

(1.5 points)  uses uncertainty in finding period from single cycle or uses multiple cycles (with our 
without uncertainty) to find period (high level)

(1.0 points) finds period from one cycle only and mentions something about uncertainty but 
doesn't attempt to quantify (mid level)

(0.5 points)  finds period from one cycle (low level)

(1.0 points)  f = 1/T
(0.5 points)  consistent f with units
(0.5 points)  identifies closest string with calculated f

Part (b) - 2.5 points

(1.0 points)  fm = m f1
(0.5 points)  m = 3
(0.5 points)  consistent f3 with units
(0.5 points)  identifies closest string with calculated f3
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